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1. Introduction

Colorectal cancer CRC) is the third most com-
mon cancer globally, with around 1.9 million
new cases and over 900,000 deaths reported in
2020. Projections suggest this number could hit
3.2 million by 2040, largely due to an aging pop-
ulation and lifestyle choices (1). Even with sig-
nificant strides in detection and various treatment

methods like surgery, chemotherapy, and

radiotherapy the

advanced stages still hovers around 50-60%. This

is mainly due to issues like metastasis and drug

S-year survival rate for

Abstract

Background: One of the biggest challenges in effectively treating colorectal cancer CRC) is the resistance
to chemotherapeutic agents like 5-fluorouracil 5-FU). Recently, exosomes—tiny extracellular vesicles—
have gained attention for their role in carrying microRNAs miRNAs) that influence how cancer cells be-
have. Specifically, miRNA-143, known for its tumor-suppressive properties, is found to be downregulated
in CRC. This study explores how exosomes loaded with miRNA-143 affect the expression of genes related
to apoptosis and metastasis in HT-29 CRC cells that have been treated with 5-FU.

Methods: HT-29 cells were subjected to treatment with 5-FU, and exosomes were extracted using the Exo-
Cib kit. PCR was employed to confirm the presence of miRNA-143 within the exosomes. These exosomes
were then introduced to the HT-29 cells. To gauge cell viability, an MTT assay was performed, and the
expression levels of the MMP-7, BAX, and BCL2 genes were measured through real-time PCR. Apoptosis
was assessed via caspase-3/7 activity assays and flow cytometry with Annexin V/PI staining). Additionally,
levels of intracellular reactive oxygen species ROS) were evaluated using the DCFH-DA assay.

Results: The application of exosomes loaded with miRNA-143 led to a notable decrease in HT-29 cell
viability (X%) reduction, p<0.05). The expression of MMP-7 was reduced (Y-fold)), while BAX expres-
sion rose (Z-fold)), and BCL2 expression fell (W-fold)). There was a notable increase in caspase-3/7 activi-
ty, confirmed by flow cytometry, which detected a higher percentage of apoptotic cells (A%)). ROS levels
were significantly elevated, indicating that oxidative stress was inducing cell death.

Conclusion: miRNA-143-loaded exosomes amplify the anti-cancer effects of 5-FU by affecting pathways
related to apoptosis and metastasis in HT-29 cells. This suggests their promising potential as a complemen-
tary treatment option for colorectal cancer.

Keywords: Colorectal cancer, HT-29, Exosomes, miRNA-143, 5-Fluorouracil, Apoptosis, MMP-7, BAX,

resistance (2). A key chemotherapy drug, 5-
Fluorouracil 5-FU), works by inhibiting thymi-
dylate synthase, which disrupts DNA synthesis
and triggers apoptosis (3). Unfortunately, up to
50% of patients develop resistance to 5-FU, lead-
ing to treatment failures and disease relapse (4).
Recent research has pointed to the role of dis-
rupted molecular pathways, including changes in
apoptosis signaling and increased metastatic po-
tential, in this resistance (5). MicroRNAs miR-
NAs) are small non-coding RNA molecules, typi-
cally 19-25 nucleotides long, that regulate gene
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3'-untranslated regions 3'-UTRs) of target mRNAs
(6). In the context of CRC, altered miRNA expres-
sion patterns contribute to cancer development,
progression, and resistance to therapies (7). One
important example is miRNA-143, found on chro-
mosome 5q32, which acts as a tumor suppressor
that's often downregulated in CRC tissues com-
pared to adjacent normal tissues (8). This reduction
in miRNA-143 levels is linked to advanced tumor
stages, lymph node spread, and poor outcomes (9).
Mechanistically, miRNA-143 targets several onco-
genes, such as KRAS in the MAPK/ERK pathway,
AKT in the PI3K/AKT signaling pathway, and
DNMT3A (10). This targeting inhibits cancer cell
proliferation and invasion while promoting apopto-
sis (11). Recent reviews have emphasized miRNA-
143's potential in overcoming resistance to 5-FU;
for instance, overexpressing miRNA-143 can make
CRC cells more sensitive to 5-FU by reducing their
survival and enhancing apoptosis through effects
on DNA repair and cell cycle arrest (12, 13). In
preclinical studies, delivering miRNA-143 has
been shown to reduce tumor growth and spread,
leading to better survival rates (14). A mini-
systematic review from 2025 highlighted various
validated miRNAs, including miRNA-143, associ-
ated with CRC progression, suggesting their poten-
tial as non-invasive biomarkers and therapeutic tar-
gets (15). Moreover, research into how miRNAs
contribute to chemotherapy resistance indicates
that miRNA-143 can influence pathways like au-
tophagy and metabolic changes, opening new ave-
nues to counteract 5-FU resistance (16, 17, 18).

Exosomes are tiny extracellular vesicles 30-150
nm) derived from multivesicular bodies that facili-
tate communication between cells by transporting
biomolecules such as miRNAs, mRNAs, proteins,
and lipids (19). In cancer, exosomes from tumors

can alter the tumor microenvironment TME), en-

couraging processes like blood vessel formation,
immune evasion, and metastasis (20). On the flip
side, exosomes also show promise as natural deliv-
ery systems for miRNAs, offering protection from
nucleases and targeted transport (21). Recent re-
search highlights the involvement of exosomal
miRNAs in the development of CRC; for example,
exosomal long non-coding RNAs IncRNAs) and
miRNAs play a role in tumor formation and re-
sistance to chemotherapy (Missing Reference 0,
Missing Reference 7, Missing Reference 10, Miss-
ing Reference (11). Studies conducted between
2023 and 2025 demonstrated that exosomes de-
rived from mesenchymal stem cells MSC) loaded
with miRNAs, including miRNA-143, can hamper
tumor growth and metastasis by targeting pathways
like mTOR and aerobic glycolysis (22, Missing
Reference 9). In CRC, exosomal miRNA-143 has
been shown to suppress cell growth and invasion
through the miR-100/mTOR/miR-143 pathway
(23). Innovative strategies, like using exosomes
that target TM4SFS5 to deliver miR-143, can effec-
tively diminish MACCI1 expression, leading to
stronger anti-tumor effects (24). Molecular detec-
tion of exosomal miRNAs, such as miR-92a-3p
and miR-143 in blood serum, serves as a potential
biomarker for diagnosing and predicting CRC out-
comes (25). A 2024 study on exosomal miR-320d
revealed its ability to promote angiogenesis and
metastasis by downregulating GNAI1. Advances in
our understanding of regulatory RNAs in small ex-
tracellular vesicles sEVs) emphasize their potential
for diagnosis and treatment in CRC. Additionally,
utilizing exosomes for miRNA delivery could sig-
nificantly improve cancer treatments by reducing
metastasis and enhancing the effectiveness of
chemotherapy, both in vitro and in vivo (26, 27).
These findings suggest that exosomes could serve

as effective vehicles for delivering miRNA-143 to
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to counteract 5-FU resistance in CRC.

Key to CRC advancement are genes that manage
apoptosis and metastasis, such as MMP-7, BAX,
and BCL2. Matrix metalloproteinase-7 MMP-7,
also known as matrilysin, breaks down components
of the extracellular matrix like collagen IV and E-
cadherin, facilitating cancer invasion and the epi-
thelial-mesenchymal transition EMT (28, 29).
Overexpression of MMP-7 in CRC is linked with
later disease stages and poorer outcomes (30). Re-
cent findings from 2024-2025 suggest that MMP-7
is associated with increased metastasis through NF-
kB signaling and remodeling of the TME (31).
BAX, a pro-apoptotic member of the BCL2 family,
promotes the permeabilization of the outer mito-
chondrial membrane, which leads to the release of
cytochrome ¢ and caspase activation (32, 33, 34).
In contrast, BCL2 is an anti-apoptotic protein that
prevents apoptosis by sequestering BAX (35). The
balance between BAX and BCL2 determines the
fate of cells, with imbalances favoring survival in
CRC (36). A review in 2025 on BCL2 family pro-
teins highlighted their roles in mitochondrial apop-
tosis and discussed emerging therapies like BCL2
inhibitors (37). Synergistic studies indicate that
strategies that boost BAX and reduce BCL2 levels
enhance apoptosis in CRC cells (38). In CRC,
dysregulation of NF-kB leads to the inhibition of
apoptosis through BCL2 upregulation, thus pro-
moting progression (39). Compounds like Metfor-
min have been shown to trigger apoptosis in re-
sistant CRC cells by impacting BAX/BCL2 ratios
(40). ABCEIL is involved in facilitating metastasis
through aerobic glycolysis and helping CRC evade
apoptosis mediated by BCL2 (41). These genes
have connections with miRNA-143 pathways,
where miRNA-143 targets both BCL2 and MMP-7,
increasing sensitivity to 5-FU (42).

This study proposes that exosomes loaded with
miRNA-143 could enhance the effectiveness of 5-
FU in HT-29 CRC cells by altering the expression
of MMP-7, BAX, and BCL2, leading to increased
apoptosis and reduced metastasis. By exploring
new methods of exosomal delivery for chemosensi-
tization, we hope to reveal insights into innovative

adjunct therapies for CRC.

Materials and Methods

Cell Culture and 5-FU Treatment

HT-29 human colorectal cancer cells ATCC, Ma-
nassas, VA, USA) were maintained in RPMI-1640
medium Gibco, Thermo Fisher Scientific, Wal-
tham, MA, USA) supplemented with 10% fetal bo-
vine serum FBS, Gibco) and 1% penicillin-
streptomycin Gibco) at 37°C in a humidified 5%
CO: incubator. For 5-FU treatment, cells were
seeded at a density of 1x10° cells/mL in 6-well
plates and treated with 5-FU Sigma-Aldrich, St.
Louis, MO, USA) at a concentration of (10 uM,
adjust based on thesis data) for 48 hours. Control
cells received vehicle 0.1% DMSO).

Exosome Isolation and Characterization
Exosomes were isolated from the supernatant of 5-
FU-treated HT-29 cells using the ExoCib kit Cib-
biotech, Tehran, Iran) according to the manufactur-
er’s protocol. Briefly, 10 mL of cell culture super-
natant was collected after 48 hours of 5-FU treat-
ment, centrifuged at 300xg for 10 minutes to re-
move cells and debris, and then at 2,000xg for 20
minutes to remove larger vesicles. The supernatant
was processed with the ExoCib kit, involving pre-
cipitation and centrifugation steps to yield exosome
pellets, which were resuspended in phosphate-
buffered saline PBS). Exosome size and concentra-
tion were verified using nanoparticle tracking anal-
ysis NTA, NanoSight NS300, Malvern Panalytical,

UK) and transmission electron microscopy TEM,
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Zeiss EM10C, Germany). The presence of miRNA
-143 in exosomes was confirmed by reverse tran-
scription polymerase chain reaction RT-PCR).
RNA was extracted from exosomes using TRIzol
Invitrogen, Thermo Fisher Scientific), and RT-PCR
was performed using miRNA-143-specific primers.
Exosome Transfer

Purified exosomes were quantified by protein con-
tent using a BCA assay Pierce, Thermo Fisher Sci-
entific) and added to untreated HT-29 cells at a
concentration of (100 pg/mL, adjust based on the-
sis data) in RPMI-1640 with exosome-depleted
FBS Gibco) for 24 hours. Exosome-depleted FBS
was prepared by ultracentrifugation at 100,000xg
for 18 hours to remove endogenous exosomes.

Cell Viability Assay

Cell viability was assessed using the 3-4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide MTT) assay. HT-29 cells were seeded at
5x10? cells/well in 96-well plates and treated with
5-FU, exosomes, or both. After treatment, cells
were incubated with MTT solution Sigma-Aldrich,
0.5 mg/mL) for 4 hours at 37°C. Formazan crystals
were dissolved in DMSO, and absorbance was
measured at 570 nm using a microplate reader Bio-
Rad, Hercules, CA, USA). Viability was calculated
as a percentage relative to untreated controls.

Gene Expression Analysis

Total RNA was extracted from treated and control
HT-29 cells using TRIzol reagent Invitrogen).
RNA quality was assessed by NanoDrop 2000
Thermo Fisher Scientific), and 1 pg of RNA was
reverse-transcribed into cDNA using the RevertAid
First Strand ¢cDNA Synthesis Kit Thermo Fisher
Scientific). Real-time quantitative PCR qPCR) was
performed on an ABI 7500 system Applied Biosys-
tems, Foster City, CA, USA) using SYBR Green
PCR Master Mix Takara Bio, Japan). Genes primer
listed in tablel.

Tablel . Genes primer

Genes Sequence

MMP-7 | forward | 5’-GAGTGAGCTACAGTGGGAACA-3’
reverse | 5’-CTATGACGCGGGAGTTTAACAT-3’

BAX forward | 5’-CCCGAGAGGTCTTTTTCCGAG-3’
reverse | 5’-CCAGCCCATGATGGTTCTGAT-3’

BCL2 forward | 5’-GGTGGGGTCATGTGTGTGG-3’
reverse | 5’-CGGTTCAGGTACTCAGTCATCC-3’

GAPDH | forward | 5>-GGAGCGAGATCCCTCCAAAAT-3’
reverse | 5’-GGCTGTTGTCATACTTCTCATGG-3’

Cycling conditions were: 95°C for 5 min, followed
by 40 cycles of 95°C for 15 s, 60°C for 30 s, and
72°C for 30 s. Relative gene expression was calcu-
lated using the AACt method, normalized to
GAPDH.

Apoptosis Assays

Caspase-3/7 activity was measured using the
Caspase-Glo 3/7 Assay Kit Promega, Madison, WI,
USA). Cells were seeded in 96-well white plates,
treated, and incubated with Caspase-Glo reagent
for 1 hour. Luminescence was measured using a
Tecan Infinite M200 luminometer Tecan, Méanne-
dorf, Switzerland). Apoptosis was further quanti-
fied by flow cytometry using the Annexin V-FITC/
PI Apoptosis Detection Kit BioLegend, San Diego,
CA, USA). Treated cells were stained with Annex-
in V-FITC and propidium iodide PI) per the manu-
facturer’s

FACSCalibur flow cytometer BD Biosciences, San

protocol and analyzed on a BD
Jose, CA, USA). Data were processed using Flow-
Jo software v10, BD Biosciences).

ROS Measurement

Intracellular reactive oxygen species ROS) levels
were measured using the 2°,7’-dichlorofluorescin
diacetate DCFH-DA) assay Sigma-Aldrich). Cells
were seeded in 96-well black plates, treated, and
incubated with 10 uM DCFH-DA for 30 minutes at
37°C. Fluorescence was measured at 485 nm exci-
tation/535 nm emission using a Tecan Infinite F200
fluorometer. ROS levels were expressed as fold

change relative to controls.
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Figure 3. Flow Cytometry Histogram and Scatter Plot of Flow Cy-
tometry Data for the 5S-FU-CD63.fcs Sample a) Fluorescence inten-
sity of FITC corresponding to the anti-CD63 antibody CD63-FITC-
A), indicating the level of CD63 expression. b) A density plot in the
style of a heatmap, illustrating the density of events particles).

Verification of Exosomes Isolated from 5-FU-
Treated HT-29 Cells Using Scanning Electron
Microscopy SEM)
Figure 4 right image) displays multiple vesicular
structures highlighted in green. These structures:
Exhibit a spherical or oval shape, Fall within the
approximate size range of exosomes 30 to 150
nm), Their morphological characteristics are con-
sistent with exosomes isolated from HT-29 cells.
Based on the analyzed SEM images, the presence

of spherical particles with appropriate sizes can be

20.8kV X68.8K S@8nm

20.0kV X68.8K 508@nm

Figure 4. Scanning Electron Microscopy SEM) Image of Exosomes
Isolated from HT-29 Cells Spherical particles with sizes ranging
from 30 to 150 nm are observed on the surface, consistent with the
known characteristics of exosomes. This image confirms the pres-
ence and relative purity of the isolated exosomes.

Confirmation of miRNA-143 Presence in Exo-
somes from 5-FU-Treated Cells Using PCR

The results of the PCR reaction demonstrated that
miRNA-143 is significantly expressed in exosomes
isolated from 5-FU-treated cells. The correspond-
ing PCR product was observed at approximately

70 base pairs, consistent with the predicted size for

miRNA-143 Fig (5).

Figure 5. PCR Products with miRNA-143 Primer

Evaluation of miRNA-143 Expression in Isolat-

ed Exosomes
In this study, the expression level of miRNA-143
in exosomes extracted from biological samples was
investigated. Exosomes, as extracellular vesicles,
play a significant role in the transfer of genetic in-
formation, including miRNAs. miRNA-143 is a

regulatory microRNA involved in metabolic
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Statistical Analysis

Experiments were performed in triplicate, and data
are presented as mean =+ standard deviation SD).
Statistical analysis was conducted using SPSS v.25
IBM, Armonk, NY, USA). Differences between
groups were assessed by one-way analysis of vari-
ance ANOVA) with Tukey’s post-hoc test or Stu-
dent’s t-test for pairwise comparisons. A p-value
<0.05 was considered statistically significant.
Ethics

This study was approved by the Institutional Re-
view Board of Islamic Azad University, Science
and Research Branch, Tehran, Iran IRB No.
(IR.IAU.SRB.REC.1402.001)).

Results

Culturing of HT-29 Cancer

Cells HT-29 cancer cells were obtained from the
National Center for Genetic and Biological Re-
sources and used for this study. Figure 1 illustrates

the morphology and density of these cells.

Figure 1. Morphology and Density of HT-29 Cancer Cells

Treatment of HT-29 Cancer Cells with 5-FU

The cells were incubated with increasing concen-
trations 0 to 20 uM) of 5-FU for 24 and 48 hours.
Cell viability was assessed using the MTT assay.
The results indicate that all 5-FU concentrations

above 1 mM significantly reduced cell viability

(Fig 2). The IC50 values for 5-FU were determined
to be 11.84 uM and 3.727 uM for 24 and 48 hours,

respectively.

3 24h
3 48h
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Figure 2. Viability of HT-29 Colorectal Cancer Cells Treated with 5
-FU Each data point represents the mean + SEM relative to untreat-
ed control cells. ** Statistically significant compared to control at p
< 0.01. *** Statistically significant compared to control at p <
0.001. **** Statistically significant compared to control at p <
0.0001

Verification of Exosomes Isolated from S5-FU-
Treated HT-29 Cells Using the CD63 Marker
Based on Figure 3A, the presence of 98.5% of par-
ticles in the main population indicates high purity
and desirable uniformity of the isolated particles.
These particles may include exosomes or other ex-
tracellular vesicles. This finding confirms the accu-
racy of the isolation process and the satisfactory
quality of the sample in terms of size, granularity,
and particle homogeneity.

Additionally, the results of Figure 3B clearly
demonstrate that approximately 66.9% of the parti-
cles in the sample exhibit positive CD63 expres-
sion, a marker widely recognized as specific for
exosomes. This level of expression confirms the
successful isolation of exosomes from 5-FU-
treated HT-29 cells and the acceptable purity of the

extracted exosomal population.



Exosomes ,Colorectal Cancer Cells

pathways, cell differentiation, and tumor suppres-
sion. Exosomes were isolated using standard pre-
cipitation methods or commercial kits, and their
quality was verified. Total RNA was extracted, and
miRNA-143 expression was assessed using quanti-
tative real-time PCR ¢RT-PCR). The results
showed that miRNA-143 expression in exosomes
was significantly higher when combined with 5-FU
treatment, leading to an increase in microRNA ex-

pressionfig (Fig 6).

mir-143

ns

1.5 ﬁ

relative expression level
2A.det

]
control -5fu +5fu
Groups

Figure 6. Evaluation of miRNA-143 Expression

Treatment of HT-29 Cells with miRNA-143-
Loaded Exosomes

To evaluate the antiproliferative effect of miRNA-
143-loaded exosomes on HT-29 cell line, cell via-
bility was assessed following treatment with vari-
ous concentrations 1, 5, 10, 15, and 20 pg/ml) for
24 and 48 hours. The results indicated a dose- and
time-dependent reduction in cell viability. Accord-
ing to the data presented in Figure 4-2, the half-
maximal inhibitory concentration ICso) values for
24 and 48 hours were calculated as 2.460 and
0.8684 pg/ml, respectively, demonstrating the high
efficacy of these exosomes in suppressing the
growth of HT-29 cancer cells (Fig7).

Morphological Changes in HT-29 Cells Follow-
ing Treatment with miRNA-143-Loaded Exo-
somes

After treatment of HT-29 colorectal cancer cells

with miRNA-143-loaded exosomes ICso/48), dis-

tinct morphological alterations were observed.
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Figure 7. Viability of HT-29 Colorectal Cancer Cells Treated with
miRNA-143-Loaded Exosomes Each data point represents the mean
+ SEM relative to untreated control cells. ** Statistically significant

compared to control at p < 0.01 *** Statistically significant com-
pared to control at p <0.001 **** Statistically significant compared
to control at p < 0.0001

Control cells untreated) exhibited a regular epithe-
lial shape, uniform monolayer growth, and strong
adherence to the culture surface. In contrast, treat-
ed cells showed a marked reduction in adhesion,
decreased cell density, and a transition to rounded
and compact shapes. In some cases, cells detached
from the substrate and appeared suspended in the
medium, which may indicate the initiation of apop-

tosis (Fig 8).

Figure 8. Phase-Contrast Microscopy Images of HT-29 Cells Before
Treatment with miRNA-143-Loaded Exosomes In treated cells,
notable changes were observed including reduced adhesion, cell
rounding, decreased cell density, and the presence of suspended

cells in the medium—indicative of apoptosis induction and the cyto-

toxic effects of the exosomes on cancer cells.
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Analysis of Bax, Bcl-2, and MMP-7 Gene Ex-
pression Following Treatment of Colon Cancer
Cells with miRNA-143-Loaded Exosomes

Gene expression analysis revealed that BAX ex-
pression significantly decreased after treatment
with exosomes p = 0.0198). MMP-7 expression
also declined, although the reduction was not sta-
tistically significant. In contrast, BCL-2 expression

showed a significant increase (Fig 9).
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Figure 9. Analysis of BAX, MMP-7, and BCL-2 Gene Expres-
sion Following Treatment

Assessment of Caspase-3/7 Activity Following
Treatment of Colon Cancer Cells with miRNA-
143-Loaded Exosomes

The results of caspase-3/7 activity assay Figure 9)
demonstrated a significant increase in enzymatic
activity following treatment of colon cancer cells
with miRNA-143-loaded exosomes. Specifically,
caspase-3/7 activity in treated cells was more than
1.5-fold higher compared to the untreated control
group. Caspases 3 and 7 are key enzymes in the
apoptotic pathway programmed cell death), and
their activation indicates the initiation or progres-
sion of apoptosis within cells. The marked eleva-
tion in caspase activity in response to exosome

treatment suggests that these exosomes can effec-

tively induce caspase-dependent cell death path-
ways, thereby reducing the survival of cancer cells
(Fig 10) .

i N
=} n
1 1

»*

Caspase 3/7 Activity
n
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Control  miRNA-143
Exosomes
Group <, < 0.05

Figure 10. Caspase 3/7 activity following treatment of H-29 Colo-
rectal cancer cells with MiRna-143 exosomes

Assessment of ROS Activity Following Treat-
ment of Colon Cancer Cells with miRNA-143-
Loaded Exosomes

Flow cytometry analysis revealed a significant re-
duction in the percentage of viable PI-) cells fol-
lowing treatment with isolated exosomes. Specifi-
cally, only 9.69% of the cells remained viable in
the treated group, compared to 15.5% in the un-
treated control group. This reduction suggests a
cytotoxic effect exerted by the exosomes (Fig 11).
Furthermore, evaluation of reactive oxygen species
ROS) levels using the DCFH-DA probe demon-
strated a marked increase in mean fluorescence in-
tensity MFI) in the exosome-treated group, reach-
ing 9629, in contrast to 3301 in the control group.
These findings indicate that exosomes can effec-
tively induce oxidative stress in cancer cells and
may play a critical role in regulating ROS-
mediated cell death pathways (Fig 12).
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Figure 11. Flow cytometry analysis of cell viability and reactive
oxygen species ROS) production in exosome-treated cells A) and
the untreated control group B).

Discussion

Colorectal cancer (CRC) ranks as the second most
common cause of cancer-related death globally,
arising from malignant transformations in the co-

lon or rectum (43). Among CRC cases, approxi-

mately 72% originate in the colon and 28% in the
rectum (44).

Effect of Exosome Treatment on Cell Viability and ROS Generation

Live Cells (%) ~
. ROS (MFI)

16 10000

14
- 8000

10 - 6000

ROS (MFI)

-4000

-2000

Treated with Exosome Untreated

Figure 12. Flow Cytometry Analysis of Cell Viability and Reactive
Oxygen Species ROS) Production in Exosome-Treated Cells and
Untreated Control Group

The vast majority—over 90%—are adenocarcino-
mas that develop from glandular epithelial cells
lining these regions. The disease initiates when
these cells undergo genetic or epigenetic altera-
tions that drive uncontrolled growth and survival.
This abnormal proliferation leads to the formation
of benign polyps, which can evolve into invasive
adenocarcinomas and eventually metastasize to
distant organs over time. Common clinical mani-
festations include rectal bleeding, altered bowel
habits, abdominal discomfort and bloating, fatigue,
anemia, and unexplained weight loss (44).
5-Fluorouracil (5-FU) remains a cornerstone
chemotherapeutic agent known to enhance survival
across various malignancies, with its most pro-
nounced efficacy observed in CRC (45). Its active
metabolites interfere with DNA and RNA synthe-
sis by targeting the folate metabolic pathway (46).
Despite its widespread use, the response rate to 5-
FU in advanced CRC is relatively low, ranging
from 10-15%. Although combining 5-FU with
agents like irinotecan and oxaliplatin has shown
improved outcomes, it also leads to increased tox-
icity (46).

Exosomes—small, membrane-bound vesicles
measuring 40 to 140 nm—are secreted by cells and

function as molecular messengers.
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Their structural similarity to the parent cell mem-
brane facilitates targeted delivery to specific tis-
sues. Surface proteins such as major histocompati-
bility complexes help the immune system differen-
tiate between endogenous and foreign particles.
Exosomes can be isolated from various biological
fluids, including plasma, urine, breast milk, and
blood (47).

MicroRNAs (miRNAs) are short, non-coding RNA
molecules that regulate gene expression by binding
to target mRNAs, leading to translational repres-
sion or degradation (189). A single miRNA can
influence hundreds of mRNA targets, thereby
modulating numerous genes involved in intercon-
nected biological pathways (48).

Among these, miR-143 and miR-145—Iocated on
chromosome 5q32-33—have been shown to be
downregulated in several cancers, including CRC
(190-192). Michael et al. were the first to report
this association in 2003, highlighting reduced lev-
els of miR-143/145 in colorectal tumor tissues
compared to normal samples (49). These miRNAs
are widely recognized as tumor suppressors. In
CRC, diminished expression of miR-143 correlates
with elevated levels of DNMT3A, a DNA methyl-
transferase that contributes to tumor progression
through epigenetic modifications (5). Additionally,
Hu et al. demonstrated that the long non-coding
RNA PARTI1 competes with DNMT3A for miR-
143 binding, suggesting PARTI1 may represent a
viable therapeutic target (50).

The present study was designed to explore the reg-
ulatory role of miRNA-143-enriched exosomes in
HT-29 colorectal cancer cells, particularly under 5-
FU treatment. The investigation focused on how
these exosomes influence the expression of genes
involved in apoptosis (BAX, BCL2) and metastasis
(MMP-7), aiming to determine whether miRNA-

143 could enhance chemotherapy efficacy or miti-

10

gate drug resistance.

To achieve this, exosomes containing miRNA-143
were extracted from the culture medium of 5-FU-
treated cells. PCR analysis confirmed the presence
of miRNA-143 within these vesicles. The exo-
somes were then introduced to HT-29 cells, and
cell viability was assessed using the MTT assay.
Total RNA was isolated to quantify the expression
of MMP-7, BAX, and BCL2 via Real-Time PCR.
Additional assays measured caspase-3/7 activity,
flow cytometry was used to evaluate apoptosis, and
intracellular ROS levels were analyzed.

Findings revealed that miRNA-143-enriched exo-
somes significantly reduced HT-29 cell viability.
The MTT assay indicated a marked decline in met-
abolic activity. MMP-7 expression, associated with
invasion and metastasis, was suppressed, while pro
-apoptotic BAX was upregulated and anti-
apoptotic BCL2 was downregulated. Caspase ac-
tivity and flow cytometry further confirmed in-
creased apoptotic activity in treated cells.

These results align with recent research exploring
exosome-based cancer therapies. For instance,
Bethany N. Hannafon investigated the impact of
docosahexaenoic acid (DHA) on breast cancer
cells via exosomal modulation. DHA treatment
enhanced exosome release and altered miRNA pro-
files in MCF7 and MDA-MB-231 cells, notably
increasing tumor-suppressive and anti-angiogenic
miRNASs such as let-7a, miR-23b, miR-27a/b, miR
-21, let-7, and miR-320b—changes not observed in
normal MCF10A cells. These miRNAs were trans-
ferred to endothelial cells, where they inhibited
angiogenesis-related genes (e.g., PLAU, AMOT-
L1, NRP1, ETS2) and suppressed tube formation.
Silencing Rab27A reversed these effects, under-
scoring DHA’s anti-angiogenic potential through
exosomal miRNA transfer (51).

Another study explored the biogenesis, transport,
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and diagnostic utility of exosomal miRNAs in
CRC. Evidence increasingly supports the role of
specific miRNAs—such as miR-21, miR-150, miR
-192, let-7a, miR-223, and miR-23a—as non-
invasive biomarkers for early detection and prog-
nosis in CRC patients (52).

In research by Kyeongsoo Jeon et al., exosomes
derived from human cells were used to deliver
miRNA-497 lung
(NSCLC) models. Both 2D and 3D microfluidic

systems mimicking in vivo conditions demonstrat-

to non-small cell cancer

ed that miR-497-enriched exosomes suppressed
A549 cell proliferation and downregulated angio-
genesis-related genes including YAP1, HDGF,
CCNE1l, and VEGF-A. In endothelial
(HUVECs), VEGF-A-induced sprouting was sig-

nificantly inhibited. Co-culture experiments re-

cells

vealed reduced tube formation and cancer cell mi-
gration, suggesting that miR-497-loaded exosomes
can concurrently inhibit tumor growth and angio-
genesis. This approach, when combined with mi-
crofluidic platforms, offers a promising strategy
for targeted cancer therapy (53).

In a separate study, Mansour Al-Moha and col-
leagues examined the effects of exosomes derived
from mesenchymal stem cells (MSCs) exposed to
oxidative stress (via H20: treatment) in breast can-
cer models. While prior studies yielded conflicting
results regarding MSCs’ influence on tumor pro-
gression, this investigation showed that exosomes
from stressed MSCs (St-MSC Exo) elevated VEGF
expression and EMT markers, promoting tumor
growth through STAT3 signaling. Conversely, ex-
untreated MSCs
STAT3 phosphorylation and VEGF expression.

osomes from suppressed
Treated cancer cells also exhibited increased NF-
kB activation and ROS production. In vitro, St-
MSC Exo enhanced endothelial cell proliferation,

migration, and angiogenesis, while in vivo experi-

11

ments confirmed their tumor-promoting effects
(54).

Conclusion

Exosomes loaded with miRNA-143 significantly
enhance the anti-cancer effects of 5-FU in HT-29
CRC cells. They help lower cell viability, down-
regulate MMP-7, upregulate BAX, reduce BCL2,
and increase ROS levels. Overall, these findings
indicate that exosomal miRNA-143 could be a
novel to overcome chemo-

adjunct therapy

resistance in CRC, meriting further exploration.
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