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Extracellular vesicles isolated from curcumin-medium weakened
RKO cell proliferation and migration
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Background: Curcumin (Cur) is a natural phytochemical that is expected to become an indispensable
drug for the treatment of colorectal cancer. A comprehensive understanding of the anti-tumor mechanism
of Cur will provide a better reference for its clinical application. This study aimed to examine the effects
of extracellular vesicles (EVs) isolated from Cur-medium on RKO colorectal cancer cell proliferation,
apoptosis, and migration.

Methods: RKO cells were cultured in various concentrations of Cur-medium, and the EVs were isolated
from the Cur-medium. The EVs were identified by transmission electron microscopy and western blotting.
The effects of the EVs on RKO cell proliferation, apoptosis, and migration were analyzed, as was the
expression of proliferating cell nuclear antigen (PCNA), Bax, vimentin, and E-cadherin. The expression of
nuclear factor kB (NF-«B) p65 in the EVs was also detected.

Results: Our results showed that the EVs isolated from the Cur-medium weakened RKO cell proliferation
and migration but had no effect on cell apoptosis. Cur suppressed the expression of NF-«B p65 in the EVs.
Opverall, this study revealed that Cur exerts anti-tumor effects by suppressing NF-kB p65 in EVs to weaken
RKO cell proliferation and migration.

Conclusions: In conclusion, the packaging of Cur into EVs is expected to become an indispensable

treatment of colorectal cancer in the future.
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Introduction has been shown to affect colorectal cancer cell proliferation,

apoptosis, cell cycle, migration, invasion, autophagy,

Cancer is the main cause of death in China. Data from the epithelial-mesenchymal transition (EMT), angiogenesis,

National Cancer Center of China in 2022 showed that rates and chemo-resistance by regulating multiple signaling

of colorectal cancer had increased in the whole population
in China, and colorectal cancer was the fifth leading cause

of cancer-related death (1). Traditional Chinese medicine

pathways (2-4). Due to the complexity of colorectal cancer
pathogenesis, with its multiple components, targets, and

effects, traditional Chinese medicine is expected to lead to a
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breakthrough in the development of therapeutic colorectal
cancer drugs.

Curcumin (Cur) is one of the most popular agents
in traditional Chinese medicine. Cur is isolated from
turmeric roots, and is a natural phytochemical with wide
pharmacological activities (5), including anti-inflammatory,
anti-bacterial, anti-viral, and anti-tumor activities (6,7).
Studies have shown that Cur can reprogram the pro-tumor
phenotype of cancer-associated fibroblasts (8) and inhibit
the invasion and migration of carcinoma cells (9), effectively
controlling carcinoma progression. Cur is thought to be
a potent anti-tumor agent in colorectal cancer (10). A
comprehensive understanding of the anti-tumor mechanism
of Cur will provide a better reference for the clinical
application of Cur.

In recent years, researchers have focused on extracellular
vesicles (EVs), which function as messengers that exchange
cargo between cells, enabling the transport of various
signaling chemicals (11). The three primary types of EVs
are exosomes, ectosomes, and apoptotic bodies. Ectosomes
are mainly divided into microvesicles (0.2-1 pm) and
large oncosomes (>1 pm) (12). The EVs used in this study
represent exosomes and microvesicles. Tumor-derived
EVs are powerful drivers of tumor progression (13,14).
Remarkably, a study found that Cur was packaged into
exosomes derived from pancreatic cancer cells treated with
Cur (15); that is, Cur was packaged into EVs isolated from a
Cur-medium. However, the effects of the EVs derived from
the colorectal cancer cells treated with Cur on colorectal
cancer cell proliferation, apoptosis, and migration have not
been examined.

This study aimed to examine the effects of EVs

Highlight box

Key findings
* Extracellular vesicles (EVs) isolated from curcumin (Cur)-medium
weakened RKO cell proliferation and migration.

‘What is known, and what is new?

¢ It is known that Cur inhibits the proliferation and migration of
carcinoma cells.

* This study revealed that Cur exerts anti-tumor effects by
suppressing nuclear factor kB (NF-kB) p65 in EVs to weaken RKO
cell proliferation and migration.

What is the implication, and what should change now?
® The packaging of Cur into EVs is expected to become an
indispensable treatment of colorectal cancer in the future.
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isolated from Cur-medium on colorectal cancer RKO
cell proliferation, apoptosis, and migration. Our results
demonstrated that EVs isolated from Cur-medium
weakened RKO cell proliferation and migration but had no
effect on cell apoptosis. Additionally, Cur suppressed the
expression of nuclear factor kB (NF-xB) p65 in the EVs.
These findings suggest Cur may exert anti-tumor effects
by changing the functional molecules in the EVs derived
from tumors. This study provides some data that may help
to fully elucidate the anti-tumor mechanism of Cur. We
present this article in accordance with the MDAR reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-24-98/rc).

Methods
Cell viability assays

The colorectal cancer cell line RKO (CX0083, Boster)
was cultured in Dulbecco’s Modified Eagle Medium
(DMEM; C11995500, Gibco, ThermoFisher, Beijing,
China) supplemented with 10% fetal bovine serum (FBS;
PYGO0001, Boster, Wuhan, China) and 100 U/mL of
penicillin/streptomycin (JY1000, Biotopped, Beijing,
China) at 37 °C with 5% carbon dioxide. Cur was purchased
from MedChemExpress (HY-N000S, Shanghai, China).
Cell viability was examined using the Cell Counting Kit-8
(CCK-8) assay kit (C6005M, UElandy, Suzhou, China). An
equal number of cells were seeded into a 96-well plate per
well and cultured overnight to enable them to fully recover
their morphology. The medium was discarded, and then 0,
1.25,2.5, 5, 10, and 20 pM of Cur-containing media were
added to each group, respectively. After 48 h of cultivation,
the culture medium of each well was replaced with 10 pL
of CCK-8 (C6005M, UElandy, Suzhou, China) solution
and 90 pL. of DMEM (C11995500, Gibco, ThermoFisher,
Beijing, China). The plates were incubated for 1 h at 37 °C.
The optical density (OD) value of each well was measured
by a microplate reader (Synergy H1, BioTek Instruments,
Inc., Vermont, USA) at 450 nm.

Isolation of EVs

The RKO cells were cultured in 0, 1.25, and 10 pM of
Cur-containing 10% exosome-depleted-FBS complete
medium (Cur-medium) for 48 h, respectively. The Cur-
medium was collected, and the Exosome Extraction and

Purification Kit (UR52121, Umibio, Shanghai, China)
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was used to precipitate the EVs as per the manufacturer’s
instructions. The EVs were re-suspended and purified. The
Bicinchoninic Acid (BCA) Protein Assay Kit (GK10009,

GLPBIO, Shanghai, China) was used to quantify the EVs.
The EVs were stored at 80 °C awaiting subsequent use.

EV labeling and uptake
PKH67 (UR52303, Umibio, Shanghai, China) was used

to label the EVs with green fluorescence. To investigate
whether the RKO cells could uptake the EVs, the cells
and PKHG67-labeled EVs were added. After 24 h co-
culturing, the cells were fixed with 4% paraformaldehyde.
Subsequently, anti-fade mounting medium with
4' 6-diamidino-2-phenylindole (DAPI) (P0131, Beyotime,
Shanghai, China) was used. The uptake of EVs was
visualized by fluorescence microscopy (Model BX3-CBH,
Olympus Corporation, Tokyo, Japan).

Cell proliferation assay

A CCK-8 assay kit (C6005M, UElandy, Suzhou, China)
was used to test the effect of the EVs isolated from the Cur-
medium on RKO cell proliferation. The RKO cells were
equally seeded into a 96-well plate after 48 h of cultivation,
10 pLL of CCK-8 solution was added to the wells and incubated
for 1 h at 37 °C. The OD value of each well was measured
at 450 nm by a microplate reader (Synergy H1, BioTek
Instruments, Inc., Vermont, USA).

TUNEL staining

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining was performed using the YF®**
TUNEL apoptosis detection kit (1'6013S, UElandy, Suzhou,
China). The TUNEL reaction mixture, including TdT
enzyme and TUNEL reaction buffer, was incubated for 1 h
at 37 °C. The sample was processed with anti-fade mounting
medium with DAPI (P0131, Beyotime, Shanghai, China).
Next, the sample was visualized by fluorescence microscopy

(Model Bx3-Cbh, Olympus Corporation, Tokyo, Japan).

Transwell assay

Equal numbers of cells were cultured in 1% FBS medium.
Cell suspension (200 pL) was added to the upper chamber
of the Transwell (04122024, Corning, Shanghai, China).
Medium (500 pL), including 30% FBS, was added to the
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lower chamber. After 24 h, 4% paraformaldehyde was used
to fix the cells for 20 min. The cells were then dyed with
0.1% crystal violet (C0121, Beyotime, Shanghai, China) for
8 min. Finally, the cells were counted under a microscope

(Model Bx3-Cbh, Olympus Corporation, Tokyo, Japan).

Western blotting analysis

The total protein of the RKO cells was extracted with
RIPA Lysis Buffer (AR0102, Boster, Wuhan, China),
and the total protein of the EVs was extracted with the
special purpose lysate (UR33101, Umibio, Shanghai,
China), separated by SDS-PAGE, and transferred onto
PVDF membranes (0000202622, Millipore, Boston,
USA). The membranes were blocked with 5% skim
milk powder at room temperature for 2 h and were then
incubated with primary antibodies overnight at 4 °C and
incubated with a secondary antibody at room temperature
for 1 h. The bands were detected using an enhanced
chemiluminescence gel imaging system (10017142, Bio-
Rad, Shanghai, China). The blots were analyzed with image
J software. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) or B-actin was used as the control. Polyclonal
antibodies against GAPDH (10494-1-AP, 1:4,000),
TSG101 (28283-1-AP, 1:4,000), vimentin (10366-1-AP,
1:2,000), E-cadherin (60335-1-1g, 1:4,000), and
monoclonal antibodies against CD81 (66866-1-1g,
1:1,000) were obtained from Proteintech®, Wuhan,
China. Polyclonal antibodies against B-actin (ACO026,
1:20,000) were obtained from ABclonal, Wuhan, China.
Polyclonal antibodies against proliferating cell nuclear
antigen (PCNA; HY-P80268, 1:4,000), Bcl-2-related X
protein (Bax) (HY-P80028, 1:4,000), NF-«xB p65 (HY-
P80765, 1:1,000), and Calnexin (HY-P80578, 1:1,000)
were obtained from MedChemExpress, Shanghai, China.
HRP Conjugated AffiniPure Goat Anti-mouse lgG (H+L)
(BA1050; 1:10,000) and HRP Conjugated AffiniPure Goat
Anti-rabbit lgG (H+L) (BA1054; 1:10,000) were obtained
from Boster, Wuhan, China.

Statistical analysis

The statistical analyses were performed using SPSS 26.0
and GraphPad Prism 8.0 software. Statistically significant
differences were calculated using a Student’s #-test and an
analysis of variance (ANOVA), followed by LSD’s test. In
the western blotting analysis, B-actin or GAPDH was used
as the control, and the control group was homogenized.
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Figure 1 RKO cells took up the EVs from the surrounding environment. (A) Viability of the RKO cells after treatment with Cur for 48 h.

The data are presented as mean = SD. (B) The EVs were analyzed by TEM (magnification, x60 k; scale bar: 100 nm) and a western blotting
analysis of the typical biomarkers of EVs. (C) The RKO cells were co-cultured with *“°EVs, Curl-RROpryg, Corl-RKORY and PBS, respectively,

and the green fluorescence signals in cells were detected by fluorescence microscopy (magnification, x200). EVs, extracellular vesicles; Cur,

curcumin; SD, standard deviation; TEM, transmission electron microscopy; PBS, phosphate buffered saline.

The data in this study are all presented as the mean =
standard deviation (SD) from the experiments. The
experiments were performed in triplicate. Significance was
defined as a P value <0.05.

Results
RKO cells took up EVs from surrounding environment

After the treatment with 1.25, 2.5, 5, 10, or 20 pM Cur
for 48 h, the survival rates of the RKO cells, measured
by CCK-8, were 91.23%=4.13%, 86.00%+4.53%,
87.53%+4.67%, 81.35%+9.99%, and 39.64%+3.26%,
respectively (Figure 1A4). Cur elicited a dose-dependent
decrease in the RKO cell viability. Based on the sensitivity
to the chemical treatment, we selected Cur at a dose of 1.25
and 10 pM for our subsequent experiments. In a previous
study, RKO cells were cultured for 48 h in 10% exosome-
depleted-FBS conditioned medium, the medium from the
RKO cells was collected, and the EVs were isolated from
it using an extraction and purification kit ("“°EVs). The
®OEVs had already been identified (Figure 1B). Next, 1.25
or 10 pM of Cur were added to treat the RKO cells for 48 h,
and the EVs were isolated from the Cur-medium, which
were named the “""*°EVs and “""*°EVs, respectively.
The PKH67-labeled *°EVs, @' OE Vs, and " °EVs
were co-cultured with the RKO cells, respectively, and the
fluorescently labeled EVs were detected in the RKO cells

© Translational Cancer Research. All rights reserved.

(Figure 1C), suggesting that the RKO cells took up the EVs
from the surrounding environment.

EVs isolated from Cur-medium inbibited RKO cell

proliferation

The RKO cells were treated with equal numbers of EVs
(50 pg/mL) for 48 h. Compared with the RKO cells treated
with ®C°EVs, the survival rates were 100.13%=1.48% and
97.07%=1.28% when the cells were treated with " **°EVs
and “"*F*OEVs, respectively but the PCNA expression of
the cells did not change significantly in that time (Figure 2,3),
which might be because the cells all had a higher survival
rate. Further, the RKO cells were treated with 100 pg/mL
of EVs for 48 h. The survival rate of the RKO cells
(81.76%=1.84%) and the expression of the PCNA were
significantly inhibited when the cells were treated with the
CrORKOREVS compared to the "“°EVs, but the cell survival rate
and PCNA expression did not change significantly when the
RKO cells were treated with the “" ™ EVs (98.85%x1.51%)
(Figures 2,3). The data suggested that the EVs isolated from
the Cur-medium inhibited RKO cell proliferation.

EVs isolated from the Cur-medium bad no effect on RKO
cell apoptosis

Generally, the early apoptosis rate of the normal cells
was <5%. The apoptosis ability of the RKO cells was tested
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Figure 2 The effects of EVs isolated from the curcumin-medium on RKO cell proliferation, apoptosis, and migration. (A) RKO cell

proliferation was analyzed by CCK-8. (B) RKO cell apoptosis was detected by TUNEL assay. TUNEL staining was performed using the

YF®* TUNEL apoptosis detection kit (magnification, x200). (C) RKO cell migration was analyzed by Transwell assay. The cells were

stained by 0.1% crystal violet. The data are presented as mean + SD (¥, P<0.05). EVs, extracellular vesicles; DAPI, 4',6-diamidino-2-

phenylindole; Cur, curcumin; TUNEL, Terminal deoxynucleotidyl transferase dUTP nick end labeling; ns, no significance; CCK-8, Cell

Counting Kit-8; SD, standard deviation.

via TUNEL assay. The RKO cells were treated with equal
numbers of EVs for 48 h. Compared with those treated with
the "“°EVs, there was only sporadic green fluorescence in the
TUNEL staining when the RKO cells were treated with the
CQrIRKOEVs and """ OEVs. There was no significant apoptosis
in either group. Consistent with this result, the expression of
the apoptotic protein Bax also showed no significant change
(Figures 2,3). The data indicated that the EVs isolated from the
Cur-medium had no effect on RKO cell apoptosis.

EVs isolated firom Cur-medium weakened the EMT and
migration of the RKO cells

Compared with those treated with equal numbers of
*OEVs for 48 h, the expression of E-cadherin was

© Translational Cancer Research. All rights reserved.

increased when the RKO cells were treated with the
Curle-RRORVs. However, E-cadherin expression did not
change significantly when the RKO cells were treated
with the """ °EVs. Similarly, there was no significant
change in the expression of vimentin when the RKO
cells were treated with 50 pg/mL of the “"™ °EVs or the
CulORKORYs compared to the "“°EVs, but vimentin
expression was decreased when the RKO cells were treated
with 100 pg/mL of the “""*°EVs or the “"'"**°EVs.
Meanwhile, the migration ability of the RKO cells was
decreased when the cells were treated with the “"'***°EVs
compared to the ““°EVs. The migration ability of the
RKO cells was also decreased when the cells were treated
with 100 pg/mL of the “" ™ °EVs compared to 100 pg/mL
of the "*°EVs, but no significant change was observed

Transl Cancer Res 2024;13(6):2596-2604 | https://dx.doi.org/10.21037/tcr-24-98
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Figure 3 Western blotting analysis of the proteins. The expression of PCNA, Bax, vimentin, and E-cadherin was analyzed by western

blotting. B-actin was used as a control and the control group was homogenized. The data are presented as mean = SD (¥, P<0.05). EVs,

extracellular vesicles; PCNA, proliferating cell nuclear antigen; Cur, curcumin; ns, no significance; SD, standard deviation.
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Figure 4 Curcumin suppressed the expression of NF-kB p65 in
®XOEVs. The expression of NF-kB p65 in *“°EVs, “'™CEVs and
CurlORKORVs was analyzed by western blotting, respectively. The
data are presented as mean = SD (*, P<0.05). EVs, extracellular
vesicles; Cur, curcumin; GAPDH, glyceraldehyde-3-phosphate

dehydrogenase; ns, no significance; SD, standard deviation.
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when the cells were treated with the 50 pg/mL of the
G RKORVs (Figures 2,3). The data revealed that the EVs
isolated from the Cur-medium weakened the EMT and
migration ability of the RKO cells.

Cur suppressed the expression of NF-kB p65 in **’EVs

To investigate whether the EVs isolated from the Cur-
medium weakened RKO cell proliferation and migration
via the inhibition of NF-xB p65, western blotting was
used to determine the NF-xB p65 expression levels. The
results showed that NF-kB p65 was present in the "“°EVs,
Curl RKORyg  and “ORKOE Vs, Compared with the RROE Vs,
the expression of NF-kB p65 was significantly decreased in
the “""*OE Vs, while no significant change was observed
in the “""™CEVs (Figure 4). The data revealed that the
EVs isolated from the Cur-medium weakened RKO cell
proliferation and migration partly via the inhibition of
NF-«B p65.

Discussion

Colorectal cancer remains a non-negligible cause of cancer-
related death (16-18). Surgical therapy is less effective
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in advanced colorectal cancer patients than those early
patients (19). Additional therapy is required to delay the
progression of colorectal cancer, including cell proliferation
suppression, apoptosis facilitation, and cell migration
inhibition.

PCNA is a non-histone protein that assists DNA
polymerase (20). DNA polymerase is important for cellular
replication (21). PCNA expression is used as an indicator
of cell proliferation due to its effects on mitotic activity
(22,23). In this study, PCNA expression was also used as an
indicator of cell proliferation. A CCK-8 assay and western
blotting analysis of PCNA showed that the EVs isolated
from the Cur-medium inhibited RKO cell proliferation.
Bax (also called Bel-2-related X protein) is a pro-apoptotic
factor, leading to caspase activation and resulting in
apoptosis (24,25). It has been reported that Cur accelerates
cell apoptosis, and inhibits cell proliferation and invasion
in colorectal cancer cells (26). However, Bax expression
and TUNEL staining showed that the EVs isolated from
the Cur-medium had no effect on RKO cell apoptosis in
this study. Our results also showed that the EVs isolated
from the Cur-medium decreased vimentin expression but
increased E-cadherin expression in the colorectal cancer
cells. Vimentin and E-cadherin are the protein markers
of EMT. Decreased E-cadherin and increased vimentin
expression in cells indicates that the cells undergo EMT,
facilitating cell migration (27,28). These above results
showed the promising role of Cur as a therapeutic agent for
colorectal cancer treatment due to its multi-dimensional
anti-cancer properties.

NF-«B is a transcription factor that regulates the genes
implicated in the progression of carcinoma cells (29). NF-xB
p65 is the key protein in the NF-«B signaling pathway.
The inhibition of NF-xB p65 represents the classical
point responsible for the anti-cancer action of Cur (30). It
has been reported that Cur inhibits NF-kB expression in
colorectal cancer (31). Our results showed that Cur exerts
an anti-tumor effect by suppressing NF-«kB p65 in EVs.
Combined with the results of this study, it appears that Cur
not only suppresses NF-xB p65 expression in colorectal
cancer cells but also suppresses NF-kB p65 expression
in EVs.

The bioavailability of Cur is limited. In recent
years, researchers have established liposomes, micelle,
nanoparticles, phospholipid complexes, and other methods
to improve the bioavailability of Cur, (32). Osterman ez a/.
found that Cur was packaged into EVs isolated from Cur-
medium (15). EVs could become the new carrier-mediated

© Translational Cancer Research. All rights reserved.

transfer system to improve the bioavailability of Cur and
thus its clinical application. However, it was not known
whether Cur could change the functional molecules in
the EVs derived from tumors. The present study found
that Cur suppressed the expression of NF-xB p65 in EVs
derived from RKO cells. It also revealed that Cur may exert
anti-tumor effects by changing the functional molecules
in EVs derived from tumors. This study further elucidated
the anti-tumor mechanism of Cur. Importantly, due to the
function of EVs, packaging large doses of Cur into EVs for
the targeted treatment of cancer may prolong the survival
time of patients in the future.

Conclusions

Collectively, the findings of this study suggest that Cur
exerts anti-tumor effects via the suppression of NF-xB p65
in EVs to weaken RKO cell proliferation and migration.
The packaging of Cur into EVs is expected to become an
indispensable treatment of colorectal cancer in the future.

Acknowledgments

Funding: This study was supported by the Medical and
Health Science and Technology Development Program of
Shandong Province (No. 2019WS331, to C.X.).

Footnote

Reporting Checklist: The authors have completed the MDAR
reporting checklist. Available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-98/rc

Data Sharing Statement: Available at https://tcr.amegroups.
com/article/view/10.21037/tcr-24-98/dss

Peer Review File: Available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-98/prf

Conflicts of Interest: Both authors have completed the ICMJE
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-24-98/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Transl Cancer Res 2024;13(6):2596-2604 | https://dx.doi.org/10.21037/tcr-24-98


https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/dss
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/dss
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-24-98/coif

Translational Cancer Research, Vol 13, No 6 June 2024

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. XiaC, Dong X, Li H, et al. Cancer statistics in China and
United States, 2022: profiles, trends, and determinants.
Chin Med J (Engl) 2022;135:584-90.

2. Chen JE, Wu SW, Shi ZM, et al. Traditional Chinese
medicine for colorectal cancer treatment: potential targets
and mechanisms of action. Chin Med 2023;18:14.

3. Wei], Zheng Z, Hou X, et al. Echinacoside inhibits
colorectal cancer metastasis via modulating the gut
microbiota and suppressing the PI3K/AKT signaling
pathway. ] Ethnopharmacol 2024;318:116866.

4. Yu CT, Chen T, Lu S, et al. Identification of Significant
Modules and Targets of Xian-Lian-Jie-Du Decoction
Based on the Analysis of Transcriptomics, Proteomics
and Single-Cell Transcriptomics in Colorectal Tumor. ]
Inflamm Res 2022;15:1483-99.

5. Liu C, Rokavec M, Huang Z, et al. Curcumin activates
a ROS/KEAP1/NRF2/miR-34a/b/c cascade to
suppress colorectal cancer metastasis. Cell Death Differ
2023;30:1771-85.

6. Pang ], Zhuang B, Zhang LM. A co-carrier for plasmid
DNA and curcumin delivery to treat pancreatic cancer
via dendritic poly(l-lysine) modified amylose. Int J Biol
Macromol 2023;253:127467.

7. Islam MR, Rauf A, Akash S, et al. Targeted therapies
of curcumin focus on its therapeutic benefits in cancers
and human health: Molecular signaling pathway-based
approaches and future perspectives. Biomed Pharmacother
2024;170:116034.

8. Jalilian E, Abolhasani-Zadeh F, Afgar A, et al. Neutralizing
tumor-related inflammation and reprogramming of
cancer-associated fibroblasts by Curcumin in breast cancer
therapy. Sci Rep 2023;13:20770.

9. Shen Q, Pan X, Li Y, et al. Lysosomes, curcumin, and
anti-tumor effects: how are they linked? Front Pharmacol
2023;14:1220983.

10. Tong Q, Wu Z. Curcumin inhibits colon cancer malignant

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

2603

progression and promotes T  cell killing by regulating
miR-206 expression. Clin Anat 2024;37:2-11.

Ahmed AAQ, McKay TJM. Environmental and ecological
importance of bacterial extracellular vesicles (BEVs). Sci
Total Environ 2024;907:168098.

Lu Y, Godbout K, Lamothe G, et al. CRISPR-Cas9
delivery strategies with engineered extracellular vesicles.
Mol Ther Nucleic Acids 2023;34:102040.

Guo S, Huang J, Li G, et al. The role of extracellular
vesicles in circulating tumor cell-mediated distant
metastasis. Mol Cancer 2023;22:193.

Yue M, Hu S, Sun H, et al. Extracellular vesicles remodel
tumor environment for cancer immunotherapy. Mol
Cancer 2023;22:203.

Osterman CJ, Lynch JC, Leaf P, et al. Curcumin
Modulates Pancreatic Adenocarcinoma Cell-Derived
Exosomal Function. PLoS One 2015;10:0132845.
Majumdar A, Lad J, Tumanova K, et al. Machine learning
based local recurrence prediction in colorectal cancer using
polarized light imaging. ] Biomed Opt 2024;29:052915.

. Yu Z, Bai X, Zhou R, et al. Differences in the incidence

and mortality of digestive cancer between Global Cancer
Observatory 2020 and Global Burden of Disease 2019. Int
J Cancer 2024;154:615-25.

LiY, Sun J, Granados-Lépez AJ, et al. In vitro study of
miRNA-369-3p targeting T'CF4 regulating the malignant
biological behavior of colon cancer cells. ] Gastrointest
Oncol 2023;14:2124-33.

Lindmark G, Olsson L, Sitohy B, et al. qRT-PCR analysis
of CEACAMS, KLLK6, SLC35D3, MUC2 and POSTN
in colon cancer lymph nodes-An improved method for
assessment of tumor stage and prognosis. Int J Cancer
2024;154:573-84.

Schliiter C, Duchrow M, Wohlenberg C, et al. The cell
proliferation-associated antigen of antibody Ki-67: a

very large, ubiquitous nuclear protein with numerous
repeated elements, representing a new kind of cell cycle-
maintaining proteins. J Cell Biol 1993;123:513-22.

Stroik S, Carvajal-Garcia J, Gupta D, et al. Stepwise
requirements for polymerases 6 and 0 in theta-mediated
end joining. Nature 2023;623:836-41.

Leung W, Baxley RM, Traband E, et al. FANCD2-
dependent mitotic DNA synthesis relies on PCNA K164
ubiquitination. Cell Rep 2023;42:113523.

Xia F, Xie M, He ], et al. Circ_0004140 promotes lung
adenocarcinoma progression by upregulating NOVA2 via
sponging miR-330-5p. Thorac Cancer 2023;14:3483-94.
Chen J, Zhao L, Xu MF, et al. Novel isobavachalcone

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2024;13(6):2596-2604 | https://dx.doi.org/10.21037/tcr-24-98


https://creativecommons.org/licenses/by-nc-nd/4.0/

2604

25.

26.

27.

28.

derivatives induce apoptosis and necroptosis in human
non-small cell lung cancer H1975 cells. ] Enzyme Inhib
Med Chem 2024;39:2292006.

Song L, Wang J, Gong M, et al. Investigation of the
principle of concoction by using the processing excipient
Glycyrrhiza uralensis Fisch. juice to reduce the main
toxicity of Dioscorea bulbifera L. and enhance its

main efficacy as expectorant and cough suppressant. J
Ethnopharmacol 2024;319:117372.

Liu G, Chen J, Bao Z. Promising antitumor effects of the
curcumin analog DMC-BH on colorectal cancer cells.
Aging (Albany NY) 2023;15:2221-36.

LuJ, Kornmann M, Traub B. Role of Epithelial to
Mesenchymal Transition in Colorectal Cancer. Int ] Mol
Sci 2023;24:14815.

Sabouni E, Nejad MM, Mojtabavi S, et al. Unraveling
the function of epithelial-mesenchymal transition (EMT)

Cite this article as: Xu C, Liu C. Extracellular vesicles isolated
from curcumin-medium weakened RKO cell proliferation
and migration. Transl Cancer Res 2024;13(6):2596-2604. doi:
10.21037/tcr-24-98

© Translational Cancer Research. All rights reserved.

29.

30.

31.

32.

Xu and Liu. EVs from Cur-medium weakened RKO proliferation and migration

in colorectal cancer: Metastasis, therapy response, and
revisiting molecular pathways. Biomed Pharmacother
2023;160:114395.

Zhang L, Ludden CM, Cullen AJ, et al. Nuclear factor
kappa B expression in non-small cell lung cancer. Biomed
Pharmacother 2023;167:115459.

Lu L, Przybylla R, Shang Y, et al. Microsatellite Status
and IxBa Expression Levels Predict Sensitivity to
Pharmaceutical Curcumin in Colorectal Cancer Cells.
Cancers (Basel) 2022;14:1032.

Mortezaee K, Najafi M, Farhood B, et al. NF-«B targeting
for overcoming tumor resistance and normal tissues
toxicity. J Cell Physiol 2019;234:17187-204.

Abd El-Hack ME, El-Saadony M'T, Swelum AA, et al.
Curcumin, the active substance of turmeric: its effects on
health and ways to improve its bioavailability. ] Sci Food
Agric 2021;101:5747-62.

Transl Cancer Res 2024;13(6):2596-2604 | https://dx.doi.org/10.21037/tcr-24-98



