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Abstract. Colorectal cancer is a life-threatening and prevalent
type of cancer. However, a number of current treatments have
serious side effects, which increase the need for alternatives.
Non-steroidal anti-inflammatory drugs have potential chemo-
preventive capabilities. The present study aimed to confirm
this, as well as to investigate potential pathways and reasons
for this trait. To accomplish this, cancerous Colo320 and
healthy CCD-18 cells were treated with various concentra-
tions of naproxen sodium (NS). A caspase-3 assay revealed
a statistically significant increase in caspase-3 activity in
Co0l0320 cells (300%; P<0.01), but not in CCD-18 cells. This
chemical was also associated with a significant decrease in
Col0320 cell survival (-72.888%; P<0.01), but not CCD-18 cell
survival. Furthermore, NS was found to significantly decrease
the migration of Colo320 cells (86.58%; P<0.01). Finally,
RNA sequencing of cells treated with NS revealed the statisti-
cally significant downregulation of the mucin 5B, oligomeric
mucus/gel-forming, S100 calcium binding protein A9 and
mucin 5AC, oligomeric mucus/gel-forming genes, which are
upregulated in colorectal cancer and are known to contribute
to cancer proliferation, stemness and drug resistance. These
novel biological pathway results were further confirmed
using ELISAs. The present study identified a novel molecular
mechanism of the anti-colorectal cancer activity of NS.

Introduction

Colorectal cancer, also known as colon cancer, is a type of
cancer that occurs in the colon or rectum. Cells that undergo
mutation may grow and divide at an unusual rate and fail to
undergo standard apoptosis. Thus, such cells may develop
into unnatural growths known as polyps, which if left alone,

Correspondence to: Dr Wei Zhu, Neuroscience Research Institute
at The State University of New York at Old Westbury, 223 Store Hill
Road, Old Westbury, NY 11568, USA

E-mail: zhuwei_69@yahoo.com

Key words: naproxen, colorectal cancer, colo320, nonsteroidal
anti-inflammatory drugs, ccd-18, apoptosis

can develop into cancerous tumors (1). According to the
American Society of Clinical Oncology, the current treatment
methods for colorectal cancer can be categorized into three
types: Surgeries, radiation therapies and medication thera-
pies (2). Surgeries typically involve the physical removal of
the cancer and are also used to mitigate certain symptoms of
colorectal cancer, such as in cases where the large intestine is
blocked/damaged by cancer, preventing proper exocrine func-
tion. However, such operations can also result in side effects
such as constipation and diarrhea. Radiation therapy, on the
other hand, removes cancer using high-frequency waves. This
is often used to complement surgeries, such as by removing
small tumors that are difficult to remove surgically. Side
effects range from fatigue to bleeding in the rectum. Finally,
treatments with medication utilize various drugs to eliminate
or prevent the replication of cancer cells through chemotherapy
or targeted therapy. Some medications also aim to increase the
capabilities of the immune system of the body. Side effects
tend to be drug-specific (2).

Naproxen (NS) is typically known for its use as a
non-steroidal anti-inflammatory drug (NSAID) and has been
a subject of research due to its potential use as a medical
treatment in the form of chemotherapy. In 2014, a study by
the Women's Health Initiative (3) concluded that NSAIDs
were associated with reduced risks of colorectal cancer and
could have chemopreventive effects. Possible chemopreventive
effects of a hydrogen sulfide-releasing NS were also supported
by a study that used a xenograft mouse model. The study also
revealed that NS could inhibit growth via downregulation of
NF-«B 4). In 2019, an in vivo study on rats further demon-
strated the potential for aspirin and NS to fight colorectal
cancer, including through enabling apoptosis via caspase-3 (5).
A previous study on the effects of NS in patients with Lynch
syndrome, which increases the probability of developing
colorectal cancer, found that NS was safe to use, boosted
immune activity in humans and exerted chemopreventive
effects in mice (6). While studies such as the aforementioned
ones have demonstrated that NS may have chemopreventive
properties, fewer studies have analyzed the association between
NS and the activation of specific pathways in colon cells, such
as apoptosis. In the present study, it was hypothesized that
NS may have a variety of beneficial effects in fighting and
limiting colorectal cancer. The present study aimed to reveal
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the impacts of NS on relevant biological cell pathways and its
effects on cancer cell survival and proliferation.

Materials and methods

Cell culture. Colo320 (Colo 320DM; cat. no. CCL-220) and
CCD-18 cells (CCD-18Co; cat. no. CRL-1459) were obtained
from American Type Culture Collection and used in the
experiments. The cells were cultured in cell culture flasks with
Eagle's Minimum Essential Medium (MEM) supplemented
with 10% FBS, both of which were supplied by Thermo
Fisher Scientific, Inc. MEM was replaced weekly. Cells were
incubated at 37°C with 5% CO,. For the assays, 96-well plates
contained 100 1 MEM and ~10,000 cells per well, and 6-well
plates contained 2 ml MEM and ~200,000 cells per well.

Molecular docking. PyRx version 0.8 (https:/pyrx.sourceforge.
i0/) was used for molecular docking analysis to help identify
potential targets for NS in colorectal cancer cells. Images
were generated of the interactions via BIOVIA Discovery
Studio Visualizer v21.1.0.20298 (https://discover.3ds.
com/discovery-studio-visualizer-download).

Dilutions. NS caplets (Sigma-Aldrich; Merck KGaA) dissolved
in water were obtained at a concentration of 83.5 mM. Serial
dilutions were used to obtain four more different concentra-
tions of NS. These five total concentrations were then used for
each assay, occasionally further diluted by differing quantities
due to the differing procedures of each specific assay.

Caspase-3 assay. The caspase-3 assay (cat. no. BAQO009;
G-Biosciences) was performed according to the manufacturer's
protocol (7). Cells were cultured in a 6-well plate and treated
with 10 ul per well of the respective chemicals at various
concentrations. After treatment and incubation, the cells were
collected in 1.5-ml tubes with 50 ul caspase lysis buffer and
stored at -20°C for 24 h. The assay was performed in a 96-well
plate in triplicates per sample. Each well of the 96-well plate
contained 50 pl caspase assay buffer, 45 ul caspase lysis buffer,
5 pl lysed sample and 5 pl caspase-3 substrate. The application
‘microplate manager 6’ version 3.2.1 by Bio-Rad Laboratories,
Inc. was used to obtain absorbance data at a wavelength of
415 nm. Data points were collected every 15 min for 60 min.
Percent changes in caspase-3 activity were calculated using
the following equation: [(Treatment group absorbance-control
absorbance)/control absorbance] x100%=% change in caspase
activity.

MTT assay. Colo320 cells were seeded into a 96-well plate.
Each well received 5 ul of the respective treatments. The plate
was divided into six groups of 16 wells each for the five concen-
trations of treatments and the control. The plate was then placed
in an incubator at 37°C for two different time periods of 24 h
and 1 week. For assays lasting 1 week, media were replaced
and treatment was re-added at the same concentration on the
fourth day. After the respective time period, 10 ul MTT was
added to each well. After 90 min, 80 ul DMSO was added to
each well. After ~10 min, the wells were transferred to a spec-
trophotometer, and ‘microplate manager 6’ was used to obtain
absorbance data at a wavelength of 595 nm. The percentage

cell survival was calculated using the following equation:
(Treatment group absorbance/control absorbance) x100%=%
cell survival.

Cell migration assay. The cell migration assay was performed
only on the cancerous cell line because the cancerous cell line
was the one relevant to NS's effects on the migratory ability of
colorectal cancer. Colo320 cells were seeded into two 6-well
plates at ~80% confluency. One plate received no treatment and
the other received 10 ul of 41.75 uM NS. A total of three rela-
tively straight, horizontal scratch lines were made on each well
using a 200-ul pipette tip. Each well was provided with 2 ml
Eagle's Minimum Essential Medium (MEM) supplemented
with 5% fetal bovine serum (FBS), after which the plates were
placed in an incubator and stored for 24 h at 37°C. Images
were captured of each well at 0 and 24 h. Measurements were
made regarding the vertical distance of each scratch mark in
each image using a compound light microscope [AMScope
version x64, 4.8.15934.20191112 (https://amscope.com/)
(AmScope) and MS Paint (Microsoft Corporation)]. The
percentage of wound closure was calculated for each group
using the following equation: [(0 h average distance-24 h
average distance)/0 h average distance] x100%=% increase in
cell distance.

RNA sequencing. RNA sequencing was selected over DNA
microarray due to a variety of advantages, including avoiding
systematic biases, increased number of detectable splices,
and ability to detect a wider range of expression changes,
as demonstrated by studies over the past decade (8,9).
Similar to cell migration, the test was performed only on
the cancerous cell line because the cancerous cell line
was the one relevant to NS's effects on the gene expres-
sion of colorectal cancer. RNA sequencing services were
provided by Azenta, Inc. Sequencing was performed using
the methods listed online (https:/fs.hubspotusercontent00.
net/hubfs/3478602/13002-SD-2%201221%20RNA-Seq%20
Technical%20Specs%20Sell%20Sheet.pdf).

ELISA. ELISA kits [Human MUCSAC (Mucin 5 Subtype
AC) ELISA kit, cat.no. E-EL-H2279; and human MUCS5B
(Mucin 5 Subtype B) ELISA kit, cat.no. E-EL-H2280] were
obtained from Elabscience Biotechnology, Inc. All reagents,
apart from DI water, were provided in the kits. The ELISA
was performed according to the manufacturer's protocol (10).
The assay was performed in 34 wells of a 96-well plate. A
total of 16 wells contained 100 pl of varying concentrations
of standard; six more contained control, 4.175 or 41.75 uM
NS treatments of Colo320 cells. The plate was incubated for
90 min at 37°C. Subsequently, 100 pl Biotinylated Detection
Ab working solution was added to each well, followed by 1 h
of incubation. The wells were then washed three times before
100 p1 HRP Conjugate working solution was added to each
well and incubation was performed for another 30 min. After
five more washes, 90 ul Substrate Reagent was added to each
well, followed by 15 min of incubation. Finally, 50 ul Stop
Solution was added to each well before the optical density
was measured using ‘microplate manager 6’. The mucin SAC,
oligomeric mucus/gel-forming (MUCS5AC) concentration was
calculated for each treatment and the control via the equation
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provided by the standard curve was generated by the 16 wells
of standard.

Statistical analysis. Experiments were repeated 3 times. Data
were presented as the mean + 5-10% error. For all statistical
analyses including multiple groups, two-tailed one-factor
ANOVA tests were performed in Microsoft Excel (Microsoft
Corporation) with P<0.05 considered to indicate a statistically
significant difference. For statistically significant ANOVA
results, Dunnett's was used in post-hoc tests with control and
performed in Microsoft Excel. In cases where ANOVA was
not applicable, two-tailed t-tests were performed in Google
Sheets with a 95% confidence interval and P<0.05.

Results

Binding of NS to critical molecules. Molecular docking
analysis using PyRx demonstrated the potential for NS to
bind to molecules relevant to colorectal cancer, including Fas
receptor with a Vina binding affinity of -6.3 (PDB ID: 1DDF),
TRAIL with a Vina binding affinity of -6.2 (PDB ID: 1D2Q),
caspase-3 with a Vina binding affinity of -7.2 (PDB ID:
INMS), and MMP9 with Vina binding affinities of -7 (PDB
ID 1L6J),-6.8 (PDB ID 1GKD) and -6.5 (PDB ID 1GKC), as
observed in Figs. S1-6, respectively.

Effects of NS on cell survival. Caspase-3 assays were performed
on two cell lines: CCD-18 and Colo320 cells. The combined
results of the caspase-3 assays are shown in Fig. 1. Using
the control as a baseline, all treatment groups exhibited an
increase in caspase-3 activity. The 0.04175,0.4175, 4.175, 41.75
and 417.5 uM treatments of Colo320 cells increased caspase-3
activity by 250, 550, 200, 550 and 300%, respectively. A
two-tailed ANOVA at P<0.05 demonstrated statistical signifi-
cance within groups for Colo320, but not CCDI18 (P=0.17,
P<0.001, respectively). Post-hoc Dunnett's tests revealed that
only the 0.4175 and 41.75 uM treatments for Colo320 were
statistically significant (P=0.999, P<0.001, P=0.999, P<0.001,
P=0.052, respectively).

Based on these data, MTT assays for the Colo320 cell line
were performed. The results of 24-h tests are demonstrated
in Fig. 2. Using the control as a baseline, all treatment groups
exhibited a decrease in Colo320 cell survival. The 0.4175,4.175,
41.75, 417.5 and 4,175 uM treatments decreased Colo320 cell
survival rates by 20.86, 37.24, 19.45, 43.22 and 44.40%,
respectively. A two-tailed ANOVA at P<0.05 demonstrated
significance (P<0.001), and post-hoc Dunnett's tests revealed
that every treatment was statistically significant (P=0.015,
P<0.001, P=0.027, P<0.001 and P<0.001, respectively).

Additional assays using the same treatment conditions
were performed using Colo320 cells incubated for a week
rather than a day. The results are revealed in Fig. 3. Using
the control as a baseline, three treatment groups exhibited an
increase in percentage of cell survival, while two exhibited a
decrease in percentage of cell survival. A two-tailed ANOVA
at P<0.05 showed statistical significance between groups
(P<0.001); a post-hoc Dunnett's test revealed that only the
result of the 4,175 yM treatment was statistically significant
(P=20.999, P=20.999, P=20.999, P==>0.999 and P<0.001,
respectively).
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Comparison of CCD-18 and Colo320 caspase-3 activity following
treatment with naproxen sodium after 24 h
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Figure 1. Caspase assay (24 h) following treatment with naproxen sodium at
varying concentrations in CCD-18 (left) and Colo320 (right) cells. The per-
centage of increase in caspase-3 activity for each treatment group compared
with the control is shown. The error bar percentage is 5%. ““P<0.001.
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Figure 2. MTT assay (24 h) of the effect of treatment with naproxen sodium
at varying concentrations on Colo320 cells. The percent decrease in cell sur-
vival for each treatment group compared with the control is demonstrated.
The error bar percentage is 10%. “P<0.05 and “"P<0.001.

All aforementioned assays were performed on Colo320
cancer cells; however, assays were also performed on healthy
cells to test for potentially harmful effects on surrounding
non-cancerous cells. An MTT assay of healthy CCD-18
cells was performed, the results of which can be observed in
Fig. 4. Using the control as a baseline, one group (0.4175 yuM
treatment) exhibited a decrease in percentage of cell survival,
whereas the remaining four groups, and notably the groups
treated with the higher half of concentrations, exhibited an
increase. However, a two-tailed ANOVA at P<0.05 demon-
strated no statistical significance (P=0.596).

Effects of NS on cell migration. A scratch cell migration assay
was also performed using Colo320 cells to assess the effect
of treatment with NS on the capability of colorectal cancer
cells to regenerate and migrate. The results are demonstrated
in Fig. 5. Representative images captured for the 0-h control,
0-h treatment, 24-h control and 24-h treatment wells can
be observed in Figs. S7-S10, respectively. While the control
group exhibited a decrease in cell distance and demonstrated
wound closure, the treatment group instead exhibited a
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Figure 3. MTT assay (7 days) of the effect of treatment with naproxen sodium
at varying concentrations on Colo320 cells. The percentage of change of cell
survival for each treatment group compared with the control is demonstrated.
“P<0.001.
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Figure 4. MTT assay (24 h) of the effect of treatment with naproxen sodium
at varying concentrations on CCD-18 cells. The percentage of change of cell
survival for each treatment group compared with the control is demonstrated.
The error bar percentage is 10%.

slight increase in cell distance. A two-tailed t-test at P<0.05
revealed that the control group's results were statistically
significant (P<0.001), while the treatment group's results
were not (P=0.338).

Effects of NS on gene expression. RNA sequencing was
performed to analyze the impact of NS treatment on gene
expression of Colo320 cells and its potential association with
the aforementioned outcomes with regards to cell survival,
caspase-3 expression and cell migration. The results are
revealed in Fig. 6. RNA sequencing of cells treated with
NS revealed, after adjusting the P-value, that the difference
in expression of exclusively three genes compared with the
control samples was statistically significant. The three genes
were: Mucin 5B, oligomeric mucus/gel-forming (MUCS5B),
S100 calcium binding protein A9 (S100A9) and MUCS5AC.
The log, fold change was -1.044591508, -1.735671752 and
-1.403844476, respectively, with P-values of 1.52x10°3,
1.04x107 and 5.55x107'%, respectively, and adjusted P-values of
1.68x10**, 4.62x10% and 1.23x107, respectively.
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Figure 5. Migration assay (24 h) following treatment of Colo320 cells with
varying concentrations of naproxen sodium. The percentage of decrease in
distance between cells at 24 h compared with 0 h. The error bar percentage
is 10%. ""P<0.001.

An ELISA was performed to corroborate the results of
RNA sequencing (Fig. 7). Using the control as a baseline,
both treatment groups exhibited a decrease in MUCSAC and
MUCSB protein expression. A two-tailed ANOVA showed that
both MUCS5AC and MUCS5B levels were significantly different
in response to NS treatment (P<0.001 and P=0.032). Post-hoc
Dunnett's tests demonstrated that the levels of MUCSAC were
significantly different in both treatment groups (P<0.001 and
P<0.001), whereas MUCS5B levels were only significantly
different in the 4.175 uM NS group, but not in the 41.75 uM
treatment group (P=0.01733 and P=0.999).

Discussion

The caspase-3 assay suggested that treatment with NS increased
caspase-3 activity in Colo320 cells, especially since no treat-
ment resulted in a decrease in caspase-3 activity. However,
this appears to contradict previous findings on the nature of
NSAIDs (11). This apparent contradiction may have been due
to the testing of NS in cancer cells as opposed to healthy cells,
a possibility reinforced by the lack of a statistically significant
increase in caspase-3 activity in most CCD-18 cell treatment
groups. However, the Colo320 cell results also confirmed the
previously mentioned study which found that aspirin and NS
could fight colorectal cancer in rats via increased caspase-3
activity (5), as caspase-3 is a known apoptotic marker (12).
Combined with the caspase-3 assay, the results of the
first MTT assay demonstrated that treatment of colorectal
cancer cells with NS induced apoptosis, leading to cell death.
However, the second MTT assay demonstrated that over
time, the effects of the treatment weakened if the treatment
was not maintained at high concentrations. Additionally, the
third MTT assay discovered no evidence that NS caused any
change in the survival of non-cancerous, healthy cells. This
finding was also consistent with the finding of the present
study that treatments with NS had no statistically significant
impact on caspase-3 activity in healthy cells. These findings
were reflected clearly in Figs. 1 and 2. The former revealed
how all treatments resulted in a large increase in Caspase-3
activity for Colo320 cells, and how those changes were signifi-
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Gene.name ID Log2 fold-change pvalue padj
MUC5B ENSG00000117983 —1.044591508 1.52E-08 0.000168175
S100A9 ENSG00000163220 —1.735671752 1.04E-05 0.046226055
MUCS5AC ENSG00000215182 —1.403844476 5.55E-10 1.23E-05

Figure 6. Results of RNA sequencing of cells treated with naproxen sodium. The columns demonstrate, from left to right, the name of the gene, the ID of the
gene, the change in expression on a log, scale (-1 is halving and -2 is quartering), the P-value for the result and the adjusted P-value after including factors such

as the number of samples run.

Percent decrease in MUC5AC & MUC5B expression
following 24 h NS treatment
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Figure 7. Results of ELISA following naproxen sodium treatment. MUCS5B
(left) and MUCSAC (right). The percentage of decrease in gene expres-
sion compared with the control is demonstrated. MUCSAC, mucin 5AC,
oligomeric mucus/gel-forming; MUCS5B, mucin 5B, oligomeric mucus/
gel-forming. "P<0.05 and ““P<0.001.

cantly smaller for CCD-18 cells. The latter revealed how all
treatments of Colo320 resulted in a statistically significant
decrease in cell survival.

Cell migration assay results demonstrated that NS treat-
ment resulted in a lack of change in cell distance, implying
that NS treatment resulted in decreases in the migration of
Col0320 cells.

Based on RNA sequencing, the MUCS5B, S100A9 and
MUCSAC genes were downregulated significantly, and all
three are known to be upregulated in cancer cells (13-15). While
there is less known about the impact of MUC5B on cancer, it
is known to be a useful biomarker and may be responsible for
increased proliferation and migration of colorectal and lung
cancer cells (13,16). Blocking of S1I00A9 is known to suppress
colorectal cancer cell stemness as well as general growth (14).
Lastly, overexpression of MUCSAC results in higher cell inva-
sion and migration and is additionally known to make cancer
cells more resilient by decreasing the probability of triggering
apoptosis and increasing cell resistance to two important drugs
for treating cancer, fluorouracil and oxaliplatin (15). Together
with the caspase-3 and MTT assays of the present study, NS
downregulation of all three of these genes indicates a novel
explanation for NS's chemo preventive and anticancer effects
that was not discovered in previous studies, which had instead
suggested inhibition of COX-2, inhibition of NF-kB signaling,
reduction of PGE2 and multi-caspase inhibition (3,4,6,11). This
further explains how NS impacts cancerous Colo320 cells but
not healthy CCD-18 colon cells.

The ELISAs further confirmed and quantified the results
of RNA sequencing. Both MUCS5B and MUCS5AC exhibited

noticeable and statistically significant decreases in expression,
ranging between 11.97 and 30.33%.

These results can be explained by a CD44 and
MMP9-dependent signaling pathway. Changes in MMP9
expression have been found to lead to corresponding changes
in MUC5AC and MUCS5B expression (17,18). Additionally,
S100A9 and CD44 are known to be involved in the regula-
tion of MMP9 (19,20). Notably, CD44 has been discovered to
associate with MMP9 on the cell surface, and CD44 activity
has been revealed to trigger MMP9 expression and lead to
invasion (20). Hyaluronic acid-coated NS has already been
tested and revealed to be able to target cells with high CD44
expression, demonstrating that CD44 may act as the initial
receptor from which NS may selectively affect colorectal
cancer cells (21). Furthermore, the present molecular docking
analysis indicated the potential for NS to bind directly to
MMP9, which may be another way NS could interact with this
pathway to influence MUCS5AC and MUCSB expression.

The present study has notable limitations. Firstly, there was
large variance in the results of the caspase assay, such that the
treatments of 4.175 and 417.5 uM for Colo320 cells were not
statistically significant. Although all treatments resulted in a
large increase in Caspase-3 activity for Colo320 cells, further
study may be warranted to examine why the results were not
linear. A similar question could be posited for the 41.75-uM
treatment of Colo320 cells during the 24 h MTT assay; a linear
relationship between NS concentration and Colo320 cell death
would predict the aforementioned treatment to cause a larger,
not a smaller, decrease in Colo320 cell survival.

Additionally, the only points at which data was collected for
MTT and Caspase assays were at 24 h and 7 days. More time
points between these, or tests for longer periods, could provide
further insight into the present study's findings. Furthermore,
other tests such as a TUNEL assay or immunohistochemistry
assays for apoptotic markers could be used in the future to
confirm these results.

The cell migration assay also was performed on only one
treatment group. Tests utilizing multiple treatment groups of
different concentrations could provide insight on the necessary
concentration of NS to reach the identified effect, as well as the
precise nature of the relationship between NS concentration
and wound healing.

With regards to mechanism, the present study performed
RNA sequencing on only Colo320 cells. RNA sequencing
of CCD-18 could provide further insight into changes in
gene expression between CCD-18 and Colo320, as well as
provide further information on the effects of NS on healthy
colorectal cells. Confirmation for the change in expression
of MUCS5AC and MUCSA could also be checked via a
DNA microarray. Other studies, such as loss-of-function or
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other assays, could further improve on this via confirma-
tion of results or analysis into other apoptosis-related genes
not examined in the present study, such as Bax, Bcl-2, or
Caspase 7. Such tests could also help confirm the role of the
PI3K/Akt pathway, which the present study was unable to
confirm (22).

Furthermore, while the results of the ELISAs were able to
confirm a decrease in MUCS5AC and MUC5B concentration,
the decrease was less marked when the treatment concentra-
tion was increased, resulting in a lack of statistical significance
for the 41.75 uM treatment group regarding MUCSB. Future
tests analyzing more treatment concentrations and using larger
sample sizes could be useful for better identifying the precise
relationship between NS concentration and MUCSAC and
MUCSB levels.

In conclusion, based on the increased caspase-3 activity
and decreased survival of the tested Colo320 colon cancer
cells, treatment with NS could induce apoptosis in colorectal
cancer cells. Furthermore, the present study revealed no
evidence that NS exhibited any such effect on healthy cells.
Additionally, the results of the cell migration assay revealed
that NS was capable of reducing cancer cell migration and
regeneration. Based on RNA sequencing, it was hypoth-
esized that these capabilities are due to the ability of NS to
downregulate the MUCS5B, S100A9 and MUCS5AC genes,
potentially through a CD44 and MMP9-dependent pathway,
which is responsible for causing decreased cancer cell
proliferation, migration, invasion, stemness and resilience to
treatment with other drugs.
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