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Abstract

Background: Three-dimensional (3D) cell culture systems provide superior simulation of the tumour
microenvironment compared to traditional two-dimensional (2D) cultures. Chemoprevention agent curcumin analog-1.1
(CCA-1.1), a synthetic curcumin derivative, has demonstrated promising anticancer properties against triple-negative
breast cancer (TNBC). This study aimed to develop and use a 3D agarose-based culture system for MDA-MB-231 cells
to comprehensively evaluate the efficacy of CCA-1.1 as an anticancer agent. Methods: MDA-MB-231 breast cancer
cells were cultured in both a 2D monolayer and a 3D agarose-based spheroid system. Cytotoxicity was assessed using
CCK-8 assays, and IC, values were determined. Spheroid formation capacity was evaluated and compared with that of
doxorubicin. Propidium iodide staining was performed to assess cell viability and structural integrity. Gene expression
analysis of epithelial-mesenchymal transition (EMT) markers and metastasis-related proteins (E-cadherin, MMP2, and
MMPY) was conducted using qRT-PCR. Results: CCA-1.1 demonstrated IC, values of 1.48+0.28 uM in 2D cultures
versus 6.12+0.27 uM in 3D cultures, while doxorubicin showed IC, values of 0.79+0.22 uM (2D) and 2.65+0.3 uM
(3D). CCA-1.1 reduced spheroid formation by 40% compared to controls, whereas doxorubicin achieved 96% inhibition.
Propidium iodide staining showed that CCA-1.1 induced cell death while preserving the spheroid structure, unlike
doxorubicin, which disrupted the architecture. Expression level analysis revealed that CCA-1.1 reduced MMP2 (0.15-
fold, p=0.0001) and MMP9 (0.25-fold, p<0.0001) levels while increasing E-cadherin levels by 1.54-fold (p=0.379).
Conclusion: Our study using a 3D agarose-based spheroid culture confirms the cytotoxicity of CCA-1.1 against
MDA-MB-231 and showed that the compound inhibited spheroid formation and epithelial-mesenchymal transition,
and reduced the expression levels of matrix metalloproteinases. These data support the development of CCA-1.1 as a
candidate chemotherapeutic agent for TNBC.
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Introduction

Triple-negative breast cancer (TNBC) is a subtype of
breast cancer with the absence of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) expression, which presents
high invasiveness and poor prognosis [1, 2]. Such a lack
largely restricts available therapies and thus implies a
dismal prognosis of TNBC, with higher mortality than
other molecular subtypes [2, 3]. TNBC accounts for
about 15-20% of breast cancer worldwide, and tends to

be diagnosed in younger women. Its aggressive behavior
results in metastasis at an early stage with substantial
clinical and socio-economic implications [4]. Despite
chemotherapy continuing to be a mainstay approach in
treatment practice, it is clouded by matters like drug
resistance and severe side effects that hinder the long-
term effectiveness of therapies [3, 5]. This highlights
the pressing need to develop new therapeutic drugs with
greater efficacy and lower toxicity to improve patient
survival outcomes [2, 6].

To address this therapeutic problem, curcumin and
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its derivatives have been shown to possess potential
anticancer effects in different types of cancers [7].
Chemoprevention Curcumin Analog-1.1 (CCA-1.1),
a curcumin structural analog, has shown significant
anticancer effects in laboratory studies against various
cancer cells, including breast cancer, colon cancer,
chronic myeloid leukemia, and hepatocellular cancer cells
[8-12]. These compounds exert multiple mechanisms,
including cell cycle arrest, induction of apoptosis, and
suppression of cancer cell migration and invasion, which
are highly attractive for TNBC therapy [8]. Expanding
on its potential, CCA-1.1 has demonstrated antimigratory
activity and the ability to sensitize tumor cells to cytostatic
drugs through synergistic mechanisms, suggesting it may
serve as a co-therapeutic agent.

Despite these strides in agent discovery, conventional

in vitro assessments in two-dimensional (2D) cell culture
settings often poorly simulate the three-dimensional
tumor niche and lead to the exaggeration of drug activity
by virtue of lacking interactions with the extracellular
matrix and tissue architecture [13]. On the other hand,
3D culture more closely reflects in vivo conditions, such
as nutrient gradients and cell-to-cell interactions, thereby
eliciting more physiologically relevant drug responses [5,
14]. MDA-MB-231 cells, a commonly used TNBC cell
line, are also more resistant to drugs in 3D than in 2D
cultures, underscoring the need of test novel compounds
in both culture systems to improve clinical relevance
[15, 16]. In addition, the evaluation of other phenotypic
endpoints, including spheroid-forming ability, cell death
mechanisms, expression of epithelial-mesenchymal
transition (EMT), and metastasis-associated genes within
the 3D model systems, offers a more thorough mechanistic
understanding of drug response, going beyond mere
assessment of cytotoxicity.
Therefore, in this study, we aimed to develop an agarose-
based spheroid of MDA-MB-231 cells to assess and
compare the cytotoxicity of CCA-1.1 and to evaluate
its effectiveness relative to doxorubicin, a control
anthracycline-based chemotherapy drug, in 2D monolayer
and 3D spheroidal models. We would therefore expect that
3D cultures would exhibit a higher IC, value, consistent
with the drug-resistant tumour microenvironment, and that
CCA-1.1 could exhibit potential multi-targeted anticancer
activity (inhibition of cancer stem cell populations,
induction of apoptosis, regulation of EMT markers,
and inhibition of EMT-associated genes) that could be
developed into a therapeutic agent for TNBC.

Materials and Methods

Cell Culture and Compounds

The MDA-MB-231 triple-negative breast cancer cell
line (ATCC HTB-26) was from the Functional Genomics
and Medicine Laboratory, Division of Biological Science,
Nara Institute of Science and Technology, Ikoma, Nara,
Japan. The MDA-MB-231 cell line was studied in both 2D
and 3D culture. The cells for 2D monolayer models were
kept in Dulbecco’s Modified Eagle Medium (DMEM;
Gibco, Thermo Fisher Scientific, USA) containing 10%
foetal bovine serum (FBS; Gibco, USA), and incubated
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at 37°C in a humidified 5% CO: atmosphere. For 3D
models, the same DMEM was supplemented with 10%
FBS, 1 pg/mL hydrocortisone, 20 ng/mL epidermal growth
factor (EGF), and 2 ng/mL transforming growth factor-p1
(TGF-B1), all from Sigma-Aldrich (USA). Doxorubicin
(FUJIFILM Wako, Japan) was used as the reference drug
for cytotoxicity in triple-negative breast cancer. CCA-1.1,
synthesized at CCRC, UGM, Indonesia, and characterized
as described previously [ 10], was used as an experimental
compound and dissolved in dimethyl sulfoxide (DMSO;
Merck KGaA, Germany). The final concentration of
DMSO in cell cultures was <0.5% (v/v).

Cytotoxicity and Proliferative Assay

Cell viability and cytotoxicity were assessed using
the Cell Counting Kit-8 (CCK-8; Dojindo Molecular
Technologies, Japan) according to established protocols.
For 2D models, 5 % 10? cells per well were seeded in 96-
well plates, incubated for 24 hours, and then treated with
serial concentrations of doxorubicin and CCA-1.1 (0.125—
8 uM), followed by the addition of CCK-8 reagent and a
2-hour incubation before absorbance was measured at 450
nm to assess cell viability. For 3D models, spheroids were
generated by seeding cells in 1.5% (w/v) agarose-coated
96-well plates and allowing spheroid formation over 72
hours. Spheroids were treated with CCA-1.1 (1-30 uM)
for 96 hours. Post-treatment, cell viability was quantified
using the CCK-8 assay, and absorbance was read at 450
nm. Spheroid morphology was monitored daily using an
inverted microscope.

Spheroid Forming Assay

MDA-MB-231 cells were treated with CCA-1.1 at
the IC,, concentration (6 uM) before being resuspended
in medium (DMEM/F12 supplemented with 2 mM
L-glutamine, 20 ng/mL EGF, 10 ng/mL bFGF) (Gibco/
Sigma-Aldrich, USA). A total of 5 x 10* cells per well
were seeded onto 24-well agarose-coated plates using
500 pL of medium per well, and the plates were incubated
for 7 days at 37°C in 5% CO2. Daily observations
were recorded at 10x magnification using an inverted
microscope. Spheroid diameter and area were analyzed
using ImageJ (NIH, USA) with a minimum size threshold
of 300 um. The spheroid diameter of 300 um or larger is
anticipated to be composed of three concentric layers,
which represent the proliferating, quiescent, and necrotic
cores [17]. Spheroid-forming potential was expressed as
the number of spheroids per 50,000 cells (£SE) from three
independent replicates.

Propidium Ilodide Staining for Evaluation of Spheroid
Response

We conducted the experiment to evaluate spheroid
response using propidium iodide (PI) staining, as described
by Briiningk et al. [18]. The MDA-MB-231 cells (1 x 10*
per well) were seeded onto 96-well agarose-coated plates
and cultured for 3 days to form spheroids. Spheroids were
treated with CCA-1.1 at the IC, concentration (6 uM)
for 24 hours. Post-treatment spheroids were stained with
propidium iodide (PI; Sigma-Aldrich, USA) at 5 pg/mL in
serum-free DMEM/F12 medium for 10 minutes at room



temperature in the dark. After PBS washing, spheroids
were transferred to glass-bottomed imaging plates
and examined using confocal microscopy (LSM 900;
Zeiss, Germany) with a 40x objective. PI fluorescence
(excitation 535 nm, emission 617 nm) was detected via
z-stack imaging at 10 um intervals to visualize dead cells.

qRT-PCR

Total RNA from CCA-1.1-treated 3D spheroids
at the IC, for 24 hours was extracted using the Total
RNA Mini Kit (Favogen Biotech, Taiwan) according
to the manufacturer’s instructions. After gDNA Eraser
treatment, 1 ng RNA was reverse transcribed using
PrimeScript RT Reagent Kit (Takara Bio, Japan). cDNA
samples were amplified in triplicate using SYBR Premix
Ex Taq II and LightCycler 96 PCR System (Roche,
Swiss) with the following conditions: 95°C for 1 minute;
45 cycles at 95°C for 10 seconds, 55°C for 30 seconds,
and 72°C for 20 seconds; followed by dissociation curve
analysis. Dissociation curves confirmed specific target
amplification. Gene expression data were analyzed using
the AACt method with GAPDH as an internal control.
Fold-changes were expressed as mean + SE from three
replicates. Primer sequences for EMT markers and
GAPDH are listed in Table 1.

Data Analysis

IC,, values were determined by nonlinear regression
using Microsoft Excel, based on at least three independent
replicates per condition. Statistical analysis of the
Spheroid Forming Assay was performed using GraphPad
Prism (version 9.0; GraphPad Software, USA) with
unpaired t-tests (p<0.05). Results are expressed as
meantstandard deviation (SD). Statistical comparisons
between 2D and 3D conditions were made using unpaired
t-tests, and significance was set at p<0.05.
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Results

Spheroid formation in 3D agarose culture

MDA-MB-231 cells seeded on 1.5% (w/v) agarose
produced compact, uniformly spherical aggregates within
72 h. Mean spheroid diameter increased, and after which
size plateaued. No spontaneous disintegration or necrotic
core formation was observed during the 96 h treatment
window, confirming model stability for drug-response
analyses.

Cytotoxicity in 2D monolayer and agarose-based 3D
spheroid cultures

Dose-response curves generated with the CCK-8 assay
revealed sub-micromolar potency for all compounds.
Doxorubicin produced the IC, (0.79 + 0.22 uM) and
CCA-1.1 (1.48 £ 0.28 uM). Cell morphology after 48
h displayed typical apoptotic features cell rounding,
shrinkage, and detachment (Figure 1).

Cytotoxicity was markedly reduced in 3D spheroids.

Table 1. Primer Sequences for qRT-PCR Analysis of
Metastasis & EMT-Related Genes

No Gene Primer
1 Vimentin Forward: 5'- AGATGGCCCTTGACATTGAG-3'
Reverse: 5'- TGGAAGAGGCAGAGAAATCC-3'
2 E-cadherin  Forward: 5’- CGAGAG CTACACGTTCACGG-3’
(CDHL) Reverse: 5°- GGGTGTCGAGGGAAAAATAGG-3”
3 N-cadherin Forward: 5-AATCAGTGGCGGAGATCCTAC-3'
(CDH2) Reverse: 5'-TTGACCACGGTGACTAACCC-3'
4 MMPY Forward: 5'-TTCCAGTACCGAGAGAAAGCCTAT-3’
Reverse: 5-GGTCACGTAGCCCACTTGGT-3’
5  MMP2 Forward: 5-TACAGGATCATTGGCTACACACC-3'
Reverse: 5'-GGTCACATCGCTCCAGACT-3"
6 GAPDH Forward: 5-GACAGTCAGCCGCATCTTCT-3'

Reverse: S'-TTAAAAGCAGCCCTGGTGAC-3'
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Figure 1. Cytotoxicity of CCA-1.1 and Doxorubicin (Dox) in MDA-MB-231 2D Monolayer Cultures. MDA-MB-231
cells were seeded as detailed in the Methods, and the cytotoxicity of (a) CCA-1.1 and (b) Dox was assessed using
CCK-8. Data represent mean + SD from three independent experiments. The cell morphology of (c) the untreated
group, (d) the CCA-1.1-treated group, and (e) the doxorubicin-treated group under an inverted microscope (total

magnification 100x).
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Table 2. Comparison of the Cytotoxicity of CCA-1.1 and Doxorubicin in 2D and 3D Cell Culture

Sample IC,, (uM) in 2D Cell Culture IC,, (uM) in 3D Cell Culture Fold Change
CCA-1.1 1.48 6.12 4.1
Doxorubicin 0.79 2.65 34
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Figure 2. Cytotoxicity of CCA-1.1 and Doxorubicin in the MDA-MB-231 Agarose-based 3D Culture. The agarose-
based 3D spheroid of MDA-MB-231 was prepared as detailed in the Methods. The cytotoxicity of (a) CCA-1.1 and
(b) doxorubicin was assessed using CCK-8. Data represent mean + SD from three independent experiments. The cell
spheroid morphology of (c) the untreated group, (d) the CCA-1.1-treated group, and (e) the doxorubicin-treated group

under an inverted microscope (total magnification 100x%).

Doxorubicin remained the most potent (IC,, = 2.65 +
0.30 uM), whereas CCA-1.1 required 6.12 £+ 0.27 uM,
respectively, to reach 50% inhibition. Bright-field imaging
confirmed a concentration-dependent decrease in spheroid
integrity and an increase in central translucency (Figure 2).
When expressed as fold-change (3D/2D), drug tolerance
increased 3.4-fold for doxorubicin and 4.1-fold for CCA-
1.1, as shown in Table 2.

Spheroid-forming Assay
CCA-1.1 was further assessed for its effect on
spheroid-forming capacity in MDA-MB-231 3D cultures.

Spheroid Count (n)

Untreated cells formed 8.3+0.6 spheroids per 50,000 cells,
whereas CCA-1.1 atits 3D IC,  reduced spheroid number
to 5.0£0.9 (=40% inhibition vs. control). Doxorubicin
almost completely abrogated spheroid formation, leaving
only 0.3+0.2 spheroids (=96% inhibition). Statistical
analysis confirmed significant differences between
control and CCA-1.1, as well as between CCA-1.1 and
doxorubicin (p<0.01-0.001). These findings indicate that
CCA-1.1 markedly suppresses spheroid-forming potential,
although doxorubicin remains more potent in this agarose-
based 3D spheroid model (Figure 3).
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Figure 3. CCA-1.1 Effect on Spheroid Formation of MDA-MB-231 Triple-Negative Breast Cancer Cells. (a) Abso-

lute spheroid count in untreated, CCA-1.1 (IC

), and doxorubicin (IC, ) -treated cultures after 7 days (Data represent

mean + SE from three biological replicates). *5’9p<0.01; *#%p<0.001 vs. control. (b) Percentage inhibition of spheroid

formation.
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Figure 4. Evaluation of the MDA-MB-231 Cell Spheroid Response to CCA-1.1 using PI staining. (a) Phase contrast
image of an untreated cell spheroid; (b) Propidium iodide staining of untreated cell spheroids; (c) CCA-1.1-treated,

(d) doxorubicin (Dox)-treated.
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Figure 5. Relative mRNA Expression of Metastasis-Related and EMT Marker genes. Evaluation of the expression level
of MMP2, MMP9, E-cadherin, N-cadherin, and vimentin in MDA-MB-231 3D spheroids was performed using qRT-
PCR. The spheroids were treated with CCA-1.1 or doxorubicin compared to the untreated ones. Data represent fold
change + SE (n=3 biological replicates); statistical significance versus untreated is indicated as *p<0.05, ***p<0.001.

Spheroid Response Evaluation using PI staining

PI-positive fluorescence was minimal and diffuse
in untreated spheroids, indicating low basal cell death,
whereas doxorubicin markedly increased PI signal and
disrupted spheroid architecture, consistent with extensive
loss of viability. Moreover, CCA-1.1 produced a compact
spheroid with intense PI fluorescence throughout,
suggesting an induction of cell death while maintaining
overall spheroid integrity (Figure 4).

Expression level of metastasis & EMT marker genes
Gene expression analysis of metastasis-related genes
from the spheroid revealed that CCA-1.1 produced a
strong inhibitory effect on MMP2 and MMP9 expression
(Figure 5). MMP2 levels decreased to 0.15+£0.06
(p=0.0001) and MMP9 to 0.25+0.05 (p<0.0001) relative to
control, indicating a significant suppression of extracellular
matrix—degrading capacity. Doxorubicin also significantly
reduced MMP2 expression (0.32+£0.06; p=0.0002)
but tended to increase MMP9 (1.41+0.47; p=0.2068),
suggesting a less consistent impact on metastatic potential
(Figure 5). Furthermore, examination of EMT markers
at the transcription level showed that CCA-1.1 increased
E-cadherin, with a 1.5-fold increase compared to control
(1.54+1.29; p=0.379). However, this was not significant.
In addition, doxorubicin also did not significantly change
E-cadherinlevels (0.97+0.36; p=0.7721). Both treatments

decreased N-cadherin expression; doxorubicin caused a
statistically significant reduction (0.25+0.03; p=0.0463),
whereas the decrease from CCA-1.1 was 0.56+0.20
(p=0.1747). Vimentin expression remained near baseline
in all groups, with fold changes around 1.0, indicating that
CCA-1.1 mainly influences cadherin switching rather than
intermediate filament expression. Overall, these results
indicate that CCA-1.1 has an anti-metastatic activity by
significantly downregulating key metalloproteinases and
enhancing epithelial characteristics. However, we did not
conduct in vitro migration and invasion assays to clarify
this finding.

Discussion

Our current research aims to develop a stable 3D
culture system using agarose as the matrix. We grew the
triple-negative breast cancer cell line MDA-MB-231 in
agarose matrix to evaluate the potency of the curcumin
analog, CCA-1.1, as a chemotherapeutic candidate in
agarose-based 3D spheroid. Spheroids formed compact,
uniformly spherical colonies by 72 hours. They maintained
morphological integrity for at least 96 hours without
spontaneous disassembly or the development of a
necrotic core, suggesting that this platform sufficiently
recapitulates the essential architectural characteristics
of solid tumours amenable to intermediate-term drug

Asian Pacific Journal of Cancer Prevention, Vol 27 2693



Ika Rahmawati Sutejo et al

challenge [19]. Consistent spheroid size and no structural
deterioration during treatment suggest that any observed
alterations in cell viability and morphology are likely
indicative of accurate cytotoxic responses to test
compounds, rather than culture-related false positives/
negatives [ 14]. The agarose matrix in 3D culture presented
several advantages: 1) it allows for reproducible spheroid
sizes and morphologies, and 2) it is easy to prepare without
the use of costly scaffolds and is further compatible
with well-known viability assays such as CCK-8 [20].
Real-time tracking of spheroid size and volume enabled
simultaneous analysis of morphologic alterations and
viability data, thereby enhancing the robustness of
cytotoxicity profiling.

This work provides further evidence that 3D
microsystems composed of agarose more closely
reflect realistic physiological conditions for tumor
microenvironment modeling than traditional 2D cultures
on a flat surface. The in vitro 3D spheroids from MDA-
MB-231 displayed drug-resistance features that more
closely resemble those of an in vivo counterpart, as
we found much higher IC, values for all compounds
compared to those in monolayer cells. CCA-1.1 was
4.1-fold for IC,; in 3D-spheroids and was ~3.4-fold
higher for doxorubicin. These results are consistent with
many previous reports that 3D spheroids more accurately
mimic the physiological drug resistance observed in
vivo, including restricted drug penetration, oxygen and
nutrient gradients, and increased cell—cell and cell-matrix
communication [21-23]. The relative fold-changes for
doxorubicin and CCA-1.1 may be attributed to their
differences in physical-chemical properties among these
compounds. The IC, of doxorubicin for 2D cultures
and 3D spheroids aligns with previously reported values
(0.58-1.0 uM for 2D and 2—3 uM for various 3D models)
[21-22], validating our experimental procedure.

CCA-1.1 is not the only curcumin analog that has been
investigated against the MDA-MB-231 cell line. Zhao
et al. [24] reported that EF-24 induces the initiation of
autophagy and apoptosis in MDA-MB-231 cells, which
is mediated by the ROS pathway. Another recent study
from Ros et al. [25] shows that TL3 and TL4, synthetic
curcumin analogs, have a lower IC, value against
MDA-MB-231 compared to curcumin, with IC, values
of 0.93 and 0.86 uM, respectively. Moreover, these
curcumin analogs also displayed a lower mammosphere
formation index (MFI) on the breast cancer stem cell
(BCSC) population of MDA-MB-231 compared to
curcumin. Our group also studied another curcumin
analog, namely PGV-1, which exhibits irreversible
antiproliferative effects in MDA-MB-231 (TNBC) and
HCC1954 (HER2-overexpressing) cells with IC, of 0.9
and 0.4 uM, respectively. CCA-1.1 in the current study
has an IC,; of 1.48 uM, a similar value to a previous
report by Novitasari et al. [11]. Although CCA-1.1 is less
cytotoxic to MDA-MB-231 than other curcumin analogs,
it shows a higher selectivity index compared to PGV-1.
The selectivity index (SI) for CCA-1.1 and PGV-1 has
been reported by Novitasari et al. [8], with SI values of
4.3 and 3.8, respectively, against TNBC 4T1 cells and
fibroblast 3T3 cells. Our data of CCA-1.1 in agarose-based
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3D spheroids improves the physiological relevance of
elucidating its potency as a chemotherapeutic candidate.

Our investigation of spheroid-forming capacity
indicated that CCA-1.1 reduced spheroid formation to
a greater extent than the untreated control. The staining
of propidium showed low basal PI fluorescence in
the untreated spheroids, whereas both CCA-1.1 and
doxorubicin resulted in substantial elevations of PI signal,
indicating an induction of cell death in the 3D model.
However, the spatial distribution in PI fluorescence
images was altered considerably. Doxorubicin-treated
spheroids displayed extensive PI staining, coupled with
disruption of spheroid architecture and loss of structural
integrity, indicative of an acute cytolytic/necrotic cell
death program. In contrast, CCA-1.1-treated spheroids
retained an overall compact morphology and PI signal
throughout, in line with a programmed form of cell death
driven by localised phenomena, without loss of overall
spheroid structure. This dissimilar morphological change
is likely due to distinct cell death mechanisms triggered
by doxorubicin and CCA-1.1. Doxorubicin exerts
cytotoxicity primarily by intercalating DNA, causing
DNA damage and inhibiting topoisomerase II, producing
rapid, membrane-permeabilizing cell death [26, 27].
On the other hand, CCA-1.1, with several mechanisms,
including the production of reactive oxygen species
(ROS), regulation of NF-«B signaling pathways, and cell
cycle blockage due to mitotic dysfunction, might involve
slower apoptosis or autophagy [8, 11-12, 28]. These
mechanisms can give a chance of drug penetration and
cell death maintenance while preserving the 3D structure.

Our study showed that CCA-1.1 inhibited MMP2 and
MMPY expression significantly, whereas doxorubicin
only decreased MMP2 but not MMP9. Previously, it was
reported that CCA-1.1 and PGV-1 inhibit WiDr colon
cancer cell migration and decrease MMP9 levels, whereas
doxorubicin induces both [9]. The suppression of MMP2
and MMP9 is important for the regulation of cancer
metastasis as they mediate the cleavage of E-cadherin
and convert it to soluble E-cadherin, leading to epithelial-
mesenchymal transition (EMT) [29]. Quantitative analysis
of the expression of EMT-related genes showed that
CCA-1.1 elevated the expression of E-cadherin (despite
the non-significant difference with untreated cells), a
key marker of epithelial phenotype and cell adhesion.
The upregulation of E-cadherin expression is critical for
regaining epithelial properties under the conditions of
EMT [30]. Additionally, the CCA-1.1 treatment did not
affect N-cadherin levels and Vimentin, which may reflect a
partial anti-EMT of CCA-1.1 on the TNBC. The inhibition
of MMP and increased expression of E-cadherin by CCA-
1.1 indicate its potential to prevent cancer cell invasion
and metastatic spread and to restrain tumor cell migration.
However, in the current study, we didn’t perform further
investigation on cell migration and invasion. Therefore,
more studies are still needed to clarify this point.

The use of agarose-based spheroid models is not ideal
for investigating cell migration and invasion in 3D culture
because agarose is a non-adherent hydrogel; therefore, it
does not provide cell-matrix adhesion comparable to that
of collagen or laminin, which facilitates cell motility and



cell-matrix interaction [31]. The lack of mimicking the
extracellular matrix limits the use of agarose for studying
migration. Our findings can be further examined using an
extracellular matrix-like gel, such as collagen, to better
mimic the tumor environment.

Although these positive results are encouraging, this
study is limited by the use of a single cancer cell line and
the absence of mechanistic assays, including apoptosis,
cell migration, and invasion. Informative studies
using pairs of TNBC lines, patient-derived organoids,
and co-culture with stromal/immune cells will give a
comprehensive view of drug responses and function
under physiologically relevant conditions. Furthermore,
integrating CCA-1.1 with combinatorial regimens and
traditional chemotherapies may exploit synergistic effects
to overcome established mechanisms of resistance.

In conclusion, our study using a 3D agarose-based
spheroid culture confirms CCA-1.1 cytotoxicity against
MDA-MB-231. It shows that CCA-1.1 inhibits spheroid
formation, reduces the expression level of matrix
metalloproteinase, and tends to prevent cancer cells from
transitioning to a mesenchymal phenotype. These data
demonstrate the utility of agarose-based 3D spheroids for
evaluating drug responses in TNBC cells, and support the
development of CCA-1.1 as a chemotherapeutic candidate
for TNBC.
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