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Abstract 

 
Background and purpose: Previous studies highlighted that chemoprevention curcumin analog-1.1 (CCA-
1.1) demonstrated an antitumor effect on breast, leukemia, and colorectal cancer cells. By utilizing 
immortalized MDA-MB-231 and HCC1954 cells, we evaluated the anticancer properties of CCA-1.1 and its 
mediated activity to promote cellular death. 
Experimental approach: Cytotoxicity and anti-proliferation were assayed using trypan blue exclusion. The 
cell cycle profile after CCA-1.1 treatment was established through flow cytometry. May-Grünwald-Giemsa 
and Hoechst staining were performed to determine the cell cycle arrest upon CCA-1.1 treatment. The 
involvement of CCA-1.1 in mitotic kinases (aurora A, p-aurora A, p-PLK1, and p-cyclin B1) expression was 
investigated by immunoblotting. CCA-1.1-treated cells were stained with the X-gal solution to examine the 
effect on senescence. ROS level and mitochondrial respiration were assessed by DCFDA assay and 
mitochondrial oxygen consumption rate, respectively. 
Findings/Results: CCA-1.1 exerted cytotoxic activity and inhibited cell proliferation with an irreversible 
effect, and the flow cytometry analysis demonstrated that CCA-1.1 significantly halted during the G2/M phase, 
and further assessment revealed that CCA-1.1 caused metaphase arrest. Immunoblot assays confirmed                  
CCA-1.1 suppressed aurora A kinase in MDA-MB-231 cells. The ROS level was elevated after treatment with 
CCA-1.1, which might promote cellular senescence and suppress basal mitochondrial respiration in                     
MDA-MB-231 cells.  
Conclusion and implications: Our data suggested the in vitro proof-of-concept that supports the involvement 
in cell cycle regulation and ROS generation as contributors to the effectiveness of CCA-1.1 in suppressing 
breast cancer cell growth. 
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INTRODUCTION 

 
Chemoprevention curcumin analog 1.1 

(CCA-1.1; Fig. 1), a novel curcumin derivative 
synthesized based on a reduction reaction from 
pentagamavunone-1 (PGV-1) (1), has been 
reported for its cytotoxic activity against 
luminal breast, colorectal, and leukemia cancer 
cells. Known mediated cellular mechanisms 
had been revealed upon CCA-1.1 in cancer 
cells, such as inducing G2/M cell arrest and 
cellular senescence and enhancing reactive 
oxygen species (ROS) generation (2-4). 

Moreover, a recent study determined the 
possible targets of CCA-1.1 in mitotic 
regulators (aurora A, CDK1, PLK1, KIF11) 
using bioinformatic analysis (5-7) later 
demonstrated that CCA-1.1 had a cytotoxic and 
synergistic effect with PGV-1 to eliminate 
K562 cells. For these reasons, the exploration 
of elucidating the molecular mechanism of 
CCA-1.1 in cell cycle arrest becomes essential. 

 
 



CCA-1.1 induces metaphase arrest in breast cancer cells 

359 

 
Fig. 1. Chemical structure of CCA-1.1. 

 
Recent studies have already documented                  

the specific phenomenon when chemotherapy 
drugs delay cancer cells during G2, then 
prematurely enter mitosis to induce later mitotic 
catastrophe (8,9). Mitotic catastrophe is 
believed to be the initial stage before                
mitotic arrest, and prolonged arrest can either 
proceed to senescence or apoptosis (10). 
Moreover, the high heterogeneity of breast 
tumors also impacted the genome instability 
and aneuploidy of cells due to the loss or gain 
of function of p53. Mitotic catastrophe is a 
critical antitumor strategy that can be achieved 
by various mechanisms that target the cell cycle 
(11). This work focused on a further exploration 
of the putative molecular activities of CCA-1.1 
to inhibit cancer cells progression, also its effect 
on the mitochondrial respiration activity 
through two distinct models of breast cancer: 
triple-negative breast cancer (TNBC) MDA-
MB-231 and human epidermal growth 
receptor-2 (HER2)-positive HCC1954 cells.  
 

MATERIALS AND METHODS 
 
Cell culture and compound 

MDA-MB-231 and HCC1954 cells were 
obtained from American Type Culture 
Collection (ATCC®). The MDA-MB-231 cells 
were cultured in DMEM, while the latter cells 
were maintained in RPMI 1640 medium. Both 
were supplemented with 10% fetal calf serum 
(FCS) and 1% penicillin-streptomycin. 

CCA-1.1 was obtained from the Cancer 
Chemoprevention Research Center, Faculty of 
Pharmacy, Universitas Gadjah Mada, 
Indonesia. The compounds were diluted in 
dimethyl sulfoxide (DMSO) as a stock solution 
and diluted in a medium before use. The 
maximum final concentration of DMSO in the 
medium was less than 0.5%. 
 
Cytotoxicity and proliferative assay 

To determine the half-growth inhibitory 
concentration (GI50) among all cell lines,                      

2 × 104 cells/mL were seeded in a 35 mm dish, 
incubated for 24 h, then treated with a series of 
concentrations of CCA-1.1 (1 - 10 µM). After 4 
days of incubation, the cells were harvested 
with trypsin-EDTA, and the viable cells and 
dead cells were counted using the trypan blue 
(Wako®, Japan) dye method. 

To determine the irreversible effect of CCA-
1.1 to inhibit cancer cells proliferation upon 
removal of the compound in the medium, cells 
were treated with 2 µM CCA-1.1 for 3 days, 
followed by a drug washout by replacing with a 
fresh medium (without CCA-1.1) for the next 2 
days. The viable and dead cells from CCA-1.1 
and untreated groups were stained with trypan 
blue and counted daily. 
 
Flowcytometry-based assays 

Cells (3 × 105 cells/mL) were treated with              
2 µM CCA-1.1, and at the indicated time (24, 
48, and 72 h), cells were harvested and washed 
with phosphate buffer saline (PBS). The cells 
were stained with propidium iodide (Sigma®, 
USA) solution (containing RNase A and 
Triton® X-100) for 30 min. The cell suspension 
was filtered in a cell strainer cap and collected 
in a tube, and the cells were monitored for cell 
cycle profile in FACSCalibur® flow cytometer 
and then analyzed to compare the distribution 
of cells against the untreated group using Cell 
Quest software. 

For ROS level determination, 1 × 105 cells 
were pretreated with 20 µM 2,7-
dichlorofluorescein diacetate (DCFDA; 
Sigma®, USA) for 30 min and treated with 2 
µM CCA-1.1. Cells were filtered with a cell-
strainer cap at indicated intervals before being 
subjected to a flow cytometer. 
 
Mitotic index determination 

After the treatment with 2 µM CCA-1.1, the 
cells were incubated with hypotonic shock 
(0.075 M KCl) for 6 min. After centrifugation, 
the cells were fixed in a mixture of acetic acid 
and methanol (1:3 v/v) and dropped on sterile 
microscope slides. The slides were airdried for 
30-45 min before being stained by Hoechst 
33324 and observed under a confocal 
microscope. In another experiment, the cells on 
the microscope slide were incubated with May-
Grünwald solution (Merck®, Germany) for                   
5 min. The slides were washed with phosphate 
buffer for 1.5 min before being placed in 
Giemsa solution (Merck®, Germany) for                   
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20 min. The slides were rinsed briefly in 
deionized water before being observed and 
captured under a phase-contrast microscope. 

 
Senescence-associated β-galactosidase assay 

The 2 µM CCA-1.1-treated cells were 
incubated with 4% formaldehyde solution for 
10 min, rinsed with PBS 1 ×, stained using 0.2% 
X-gal (Wako®, Japan) solution, and incubated 
for 18 h before being observed under a phase-
contrast microscope (12). The senescent and 
total cells in CCA-1.1 treatment and untreated 
groups were counted as calculated as the 
percentage of senescent cells. 
 
Immunoblot 

After the treatment with 2 µM CCA-1.1, the 
cells were collected to prepare whole-cell 
lysates using a lysis buffer containing 
phosphatase and protease inhibitors. The 
lysates were prepared in sample buffer before 
being loaded in 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-
PAGE), and the gel was then transferred onto 
polyvinylidene difluoride membranes 
(Immobilon, Merck®, Germany). The blots 
were blocked before being incubated at 4 °C 
overnight with primary antibodies purchased 
from Cell Signaling Technology® (USA), 
namely, phospho-cyclinB1 (Ser133; #4133), 
phospho-PLK1 (Thr210; #9062), phospho-
aurora A kinase (Thr288; #3079), aurora A 
kinase (#12100), and β-actin antibody (#3700). 
These primary antibodies were diluted in 5% 
bovine serum albumin in tris buffer saline 
solution (with 0.05% of NaN3; 1:500 v/v), 
except for β-actin which was diluted in 1:1000 
v/v. After being washed with PBS-tween, the 
membrane was probed with an anti-mouse IgG 
secondary antibody (#NA931V) or protein-A 
HRP-linked antibody (#NA9120V) (Cytiva®, 
UK) for 1 h at room temperature. Detection was 
performed using enhanced chemiluminescence 
mixture (GE Life Science®, UK) and 
autoradiography film (Fujifilm®, Japan). The 
band was quantified in ImageJ and then 
compared against the untreated group. 

 
Oxygen consumption rate profile 

The cells were seeded in a dish for treatment 
with 2 µM CCA-1.1 for 24 h. A total of                       
2.25 × 105 cells for MDA-MB-231 cells and      
1.5 × 105 cells for HCC1954 cells were 

collected in a 150 µL assay medium (DMEM 
medium added with 10 mM glucose, 1 mM 
pyruvate, and 2 mM glutamine) and distributed 
evenly in a miniplate that was already coated 
with Cell-Tak (Corning®). The microplate was 
spun down so the cells would attach to the 
coated well. Afterward, the microplate was 
incubated in a 37 °C incubator for 30 min. The 
sensor cartridge in the utility plate was added 
with Mito test kit reagents (Agilent®; 1.5 µM 
oligomycin, 1 µM FCCP, and 0.5 µM Rot/AA), 
and the oxygen consumption rate (OCR) profile 
was monitored for 75 min in XF HS mini 
analyzer (Agilent®, Germany). After analysis, 
the cells were lysed and quantified for total 
protein using the Bradford assay for 
normalizing OCR measurements. The 
normalization was then used for analyzing the 
maximal, basal, and ATP-linked respiration 
between untreated and CCA-1.1-treated cells. 
 
Statistical analysis 

Data were presented as mean ± standard 
deviation (SD) or standard error measurement 
(SEM), n = 3, and examined by statistical 
analysis between untreated and CCA-1.1 
groups with unpaired t-test at a 95% confidence 
level in GraphPad Prism. P-values ≤ 0.05 were 
considered significant. 
 

RESULTS 
 
CCA-1.1 suppressed cells growth on MDA-
MB-231 and HCC1954 cells 

The current study aimed to evaluate the 
anticancer properties and molecular effect of 
CCA-1.1, particularly in MDA-MB-231 and 
HCC1954 breast cancer cells. First, CCA-1.1 
demonstrated a suppressive effect on the cancer 
cells' growth and reflected by the GI50 score of 
1.4 ± 1.08 µM and 1.2 ± 0.41 µM, respectively 
(Fig. 2A). 
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Fig. 2. CCA-1.1 suppressed the proliferation of breast cancer cells. (A) GI50 value of CCA-1.1 was assessed after 4-day 
treatment by cell counting with trypan blue exclusion assay from triplicate samples. Later, MDA-MB-231 cells were 
tested with 2 µM CCA-1.1 for 4 days, and the (B) viable and (C) dead cells were counted daily using the trypan blue 
exclusion method. HCC1954 cells were also incubated with 2 µM CCA-1.1 for 4 days, and the (D) viable and (E) dead 
cells were counted daily using the trypan blue exclusion method. In another experiment, MDA-MB-231 cells were treated 
with 2 µM CCA-1.1 for 3 days, and the medium containing drugs was then replaced with a fresh medium for the                       
next 2 days. The (F) viable and (G) dead cells were counted daily and plotted into the graph. A similar experiment was 
also carried out for HCC1954 cells. The (H) viable and (I) dead cells were counted daily and plotted into the graph. The 
data were presented as mean ± SD, n = 3. ***P < 0.001 Indicates significant differences compared to untreated cells. 
CCA-1.1, Chemoprevention curcumin analogue 1.1; GI50, half growth inhibitory concentration   
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We then chose 2 µM for further assays. During 
the first 24 h, CCA-1.1 was quite inadequate to 
suppress the growth. However, after prolonged 
treatment, CCA-1.1 started to repress cell 
proliferation, followed by a higher percentage 
of dead cells (Fig. 2B-E). In a similar assay, 
CCA-1.1 was incubated for 3 days, then 
replaced with fresh medium to observe the 
antiproliferative effect upon the compound's 
removal. In both cells, the cytotoxic effect of 
CCA-1.1 was maintained as there was no 
indication of cell growth, while the dead cells 
remained stagnant (Fig. 2F-1I). These data 
implied that the suppressive activity with the 
irreversible effect of CCA-1.1 was also 
demonstrated in TNBC MDA-MB-231 and 
HER2-positive HCC1954 cells.  
 
CCA-1.1 induced metaphase arrest in MDA-
MB-231 and HCC1954 cells 

Upon the antiproliferative effect presented 
by CCA-1.1, the cell cycle distribution was 
assessed in a time-course manner (24, 48, 72 h) 
toward MDA-MB-231 and HCC1954 cells 
through flow cytometry analysis. The G2/M 
population was increased under CCA-1.1 
treatment for 24 h in MDA-MB-231 cells 
(ranging from 24.4% to 32.3%). CCA-1.1 
might trigger mitotic failure as the polyploid 
cells were present in a more extended 
incubation period (9.9% at 48 h and 8.9% at              
72 h). The subG1 population was detected after 
72 h of treatment (9.4% vs 1.3% in the untreated 
group), which indicated CCA-1.1 induced 
DNA fragmentation (N < 2) (Fig. 3A and B). 
Quite different profile depicted in HCC1954-
treated cells (Fig. 3C) as CCA-1.1 treatment 
significantly (P < 0.05) expanded the 
population of cells in the subG1 phase after                
24 h (11.2% vs 4.7% in untreated), suggesting 
CCA-1.1 promoted cellular death in HCC1954 
cells (Fig. 3D).  

The follow-up assays were applied to 
determine the specific phase that CCA-1.1 
inhibited in MDA-MB-231 and HCC1954 
cells. Staining with May-Grünwald-Giemsa 
allowed the azure B (from Giemsa)-DNA 
complex to interact with eosin Y to produce 
purple colour (13). Some of the cells in the 
CCA-1.1-treated group display an intense 

purple colour because the nuclear membrane 
was dissembled, implying that CCA-1.1 might 
induce mitotic arrest (Fig. 3E). The quantitative 
analysis further showed that CCA-1.1 
significantly induced cells into the mitotic 
phase (Fig. 3F and G). Hoechst staining was 
adopted to confirm the mitosis phase inhibited 
by CCA-1.1. As indicated by chromosome 
staining, we found that CCA-1.1 induced 
metaphase arrest in MDA-MB-231 and 
HCC1954 cells aligned in the equatorial plane 
(Fig. 3H). The mitotic index from the CCA-1.1 
group was significantly higher than the 
untreated MDA-MB-231 cells (Fig. 2I). A 
similar result also occurred after treatment in 
HCC1954 cells that CCA-1.1 also induced 
mitotic arrest in metaphase (Fig. 3J). These 
findings implied that CCA-1.1 targeted 
metaphase to induce mitotic arrest in                   
MDA-MB-231 and HCC1954 cells. 

 
CCA-1.1 mediated mitotic arrest by 
modulating major mitotic kinases in 
aggressive breast cancer cells 

Since we demonstrated that CCA-1.1 
induced mitotic arrest, some mitotic regulator 
proteins were checked to determine whether the 
antiproliferative activity of CCA-1.1 affects 
their expression. Among those proteins, we 
chose aurora A, phosphorylated-aurora                   
A kinase (p-aurora A), phosphorylated-polo 
kinase 1 (p-PLK1), and phosphorylated-cyclin 
B1 (p-CycB1) were evaluated after 24 h 
incubation with CCA-1.1 (Fig. 4A).                   
The total protein level of aurora A kinase was 
suppressed in MDA-MB-231 but not in 
HCC1954 cells (Fig. 4B). However, the protein 
level of p-aurora A was not affected                   
(even tended to increase) in both cell                   
lines (Fig. 4C). The phosphorylation of PLK1 
tended to elevate in CCA-1.1 treatment                   
for 24 h in MDA-MB-231 and HCC1954 cells 
(Fig. 4D), indicating that the action                   
of CCA-1.1 peaked during mitosis.                   
The cyclin B1 phosphorylation was also 
observed in both treated cells (Fig. 4E). These 
data implied that CCA-1.1 activity in mitosis 
correlated with the level of mitotic regulatory 
proteins toward MDA-MB-231 and                   
HCC1954 cells.  
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Fig. 3. CCA-1.1 induced cell arrest at the G2/M phase on MDA-MB-231 and HCC1954 cells. Each MDA-MB-231 and 
HCC1954 cell line (3 × 105 cells/mL) was seeded in a 35 mm dish and treated with 2 µM CCA-1.1 for 24, 48, and 72 h. Upon 
the interval of incubation, the cells were stained with propidium iodide solution and analyzed for the cell profile using a flow 
cytometer. (A) Cell cycle profile in MDA-MB-231 cells treated with CCA-1.1 and (B) quantification of cell population in each 
cell cycle phase. (C) Cell cycle profile in HCC1954 cells treated with CCA-1.1 and (D) quantification of HCC1954 cell 
population in every cell cycle phase. (E) May-Grünwald-Giemsa stain for the cells treated with 2 µM CCA-1.1 after 24 h on 
MDA-MB-231 and HCC1954 cells. The morphology of cells after staining was observed under a phase-contrast microscope 
(scale bar 20 µm). (F) The percentage of mitotic cells in MDA-MB-231 cells was determined by dividing the number of mitotic 
cells against the total cell number. (G) Percentage of mitotic cells in HCC1954-treated cells. The red arrow marked the presence 
of the mitotic cells. (H) Mitotic spread from MDA-MB-231 and HCC1954 cells treated with CCA-1.1 24 h. The cells were 
fixed, stained with Hoechst 33342, and observed under a confocal microscope, scale bar 50 µm. (I) The mitotic index was 
quantified by dividing the mitotic cell against the total number of MDA-MB-231 cells. (J) The mitotic index after treatment in 
HCC1954 cells. The white grid box presented the metaphase-arrest cell. The data were displayed as mean ± SD, n= 3. *P < 
0.05, **P < 0.01, ***P < 0.001 Indicate significant differences compared to untreated cells. CCA-1.1, Chemoprevention 
curcumin analog 1.1.  
 

 
Fig. 4. Mitotic regulatory protein kinase phosphorylation is affected by treatment with CCA-1.1 in MDA-MB-231 and 
HCC1954 cells. (A) Immunoblot analysis of MDA-MB-231 or HCC1954 cell lysates after treatment with 2 µM CCA-1.1 for 
24 h. Western blot was employed using the antibodies against pThr210-PLK1, pSer133-cyclinB1, pThr288-aurora A, and aurora 
A kinase. β-actin served as a loading control for western blot. Band intensity was semi-quantified using ImageJ for (B) aurora 
A kinase, (C) p-Aurora A, (D) p-PLK1, and (E) p-cyclin B1. The data were presented as mean ± SD, n = 3. *P < 0.05 Indicates 
significant differences compared to untreated cells. CCA-1.1, Chemoprevention curcumin analog 1.1. 
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CCA-1.1 induced senescence in MDA-MB-
231 and HCC1954 cells 

Given that the cells treated with CCA-1.1 
were irreversibly arrested at the mitosis, this 
phenomenon's possible mechanism warrants 
further exploration. The mitotic arrest could 
also be followed by mitotic slippage prior to 
senescence (11). Therefore, CCA-1.1 was also 
evaluated for a similar effect on cellular 
senescence. The senescence phenotype can be 
visualized as the green-stained cells resulting 
from the lysosomal β-galactosidase                       
activity. The 24-h treatment of CCA-1.1 in 

MDA-MB-231 cells significantly increased                  
the number of senescent cells by 17.9%                   
(Fig. 5A and B). This phenomenon was                   
also observed in HCC1954 cells (Fig. 5C),                   
as the untreated group generated                   
10.0% of senescent cells, and this                   
number significantly increased to 27.9%                   
after incubation with CCA-1.1 (Fig. 5D).                   
These results convinced that cell viability 
suppression and prolonged cell cycle                   
arrest could also be correlated with                
senescence induction in response to CCA-1.1 
treatment. 

 
 

 
 
Fig. 5. CCA-1.1 treatment for 24 h induced cellular senescence in MDA-MB-231 and HCC1954 cells. 2 × 105                               
MDA-MB-231 and HCC1954 cells were cultured in a 35 mm petri dish and later treated with 2 µM CCA-1.1 for 24 h. 
Cells were fixed and incubated with SA-β-Gal, and the senescence activity was observed under a phase-contrast 
microscope, scale bar 20 µm. (A) After treatment in MDA-MB-231 cells, the red arrow marks the green-stained cells 
indicating the presence of senescent cells. (B) Percentage of senescent cells in CCA-1.1-treated MDA-MB-231 cells. (C) 
Senescence evidence after treatment with CCA-1.1 in HCC1954 cells, with the red arrow marking the appearance of 
senescent cells. (D) Percentage of senescent cells in treated HCC1954 cells. The data were presented as mean ± SD,                       
n = 3. **P < 0.01 Indicates significant differences compared to untreated cells. CCA-1.1, Chemoprevention curcumin 
analogue 1.1.  
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CCA-1.1 modulated ROS generation and 
disrupted mitochondria respiration 

Several studies reported that the role of ROS 
in senescence had been attributed to cancer                
(14-16). This work measured ROS level in five 
interval hours (2, 4, 8, 18, and 24 h). CCA-1.1 
maintained higher ROS levels during 4, 8, and 
24 h incubation, while lower at 2 and 18 h after 
treatment in MDA-MB-231 cells (Fig. 6A).                 
A distinct phenomenon was presented in 
HCC1954 cells, in which the ROS level of 
CCA-1.1-treated cells was significantly 
elevated since earlier hours and maintained a 
high level even after 24 h (Fig. 6B). These 
results suggested that ROS could also 
contribute to the mitosis arrest and senescence 
induction by CCA-1.1 

Elevated ROS levels at some point also 
mediated dysfunction in the mitochondria (17) 
and caused damage to the mitochondrial 

respiratory chain (18). To evaluate the effect                 
of CCA-1.1 on mitochondria function, cellular 
OCR was monitored as an indicator of 
mitochondrial respiration (Fig. 6C and D), 
along with three associated parameters                   
(basal respiration, maximal respiration, and 
ATP-linked respiration). CCA-1.1 increased 
the maximal respiration and suppressed                   
the basal respiration but did not affect ATP-
linked respiration in MDA-MB-231 cells                
(Fig. 6E-G). CCA-1.1 was also tested                   
for its effect on mitochondria respiration in 
HCC1954 cells after 24 h of incubation.                   
The results showed that all the parameters                   
were not altered (Fig. 6H-J) in the                   
treatment groups compared with those                   
in the untreated group. All these data 
demonstrate that CCA-1.1 was mainly induced 
ROS production, which later causes 
mitochondrial impairment. 
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Fig. 6. CCA-1.1 treatment increased the accumulation of intracellular ROS levels and its effect on mitochondrial 
respiration of MDA-MB-231 and HCC1954 cells. A total of 1 × 105 cells/mL were grown for 24 h and then harvested. 
Cells were stained with 20 µM DCFDA 30 min prior to incubation with 2 µM CCA-1.1. Total ROS levels after 2, 4, 8, 
18, and 24 h in (A) MDA-MB-231 and (B) HCC1954 cells were measured using a flow cytometer. The metabolic profile 
of (C) MDA-MB-231 cells and (D) HCC1954 cells upon treatment with 2 µM CCA-1.1 for 24 h were assessed using the 
Seahorse XF HS mini analyzer. The OCR level graph displayed from the experiments in MDA-MB-231 treated with 
CCA-1.1, along with the parameters of (E) maximal respiration, (F) basal respiration, and (G) ATP-linked respiration. 
Mitochondria respiration after treatment with CCA-1.1 for 24 h was also determined in HCC1954 cells using the 
parameters of (H) maximal respiration, (I) basal respiration, and (J) ATP-linked respiration. The data were presented as 
mean ± SD, n = 3. *P < 0.05 and **P < 0.01 Indicate significant differences compared to untreated cells. CCA-1.1, 
Chemoprevention curcumin analog 1.1; ROS, reactive oxygen species; OCR, oxygen consumption rate 
 

DISCUSSION 
 

The current work presented the anticancer 
activities of CCA-1.1 using MDA-MB-231 
(TNBC) and HCC1954 (HER2-positive) breast 
cancer cells. The cytotoxic effect from CCA-
1.1 had been reported in other studies that also 
used breast cancer cells, including luminal 
MCF7 (19) and T47D cells (4), TNBC 4T1 and 
MCF7/HER2 cells (2,20). CCA-1.1 inhibited 
cell growth irreversibly and receded the 
possibility of cancer recurrence upon 
withdrawal of CCA-1.1 in both MDA-MB-231 
and HCC1954 cells. The activity of CCA-1.1 in 
the cell cycle has been documented in prior 
studies (2,4), but this is the first study 
investigating the specific phase inhibited by 
CCA-1.1. Unlike MDA-MB-231 cells, the 
polyploid cells did not present in the cell cycle 
profile after treatment in the HCC1954 cell 

because some of the treated cells had already 
accumulated in the subG1 phase, indicating that 
these compounds were more sensitive in 
HCC1954 than MDA-MB-231 at the same 
tested concentration. SubG1 populations are 
commonly linked to apoptosis incidence 
because of the reduced DNA content as the 
essential characteristic of apoptotic cells (21). 

The percentage of hyperploid MDA-MB-
231 cells increased during the more prolonged 
incubation with the compound. This finding 
suggested that CCA-1.1 might induce mitotic 
catastrophe when cells cannot complete the 
mitosis cycle because of defects during mitosis 
entry (22). We found that CCA-1.1 perturbed 
G2/M arrest and further assessment confirmed 
that this compound halted during metaphase. The 
prolonged arrest in metaphase might trigger 
spindle assembly checkpoint activation, causing 
cyclin B1 phosphorylation to stabilize (23).               
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This phenomenon might explain why the 
phosphorylation of cyclin B1 remained active 
in CCA-1.1 treated cells even though they 
induce metaphase arrest. Moreover, one of the 
prominent biochemical features of mitotic 
catastrophe is an abnormal increase of cyclin 
B1 (24). 

The phosphorylation of PLK1 was seen in 
CCA-1.1-treated cells, which confirmed that 
CCA-1.1 activities peaked in mitosis. In 
metaphase, PLK1 helps maintain kinetochore-
microtubule attachment stability (25). Since 
this study investigated the physiology 
molecular of CCA-1.1 in mitosis, the well-
known regulator aurora A kinase was also 
evaluated at the protein level. CCA-1.1 
inhibited the protein level of aurora A in MDA-
MB-231 cells, yet the phosphorylation of 
aurora A in Thr288 presented an unchanged 
level compared with the untreated group. Even 
with the low protein level, the phosphorylation 
of aurora A still allowed for the recruitment of 
γ-tubulin, though the centriole separation began 
to disrupt, resulting in the dysfunction of the 
centrosome (26). Furthermore, aurora A kinase 
also acts as the primary activator for PLK1 in 
mitosis, the activity of PLK1 is also maintained 
if there is aurora A activity (27).  

In the case of CCA-1.1, the cells passed the 
prometaphase to metaphase, but likely with the 
improper chromosome aligned in the equatorial 
plate because the inhibition of aurora A 
interferes with the ability of the chromosome to 
align and causes metaphase arrest in breast 
cancer cells. A recent molecular docking 
analysis study illustrated that CCA-1.1 bound 
with the ATP pocket site in the adenine-binding 
region (Leu139), and the hydroxyl in its 
benzene ring engaged with residue Ala213 
located in the hinge region that is responsible 
for catalytic active site formation of aurora A 
(5,28). These phenomena are quite different 
from the mechanism presented by Alisertib 
(MLN8237), a selective aurora A inhibitor 
currently undergoing clinical trial studies 
(29,30). The study by Li et al. (31) 
demonstrated that MLN8237 induced G2/M 
arrest through suppression of CDK1 and cyclin 
B1, followed by upregulation of p21 and p53, 
which attributed to induce cellular death via 
apoptosis in MDA-MB-231 cells. Hence, CCA-
1.1 deserves the chance for further development 
as a potential antimitotic drug. 

At some point, the mitotic catastrophe is also 
associated with cell aging or senescence (32). 
The morphological-marker mitotic catastrophic 
process also promotes or occurs parallel to 
cellular senescence. In some instances, the 
defects cause mitotic exit and induce cell 
senescence through mitotic catastrophe (33,34) 
because, in p53-mutated cells, some cell cycle 
checkpoints become compromised (10). It is 
known that many chemotherapies produce ROS 
and are partly responsible for inducing 
senescence (14). CCA-1.1 mainly escalated the 
intracellular ROS level throughout 24 h, which 
might have led to the increased number of 
senescent cells.  

The ROS also amplifies the stress signaling 
that imbalance the redox system with the 
primary target in mitochondria to provide tumor 
proliferation. However, when the ROS level 
outpaces the reduction capacity in cancer cells, 
the nucleus and mitochondria will be damaged 
(35). Notably, CCA-1.1 suppressed the basal 
respiratory in MDA-MB-231 cells, indicating 
the potential for mitochondrial dysfunction. 
The acute oxidative stress is because the drug 
treatment might enhance ROS levels, induce 
mitochondrial dysfunction in TNBC cells, 
some mediators to release from mitochondria 
and initiate programmed cell death (apoptosis) 
(36). These findings could be worth studying in 
the future to better understand the mechanism of 
CCA-1.1 in mitochondria. Reckoning with the 
prior reports that revealed that CCA-1.1 exhibited 
more cytotoxic effect than curcumin (37), 
followed by the synergistic effect of CCA-1.1 
with doxorubicin in T47D, 4T1, and 
MCF7/HER2 cancer cells (4,20) or in 
combination with PGV-1 in CML K562 cells 
(5), there is an opportunity to also combining 
this curcumin analog with another existing 
chemotherapy with different molecular targets 
to enhance the efficacy of eliminating 
aggressive breast cancer cells. 
 

CONCLUSION 
 

Given these results, this study proposed the 
putative molecular mechanism of CCA-1.1 in 
MDA-MB-231 and HCC1954 cells: induce 
metaphase arrest, enhance intracellular ROS 
level in cancer cells, mediate senescence and 
mitochondria dysfunction. Further exploration 
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is essential to investigate the molecular-based 
mechanism underlying the anti-tumorigenic 
effect of CCA-1.1, focusing on centrosome 
proteins that may interfere with mitotic arrest or 
the effect on ROS-metabolizing enzymes.  
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