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Chemoprevention-curcumin analog 1.1 (CCA-1.1), an upgraded 
compound of Pentagamavunone-1 (PGV-1), has been synthesized and proven 
to have antiproliferative effects against breast cancer cells. This study is 
designed to investigate the potency of CCA-1.1 alone and in combination with 
doxorubicin (Dox) on T47D cells in comparison with that of PGV-1. We used 
the MTT assay to assess cytotoxic activity. Propidium iodide (PI), annexin-V–
PI, and DCFDA staining were respectively used to determine cell cycle profiles, 
apoptosis, and intracellular reactive oxygen species (ROS) levels. Senescent 
cells were identified using the SA--galactosidase assay. Our results revealed 
that CCA-1.1 possesses cytotoxic effects similar to those of PGV-1 on T47D 
cells. Synergistic effects during co-treatment with Dox were also observed. 
CCA-1.1 arrested cell cycle progression at the G2/M phase and limited sub-G1 
accumulation, which is correlated with apoptosis. CCA-1.1 alone and in 
combination with Dox increased senescence and intracellular ROS to a similar 
level to those achieved by PGV-1. CCA-1.1 alone and in combination with Dox 
enhanced cytotoxic activity toward T47 cells compared to PGV-1. Thus, this 
curcumin analog may be served as a potential chemotherapeutic/co-
chemotherapeutic candidate for estrogen receptor-positive (ER+) breast 
cancer therapy.  
Keywords: New curcumin analog (CCA-1.1), cell cycle, apoptosis, T47D 
cells, breast cancer  

 

 
INTRODUCTION 

Chemoprevention-curcumin analog 1.1, a 
new curcumin analog derived from PGV-1, (CCA-
1.1; Figure. 1) (Utomo et al., 2020) shows potential 
inhibitory effects against several cancer cells, 
including T47D breast cancer cells compared with 
its lead compound. CCA-1.1 has been reported to 
interact with several types of target proteins, such 
as HER2, EGFR, IKK, and ER (Utomo et al., 2020), in 
silico. A recent study showed that CCA-1.1 
stimulates apoptosis, G2/M phase disruption, 
intracellular reactive oxygen species (ROS) 

generation, and senescence induction in human 
colon cancer WiDr cells (Wulandari et al., 2020). 
PGV-1, the lead compound, demonstrates strong 
inhibitory effects via ROS advancement in 4T1 
(Meiyanto et al., 2019), a triple-negative breast 
cancer cell line. The inhibitory target of PGV-1 in 
T47D breast cancer cells appears to be the 
microtubule, in which hyperploid formation is 
induced and apoptosis is increased (Da’i et al., 
2007). These phenomena distinguish from PGV-1 
that stimulated cell cycle arrest specifically at 
prometaphase  in  K562  cells  (Lestari et al., 2019)  



New Curcumin Analog, CCA-1.1 

Volume 31 Issue 4 (2020) 245 

but differ from curcumin (Lee & Langhans, 2012) 
and even anti-microtubule drugs (Bates & Eastman, 
2017). Furthermore, PGV-1 displays co-
chemotherapeutic effects by increasing the 
cytotoxic activities of doxorubicin (Dox) and 5-FU 
in HER2-overexpressing breast (MCF7/HER2) and 
WiDr cancer cells (Meiyanto et al., 2018), 
respectively; indeed, PGV-1 could even increase the 
sensitivity of Dox-resistant breast cancer cells 
(Meiyanto et al., 2014). Because CCA-1.1 features a 
chemical properties that may be essential for its 
development into a therapeutic dosage form for 
clinical usage (Utomo et al., 2020), the possibility of 
CCA-1.1 mimicking the anticancer activities of PGV-
1 should be considered in explorations of potential 
anti-breast cancer therapy candidates. 
 

 

(A) 

 

(B) 

      
Figure 1. Chemical structures of the compounds of 
interest. (A) Pentagamavunone-1 (PGV-1; 2,5-bis-
(4-hydroxy-3,5-dimethylbenzylidene)-
cyclopentanone) and (B) CCA-1.1 (2,5-bis-(4-
hydroxy-3,5-dimethylbenzylidene) cyclopentanol). 

 
Breast cancer is an extremely 

heterogeneous disorder comprising numerous 
genetic and epigenetic alterations with various 
clinical characteristics (Griffith et al., 2018).                  
Thus, obtaining new anticancer drugs with a 
targeted mechanism poses significant challenges. 
Most human breast cancers are classified as 
estrogen receptor-positive (ER+) (Kelly et al., 
2017). While noticeable changes in hormone 
expression may be used as molecular markers, 
breast cancer is also propelled by genomic 
instability (GI) (Abbas et al., 2013) and influenced 
by the tumor microenvironment (Lal et al., 2017). 
This complexity is a critical factor in choosing a 
suitable experimental model because in                        
vitro  studies  consistently  utilize cell lines as tools 

 

(Holliday  and  Speirs,  2011;  Kao et al., 2009).  The  
hormone-dependent T47D cell line is known as a 
luminal A subtype of the ER+ human breast cancer 
cell line (Yu et al., 2017, p. 47). T47D cells are 
characterized by mutations in p53 and have 
aneuploid chromosomes (Yu et al., 2017). The 
mutation in the p53 gene is the most frequent 
trigger for genetic alterations in human cancers 
that regulates various biological functions, 
including cell cycle progression, senescence, 
proliferation, DNA repair, and apoptosis (Griffith et 
al., 2018). T47D cells develop improperly aligned 
chromosomes by failing to undergo mitosis, leading 
to aneuploidy or polyploidy (Chen and Ni, 2006; 
Otto, 2007). Therefore, the T47D cell line is an 
appropriate model to assess and compare the 
anticancer effects of CCA-1.1 alone and in 
combination with Dox with those of PGV-1. This 
study intended to constitute the activity of CCA-1.1 
as a chemotherapeutic agent, especially in terms of 
the cell cycle, ROS-related apoptosis, and 
senescence against ER+ breast cancer.  The results 
will provide new extensive confirmation of CCA-1.1 
as a single and co-chemotherapeutic agent for ER+ 
breast cancer. 

 

MATERIALS DAN METHODS 
Chemicals and Cell Lines  

CCA-1.1 and PGV-1 were provided by the 
Cancer Chemoprevention Research Center              
(Utomo et al., 2020), Faculty of Pharmacy, UGM. 
The T47D cell line was obtained from Nara  
Institute of Science and Technology, Japan, and 
maintained in DMEM supplemented with 1% 
penicillin–streptomycin (Gibco), 10% (v/v) FBS 
(Sigma), sodium bicarbonate (Sigma), and HEPES 
(Sigma). 

 
Cytotoxic Assay 

T47D cells (7 × 103 cells/well) were                  
plated onto 96-well plates and treated with CCA-
1.1, PGV-1, Dox, and the combination of CCA-1.1 
and Dox at different concentrations. Following                
24h of treatment, each well was added with                        
0.5mg/mL of MTT reagent (Sigma) in DMEM                  
and then incubated for another 3 h. The MTT 
reaction was terminated by addition of stopper 
reagent (10% Sodium dodecyl sulfate (Merck)                   
in HCl 0.01N (Merck)) and overnight incubation. 
The absorbance of the wells was measured using a 
microplate reader (BioRad) at 595nm. The 
corresponding IC50 and combination index (CI) 
value were then calculated. 
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Cell Cycle Analysis 
Cells were plated on six-well plates at a 

density of 2 × 105 cells/well, treated with                          
CCA-1.1, PGV-1 (4 or 8M) or 100nM Dox, and 
cultured  for 24h. Cell pellets were generated by 
centrifugation, collected, and washed with                   
buffer solution. Propidium iodide staining                         
was carried out according to the manufacturer of 
the BD Cycletest™ Plus DNA Kit (USA) and analyzed 
using a BD Accuri™ C6 flow cytometer (BD 
Bioscience). 

 
Apoptosis Assay 

Annexin-V–propidium iodide (PI) reagent 
was used to analyze apoptosis. Briefly, cells were 
plated on six-well plates at a density of 2 × 105 
cells/well and treated with CCA-1.1, PGV-1, or Dox 
for 24h. Centrifugation was conducted to collect the 
cells, which were subsequently stained for 10min. 
Apoptotic cells were finally determined by flow 
cytometry.  

 
DCFDA Staining ROS-based assay 

T47D cells were plated on 24-well plates                 
at a density of 5×104 cells/well and cultured 
overnight. The medium was removed, and the               
cells were collected in 1 × supplemented buffer 
500L (FBS 10% in PBS) by trypsin EDTA. The cells 
were stained for 30min with 25M DCFDA (Sigma) 
and then treated with CCA-1.1 alone, PGV-1 (4 or 
8M) alone, or CCA-1.1 with Dox for 4h. 
Intracellular ROS levels in the cell suspensions 
were then measured by the BD Accuri C6™ flow 
cytometer.  

 
SA--Gal Senescence Assay 

T47D cells (2×105 cells/well) were plated  
on a six-well plate overnight. A series of 
concentrations of CCA-1.1, PGV-1, and the 
combination of CCA-1.1 and Dox was added to the 
cells, and incubation was carried out for 24h. The 
cells were washed with PBS, fixed for 20min, and 

 
 
 

Figure 2. Cytotoxic effect on T47D growth profile of CCA-1.1, PGV-1 (A), doxorubicin (Dox) (B), combination 
of CCA-1.1 with Dox (C), and CI values. An amount of 7 × 103 cells/well were treated by CCA-1.1, PGV-1, and 
doxorubicin for 24h as described in the Method section. The data was presented as average ± standard 
error (SE) (n = 3). 
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then added with 1-2mL of staining solution.                 
The plate was incubated for three days at 37°C.                 
-Galactosidase (Gal)-positive cells (green) were 
observed under an inverted microscope (CKX-41 
Olympus). 

 
Data analysis  

Cytotoxicity study was analysed by 
determining IC50 value. Cell cycle distribution, 
apoptosis, and ROS level were acquired by using BD 
C6 Flowcytometry. Data presented as mean ± SD, 
followed by statistical analysis using Student’s t-
test. P-values (*p<0.05; **p<0.01) are included in 
each Figure accordingly. 
 

RESULTS AND DISCUSSION 
Effects of Single and Combination Treatment of 
CCA-1.1, PGV-1, and Doxorubicin on T47D Cells 

This study aimed to establish the activity of 
CCA-1.1 as a prospective single or co-chemo-
therapeutic agent, particularly in combination with 
Dox. Thus, we evaluated the biological effects of 
this new curcumin analog alone and in combination 
with Dox on ER+ breast cancer cells. First, we used 
the MTT assay to assess the cytotoxic effect of               
CCA-1.1 alone on T47D cells in comparison with 
that of PGV-1 as the reference compound, beside    
Dox    as    the   chemotherapeutic    model. CCA-1.1 
and PGV-1 showed similar cytotoxic effects. The 
IC50 values of CCA-1.1, PGV-1, and Dox were 7M, 
8M, and 100nM, respectively (Figure 2).                    
These results reveal that CCA-1.1 has effects 
equivalent to those of PGV-1 and could be 
developed as an anticancer candidate for ER-
positive breast cancer.  

Dox is known as the standard 
chemotherapeutic drug for breast cancer but 
induces several adverse effects and, eventually, 
drug resistance (Bandyopadhyay et al., 2010). 
Combinatorial therapy is often carried out to 
increase the efficacy of cancer treatment (Reynolds 
& Maurer, 2005). Thus, we co-treated T47D cells 
with Dox and a series of different concentrations of 
CCA-1.1. The results showed that the combination 
treatment of CCA-1.1 and Dox at the IC50 
concentration (100nM, 24h) decreases cell viability 
by up to 50% (Figure 2). All of the combination 
treatments showed synergistic effects (CI<0.9). 
This finding indicates that CCA-1.1 shows 
improved cytotoxic effects in combination with 
Dox. 

 
 
 

Effects of CCA-1.1 and Doxorubicin Treatment 
on the Cell Cycle Profile of T47D Cells 

Because cell cycle progression is the 
cytotoxic target of PGV-1, we conducted flow 
cytometric analysis to observe the effects of CCA-
1.1 alone and in combination with Dox on the cell 
cycle profiles of T47D cells. Dox is a 
chemotherapeutic drug that typically generates cell 
cycle arrest at the G2/M phases. We thus expected 
that the cell cycle modulation of CCA-1.1 is 
probably equivalent to that PGV-1, which is known 
to cause G2/M phase accumulation in numerous 
cancer cells, including T47D (Da’i et al., 2007). The 
results confirm that our compound significantly 
increases G2/M phase accumulation (p < 0.05) 
when applied as a single treatment or in 
combination with Dox (Figure. 3). Interestingly, 
treatment with PGV-1 alone exhibited significantly 
more polyploid cell accumulation than treatment 
with CCA-1.1 (p < 0.05). We also noted that CCA-1.1 
and PGV-1 (alone and in combination with Dox) 
induces sub-G1 accumulation (p < 0.05), which may 
indicate apoptosis. This result also reveals that the 
cytotoxic synergism of CCA-1.1 and Dox is most 
likely related to the increasing evidence of sub-G1 
population that maybe even in conjunction with 
cell cycle arrest at G2/M. Thus, CCA-1.1 alone or in 
combination with Dox may cause cell cycle arrest 
leading to enhanced apoptosis. 

 
Apoptosis induction of CCA-1.1 and Dox on 
T47D cells 

To confirm that sub-G1 accumulation of the 
treatment indicated as apoptotic cells, we 
conducted flow cytometric assay with annexin-V–
PI staining. PGV-1, the reference compound                          
of CCA-1.1, could inhibit cell growth by actively 
inducing apoptosis in T47D cancer cells but not in                      
(non-cancerous) NIH-3T3 cells (Da’i et al., 2007). 
We found that CCA-1.1 applied at concentrations of 
4 or 8 M as a single treatment or in combination 
with Dox (24 h) significantly increases                          
the apoptosis of T47D cells when compared                  
with PGV-1 and Dox (Figure. 4). However, we found 
that the numbers of apoptotic cells in treatments 
with CCA-1.1 alone and in combination with Dox 
are not significantly different. This phenomenon 
indicates that the effect of CCA-1.1 on cell apoptosis 
dominates than that of Dox. These results confirm 
that apoptosis is correlated with  cell  cycle  arrest  
(Shah  and  Schwartz, 2001).  
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In the present study, we assumed that                             
the mechanisms of CCA-1.1 as a chemotherapeutic 
or co-chemotherapeutic agent would be similar                
to those of PGV-1, the anticancer mechanisms                     
of which are related to cell cycle arrest                            
and apoptosis, senescence, and ROS accumulation 
(Lestari et al., 2019; Meiyanto et al., 2018,                
2019).  

 
Effects of CCA-1.1 and Dox Treatment on 
Intracellular ROS Levels in T47D Cells  

Maintenance of the appropriate intracellular 
ROS level is critical to the survival of a cell. ROS 
disrupts essential macromolecules within a cell, 
resulting in cell cycle arrest or apoptosis. With the 
active metabolism with the consequence of 
increasing ROS, cancer cells express ROS metabolic 
enzymes to compensate these phenomena 

(Larasati et al., 2018; Ray et al., 2012). 
Chemotherapeutic agents, including Dox, can 
generate large amounts of ROS in cells, leading to 
cytotoxic effects (Tacar et al., 2013). To confirm 
that the effects of the test compounds on cell cycle 
arrest and apoptosis are related to ROS generation, 
we measured the ROS levels of T47D cells stained 
with DCFDA by flow cytometry. Dox (100 nM, 4 h) 
significantly (p < 0.01) elevated intracellular ROS 
levels in T47D cells (Figure. 5). The combination of 
CCA-1.1 (4 M) and Dox revealed the highest ROS 
levels among the treatments studied (p < 0.001). 
Co-treatment of CCA-1.1 at a concentration of 8 M 
and Dox yielded ROS levels similar to those 
obtained from Dox alone. Overall, single and 
combination treatment of CCA-1.1 or PGV-1 yielded 
ROS levels higher than or at least similar to those 
induced by Dox.  

 
 

 
 
Figure 3. Effects of CCA-1.1, PGV-1, CCA-1.1 + doxorubicin (Dox) on the cell cycle profile of T47D cells. Cells 
(2 × 105 cells/well) were treated with CCA-1.1, PGV-1, or Dox for 24h, stained with PI as described in the 
Methods section, and then subjected to flow cytometric analysis. (A) Flow cytograms of each treatment.               
(B) Graph of the % cell population of each phase. The data are presented as average ± standard deviation 
(n = 3). 
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Effects of CCA-1.1 and Doxorubicin Treatment 
on Senescence Induction  

High ROS levels in cells are usually linked to 
senescence induction, physiological changes of 
cells, whether it is not proliferating nor die                   
(Baar et al., 2017). Senescence has been      
correlated with prolonged cell cycle arrest and 
apoptosis. To clarify our hypothesis, we conducted 
SA--Gal-based assays. Among the treatments 
studied, Dox, a known senescence-inducing               
agent, induced the most extensive (p < 0.001) 
senescence, followed by CCA-1.1 and PGV-1 in 
single and combination treatment, which 
significantly (p < 0.001) induced similar levels of 

senescence in T47D cells (Figure 6). T47D-cells 
treated with the test compounds displayed   
distinct morphological changes; for example,               
they grew larger and showed multiple nuclei, 
which indicates that the cells failed to divide.  
Taken together, these results demonstrate that cell 
cycle arrest, apoptosis, and ROS generation due to 
CCA-1.1 and Dox may be correlated with 
senescence.  

T47D cells originate from mutations in p53 
and feature aneuploid chromosomes (Fernandez et 
al., 1994; Yu et al., 2017). PGV-1 can induce T47D 
cell apoptosis by increasing caspase activation  
with  polyploid   transition  (Meiyanto  et al., 2007).  

   (A) 

 
 

 (B) 
 

 
Figure 4. Effects of CCA-1.1, PGV-1, and its combination with doxorubicin (Dox)-induced apoptosis on T47D 
cells. Cells (2 × 105 cells/mL) were incubated with CCA-1.1 and PGV-1 at a concentration of 4 or 8 M for 
24 h and then stained with annexin-V–PI. (a) Flow cytograms of each treatment. (b) Quantification of % 
apoptotic cells. The data are presented as mean ± standard deviation (n = 3). 
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This study aimed to observe and compare the 
cytotoxic effects of CCA-1.1 alone and in 
combination with Dox with those of PGV-1. An 
exciting result of this research is that CCA-1.1 not 
only has cytotoxic effects equivalent to those of 
PGV-1 but also shows cytotoxic potentiation with 
Dox. This co-treatment effect has significant 
synergistic characteristics and reveals that our 
target compound can be further developed as a 
single or co-chemotherapeutic agent with Dox. 
Previous studies revealed that PGV-1 exerts 
synergistic effects with Dox and 5-FU on T47D and 
MCF7 (Da’i et al., 2007; Hermawan et al., 2011) and 

WiDr cancer cells (Meiyanto et al., 2018). 
Therefore, the synergistic effect of CCA-1.1 may 
also be applicable to other types of cancer cells. 
Combination therapy is expected to provide more 
effective treatments for cancer with fewer adverse 
effects. 

Our findings suggest that the synergistic 
effects of the combination treatment may be 
related to enhancements in apoptosis. Cell                   
cycle analysis revealed an increase in the 
population of cells in the sub-G1 phase.              
However, this profile does not match the results            
of   apoptosis   determined   by   annexin-V staining.  

 

 
 
Figure 5. Effects of CCA-1.1, PGV-1, and CCA-1.1 + doxorubicin (Dox) on intracellular ROS accumulation in 
T47D cells. (A) Flow cytograms and (B) graph of ROS levels. Cells (5 × 104 cells/well) were incubated with 
CCA-1.1 or PGV-1 at a concentration of 4 or 8 µM for 4 h and stained with DCFDA. ROS measurement was 
carried out by flow cytometry. The data are presented as mean fluorescence ± SE (n = 3). Differences among 
treatments were analyzed using Student’s t-test (*p < 0.01; **p < 0.001). 
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Evaluation of cell apoptosis using annexin-V 
staining revealed that CCA-1.1 alone induces 
apoptotic effects that far exceed those of Dox. 
Combination treatment yielded apoptotic effects 
similar to those induced by CCA-1.1 alone. 
Differences in the present results may be attributed 
to differences in the sensitivity of the test systems 
used to determine cell cycle profiles and apoptosis 
(Zhao et al., 2019). The test system used to assess 
the cell cycle of T47D cells is appropriate for 
observing cell distributions in the G1, S, and G2/M 

phases (Pozarowski and Darzynkiewicz, 2004). By 
comparison, the annexin-V system evaluates 

changes in membrane dynamics characterizing 
apoptosis, which means its results are highly 
specific for assessing apoptosis (Darzynkiewicz et 
al., 2001). The results reveal that the extent of cell 
apoptosis induced by the combination treatment is 
due more to the effects of CCA-1.1 than to those of 
Dox. Thus, CCA-1.1 plays an essential role in enhan-
cing cytotoxic effects, both as a single treatment 
and     in    combination    with    other    treatments. 

 

 
 
Figure 6. Induction of senescence in T47D cells following treatment with CCA-1.1, PGV-1, or CCA-1.1 + 
doxorubicin (Dox) treatment. Senescent cells were determined using SA-β galactosidase (Gal) staining 
assay. Cells (1 × 105 cells/mL) were treated with CCA-1.1 or PGV-1 for 24 h and then subjected to SA--Gal 
staining. The percentage of senescent cells (i.e., -Gal-positive cells, indicated by blue arrows) was 
calculated. (A) Cell morphology and (B) percentage of senescent cells. The data are presented as mean ± 
standard deviation (n = 3). Differences between treatment groups and untreated group were analyzed 
using Student’s t-test (*p < 0.001). 
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Interestingly, CCA-1.1 results in more substantial 
apoptotic effects than PGV-1 after 24 h of 
treatment. The selectivity of PGV-1 has been 
previously established (Lestari et al., 2019), 
distinguishing between its actions in cancer cells 
and the maintenance of healthy cells in vitro and in 
vivo, as well as CCA-1.1, revealed to be less 
cytotoxic to NIH-3T3 (Utomo et al., 2020), healthy 
cells. These results reveal that CCA-1.1 is an 
excellent candidate for development into a new 
selective anticancer agent. 

Observation of the effect of the treatments 
on cell cycle progression revealed slightly different 
phenomena between PGV-1 and CCA-1.1. CCA-1.1 
causes more cell accumulation in the G2/M phase 
than PGV-1 but is less visible with polyploidy cells 
than PGV-1. Polyploidy phenomena by 
chemotherapeutic agents on T47D cells are 
common evidence and can be caused by cells failing 
to do cytokinesis (Da’i et al., 2007; Otto, 2007). 
PGV-1 has been reported to exert polyploidy effects 
on T47D cells (Da’i et al., 2007). Whether this effect 
indicates that CCA-1.1 has more substantial effects 
on G2/M phase cycle cell arrest than PGV-1 

requires further clarification. However, because 
the apoptotic effect of CCA-1.1 appears to be more 
extensive than that PGV-1, it seems that the effect 
of cell cycle arrest by CCA-1.1 will directly cause 
apoptosis. Termination of the cell cycle in the G2/M 
phase by PGV-1 treatment allows cells to undergo 
partial mitosis without cytokinesis (Lestari et al., 
2019; Meiyanto et al., 2019). The difference in the 
effects of the treatments on cell cycle arrest 
demonstrates that CCA-1.1 is more effective in 
stimulating apoptosis than PGV-1. Besides its 
strong effect on inducing apoptosis, CCA-1.1 also 
has remarkable effects on cell cycle arrest in the 
G2/M phase. This effect was observed after 
treatment for 24 h and may be expected to become 
more extensive when the incubation time is 
increased. 

The potent cytotoxicity of CCA-1.1 was 
further illustrated by the treatment’s ability to 
increase intracellular ROS levels and enhance 
senescence in T47D cells (Figure 7). Cytotoxic 
effects are associated with the disturbance of 
several ROS metabolic enzymes, which results in 
ROS accumulation in cells, increased stress 

 
 

Figure 7. The proposed cytotoxic mechanism of CCA-1.1 in T47D breast cancer cells. 
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environments, and, finally, cell death (Larasati et 
al., 2018). Compared with Dox alone and in 
combination with CCA-1.1 (8 M), co-treatment of 
Dox with CCA-1.1 (4 M) yielded the highest ROS 
levels. The difference in ROS level between the two 
treatments may be due to the prompt occurrence of 
apoptosis after treatment with a higher 
concentration of CCA-1.1 in the combination 
treatment. Evaluation of cell apoptosis indicated 
that the effects of CCA-1.1 dominate those of Dox. 
This finding is in line with a previous study that 
revealed that PGV-1 could effectively elevate ROS 
levels much faster (2–4-hours) than curcumin 
(Larasati et al., 2018; Lestari et al., 2019; Meiyanto 
et al., 2019). All treatments induced the same level 
of senescence. This finding supports the 
supposition that increased ROS and senescence 
occur before apoptosis, and those pieces of 
evidence have a close relationship. Because the 
ability of curcumin derivatives to elevate 
intracellular ROS contributes to their cytotoxic 
effects on cancer cells (Nakamae et al., 2019), the 
selectivity and interactions of CCA-1.1 with ROS 
metabolic enzymes must be studied further. 

Since we used T47D cells, which are also 
characterized with ER-positive and found in over 
70% of all cancer cases (Yu et al., 2017), CCA-1.1 
needed to be elaborated more for its molecular 
mechanism because several types of cells had 
different characteristics for their cell signaling 
(Holliday & Speirs, 2011). Dox is a 
chemotherapeutic agent often used to treat ER+ 
breast cancer (Ponnusamy et al., 2017). 
Unfortunately, because cancers are highly 
persistent, further improvements in therapy, 
including chemotherapeutic treatments, endocrine 
therapy, and targeted therapy, are necessary. 
Physiological estrogen levels have been reported to 
limit the cytotoxic effects of Dox and may confer 
cancer cells with chemotherapeutic resistance 
(Kelly et al., 2017; Pritchard et al., 2012). PGV-1, a 
lead compound based on curcumin, is a 
phytoestrogen that may bind to specific ERs in 
some tissues, either activating or down-regulating 
cellular responses to be a natural selective ER 
modulators (SERMs) (Hallman et al., 2017). 
Curcumin also presents anticancer activity by 
interrupting estrogen signaling in cancer cells 
through encounter cell proliferation effect and 
downregulated the tumor suppressor protein 
(Hallman et al., 2017). CCA-1.1 shows excellent 
anticancer effects and chemical properties and may 
be expected to mimic the anticancer activity of 
curcumin in ER+ breast cancer cells. A previous 

study reported that CCA-1.1 has better interactions 
with ER compared with PGV-1, likely because the 
former features a hydroxyl group that could form 
hydrogen bonds with ER in its cyclic structure, 
thereby leading to enhanced affinity (Utomo et al., 
2020). Whether CCA-1.1 exerts antagonist effects 
on ER signaling, similar to curcumin, should be 
further explored. Overall, our findings suggest that 
CCA-1.1 alone and in combination with Dox induces 
more extensive apoptosis in T47 cells than PGV-1. 
Thus, the new curcumin analog may be developed 
as a chemotherapeutic/co-chemotherapeutic 
candidate for ER+ breast cancer therapy. 
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