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R E S E A R C H  A R T I C L E

BACKGROUND: Colon cancer is still a crucial 
concern in the development of chemotherapeutic 
drugs due to the drug resistance phenomenon and 

various side effects to patients. One of the newest compound 
that show anticancer activities against several cancer cells, 
Chemoprevention Curcumin Analog 1 (CCA-1.1), has 
increasingly been explored to overcome the limitation of 
conventional drugs. 

METHODS: We evaluated the anti-migratory effect of 
CCA-1.1 and Pentagamavunone-1 (PGV-1) by using WiDr 
colon cancer cells. The expression profiles of Tumor Protein 
53 (TP53) and Matrix Metalloproteinase-9 (MMP9) in 
colon cancer were obtained from the UALCAN database. 
Survival outcomes of TP53 and MMP9 in colon cancer 
patients were analyzed using the Kaplan-Meier method. We 
used 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 
bromide (MTT), scratch wound healing, and gelatin 
zymography assays to observe the cytotoxic effect, anti-

migratory activity, and MMP9 expression, respectively, in 
CCA-1.1 or PGV-1-treated cells. 

RESULTS: Level of MMP9 was found significantly 
overexpressed in the primary tumor and metastasis nodal, 
while TP53 mutation sample types were observed and 
influenced the survival outcome in colon cancer patients. 
CCA-1.1 and PGV-1 exhibited strong cytotoxic activity 
after 24 and 48 h treatment against WiDr cells. The 
migration assay demonstrated that PGV-1 and CCA-1.1 at 
1 mM inhibited cell migration up to 40% after 48 h in single 
and combination with doxorubicin. The MMP9 expression 
was significantly inhibited by 0.5 mM CCA-1.1. 

CONCLUSION: This study emphasizes that the anti-
migratory effect of CCA-1.1 is better than PGV-1 via MMP9 
suppression on WiDr. Thus, CCA-1.1 is prominent to be 
developed as an anti-metastatic agent.
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Abstract

Introduction

The newest compound of curcumin analog, named 
Chemoprevention Curcumin Analog-1.1 or CCA-
1.1 (2,5-bis-(4-hydroxy-3,5-dimethyl benzylidene)-

cyclopentanol) (Figure 1), has been auspiciously 
synthesized and gain more attention to be deeply explored 
for its anticancer activities. CCA-1.1 improved steadier 
chemical and physical features than its parent compound, 
Pentagamavunon-1 (PGV-1). The cytotoxic activities 
of CCA-1.1 against several cancer-cell types have been 



272

The Indonesian Biomedical Journal, Vol.13, No.3, September 2021, p.221-336 Print ISSN: 2085-3297, Online ISSN: 2355-9179

studied and performed high selectivity in non-cancerous 
cells. CCA-1.1 performed unique anticancer-properties 
differently in numerous cancer cells.(1,2) The potential 
target of CCA-1.1 through bioinformatics studies in colon 
cancer have been conveyed (3), and CCA-1.1 also caused 
extreme intracellular reactive oxygen species (ROS) level, 
resulting in cell senescence and cell cycle arrest in WiDr 
colon cancer cells in vitro. As anti-metastasis, CCA-1.1 
performs an anti-migratory effect in T47D cells, interacts 
with Matrix Metalloproteinase-2 (MMP2) and MMP9,  
and suppresses their expressions.(4) Those reported data 
encourage CCA-1.1 for broadened elucidate of its anti-
metastasis mechanism against different cancer cells.
	 Colon cancer continues to be a challenge in cancer 
research, mainly in the development of chemotherapeutic 
agents, due to drug resistance and numerous side effects 
(5), despite considerable improvements in cancer diagnostic 
and treatment to extend quality of life in recent (6). In this 
study, we intended to defeat the drawback of marketed 
chemotherapeutic drugs in treating cancer cells by 
developing a targeted anti-metastasis agent for colon cancer, 
since chemotherapy still the foremost choice though there 
remains a risk of unwanted side effects.(7) Colon cancer 
patients often come up with stage IV metastatic when being 
diagnosed, and the survival rate is less than 10%, although 
they had given optimal supportive care.(7) As the first-line 
treatment option for metastatic colon cancer, 5-fluorouracil 
(5-FU) remains have numerous side effects such as 
cardiotoxicity and bone marrow suppression.(8) Cellular 
dysfunction and several gene mutations such as Tumor 
Protein 53 (TP53), Kirsten rat sarcoma viral oncogene 
homolog (KRAS), and adenomatous polyposis coli (APC) 
in colon cancer cells drive excessive cancer metastasis 
progression and radically disturbed these therapies.(9,10).  	
	 For this purpose, PGV-1 and CCA-1.1 may be afforded 
the opportunity because of their lower toxic potential 

Methods

Figure 1. Chemical Structure of PGV-1 (2,5-bis-(4hydroxy-3,5-dimethylbenzylidene)cyclopentanone) (A) and CCA-1.1 (2,5-bis-(4-
hydroxy-3,5 dimethylbenzylidene)cyclopentanol) (B).

to be taken orally. We used WiDr cells, which contain 
missense-type mutant TP53 (11-13), as the model since 
the increasing number of TP53 mutations were detected 
when colon cancer has metastasized (14). The loss function 
of TP53 promotes the cancer cell progression and pushes 
forward Transforming Growth Factor beta-1 (TGF-b-l)-
induced metastasis.(9,15) Furthermore, CCA-1.1 described 
an anti-migratory activity against breast cancer-bearing 
TP53 mutation, T47D cells (4), and referring to PGV-1 as 
a potent inhibitor of WiDr (16), we assumed that PGV-1 
and CCA-1.1 might also have a role in the complexity of 
TP53 mutation-mediated colon cancer metastasis. The anti-
migratory effect of lead compounds (PGV-1) (17,18) can 
target MMP2, MMP9, Rac-1, vascular endothelial growth 
factor (VEGF), and other metastasis factors on breast cells 
also support us in believing that PGV-1 and CCA-1.1 would 
contribute to diminishing cell migration on colon cancer.
	 We continue to explore the anti-migratory effect 
of PGV-1 and CCA-1.1 as a candidate for anticancer 
involvement during cancer cell migration and MMPs 
expression in colon cancer cells. In this concern, we 
assessed the expression status of MMP9 in several types of 
colon cancer sample types and the predictive value from the 
UALCAN database.(19) We used WiDr cells treated with 
CCA-1.1 and PGV-1 to evaluate the MMP9 expression and 
the cell-migratory effects. This study supports the evidence 
of CCA-1.1 and PGV-1 to be developed as an anti-migratory 
or anti-metastatic agent for future clinical application.

Data Mining of MMP9
The MMP9 were analyzed through The Cancer Genome 
Atlas (TCGA) data portal using the UALCAN database.
(19) The applied setting of |Log2FC| cutoff: 2, p-value<0.05 
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and set to match with TCGA data. The MMP9 expression 
was analyzed based on specific amount (n) of TCGA sample 
types, including normal (n=41) vs. primary tumor (n=286), 
nodal metastasis status (N0 n=166; N1 n=70; N2 n=47), 
and TP53 mutation status (TP53-Mutant n=160; TP53-
NonMutant n=122). We validated the MMP9 expression by 
immunohistochemistry using The Human Protein Atlas by 
comparing normal vs. tumor tissue of colon. 

Survival Analysis to TP53 and MMP9 Expression in 
Colon Cancer Patients
Survival analysis of TP53 and MMP9 expression status in 
colon cancer was carried on the UALCAN website (19) 
according to the TCGA dataset. We analyzed the predictive 
value of genes (p-value<0.05) using a Kaplan-Meier 
method by comparing the gene expression of colon cancer 
samples in transcripts per million (TPM) expression. We 
analyzed high vs. low expression levels of TP53 and MMP 
in amounts of 71 and 208, respectively. 

Cell Culture
The   WiDr   cell   line   originally   was   obtained   from  
Parasitology Laboratory, Faculty of Medicine, Universitas 
Gadjah Mada, Indonesia, and maintained by Cancer 
Chemoprevention Research Center (CCRC) under 
American Type Culture Collection (ATCC) protocol. 
Cells were cultured in RPMI medium (#31800022, Gibco 
Life Technologies, CA, USA) complemented with fetal 
bovine serum (FBS) (10% v/v) (#10270-106, Gibco Life 
Technologies, CA, USA) penicillin and streptomycin 
(10,000 units/mL Penicillin and 10,000 µg/mL streptomycin) 
(#15140-148, Gibco Life Technologies). The confluence 
cells were harvested using trypsin-EDTA (#25200-056, 
Gibco Life Technologies) and re-grown in the well plate for 
further experiment.

Cytotoxic Assay
We used the modified MTT assay (16) to assess the 
cytotoxic activity. CCA-1.1 and PGV-1 were obtained from 
CCRC. The cells (1 × 103/well) were grown overnight in a 
96-well plate (#3599, Corning Incorporated-Life Sciences, 
Wujiang, Jiangsu). The next day, CCA-1.1 and PGV-1 at a 
concentration ranging from 0.5-20 µM (4) diluted in culture 
medium were given 24 and 48 h. The medium was removed 
and replaced with 100 µL of MTT (A10079, Biobasic, 
Markham, ON, Canada) solution with a final concentration 
of 0.5 mg/mL and incubated until the formazan crystal 
(#100317, Merck, Kenilworth, NJ, USA) was formed 
(4 h). The enzymatic reaction was stopped using SDS (# 

436163, Sigma Aldrich, St. Louis, MO, USA)-HCl (0.01 
N) and stored overnight in a dark place. The absorbances 
were observed using a microplate reader (Serial No. 1156, 
Biorad, Hercules, CA, USA) and further used for calculating 
the IC50 value.(21)

Migration Assay
We assessed the migratory activities of 10 nM Dox (D1515, 
Sigma Aldrich) (as positive control), CCA-1.1, and PGV-1 
(at the doses 0.5 and 1 µM), in single or combination with 
Dox in WiDr cells through the scratch wound-healing assay.
(4,22) The cells (50 × 103/well) were grown in a 24-well 
plate (#3820-024, Iwaki Cell Biology, Lardejero, Spain) 
overnight. The next day, the medium was replaced with 
a starvation medium (0.5% FBS and contained 1 µg/mL 
mitomycin (#133-15931, FUJIFILM Wako Pure Chemical 
Corporation, Osaka, Japan)) for 18 h. The cells were washed 
with phosphate-buffered saline (PBS) (P5493, Sigma 
Aldrich), and a scratch was made using a sterile yellow tip 
for each well, followed by treatment using CCA-1.1, PGV-
1, Dox, or their combination. The gap closure was captured 
at a specific time interval using an inverted microscope and 
calculated as the closure percentage using ImageJ software 
(version 1.51).

Gelatin Zymography
The cells (50 × 104 /well) were plated in a 6-well plate (#3810-
06, Iwaki Cell Biology) overnight, then treated with the 
tested compounds, including 10 nM Dox (positive control), 
CCA-1.1, and PGV-1 (at the doses 0.5 and 1 µM), in single 
or combination with Dox using the starvation medium 24 
h. The culture medium was collected and further prepared 
for the protein sample.(22) Briefly, 20 µL of prepared-
protein extract from each treatment group was analyzed by 
SDS-polyacrylamide gel (PAGE) (L3771, Sigma Aldrich) 
containing 0.1% gelatin (G1890, Sigma Aldrich). The 
gels were rinsed using Triton X-100 2.5% (T8787, Sigma 
Aldrich), followed by incubation in incubation solution for 
24 h at 37°C. On the next day, the incubation solution was 
replaced with Coomassie blue (B7920, Sigma Aldrich) and 
shaker for 30 min. Then, the gels were destained in 80% 
methanol (#106009, Merck) and 10% acetic acid (#100063, 
Merck) (1 h). The quantitative analysis of gelatinase activity 
from the zymography which displayed as clear bands were 
conducted by ImageJ version 1.51.

Statistical Analysis
The data presented in this study were demonstrated as the 
mean of 3 data±standard error (SE). We assessed one-way 
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Figure 2. The MMP9 expression in colon cancer. A: in normal (n=41) vs. primary tumor (n=286); B: metastases nodal (N0 n=166; N1 
n=70; N2 n=47); C: TP53 mutant (TP53-Mutant n=160; TP53-NonMutant n=122) sample types from UALCAN database; D: the map of 
MMP immunohistochemistry in the colon tissues from the human protein Atlas dataset (red arrows indicated tumor cells and the red square 
indicated MMP9 antibody staining was detected (brown color)). Blue bar: 100 mm.

4

analysis with variance (ANOVA) (p<0.05) continued by post 
hoc Dunnett’s test to define the differences between groups 
by using IBM SPSS Statistic Ver. 25 (IBM Corporation, 
Armonk, NY, USA). 

Results

The Expression of MMP9 in Colon Cancer
The MMPs protein, specifically MMP9, carries out the 
selective proteolytic degradation of extracellular matrix 
(ECM) to facilitate compulsory steps for cancer cell 
migration and invasion. Increased MMP expressions 
generally promote hallmarks of cancer progression, 
including angiogenesis, invasion, and metastasis, and 
correlate with shortened patient survival. We generated 
the UALCAN online database based on TCGA dataset and 
found that MMP9 expressions were significantly higher in 
primary tumor compared to normal colon tissue (Figure 

2A). Based on nodal metastases status, from no regional 
nodal spread (N0) to several degrees of nodal spread (N1-
N2), MMP9 expression was significantly higher than normal 
colon tissue (Figure 2B). In more detail, MMP9 expression 
was also higher in both TP53-Mutant and Non-Mutant 
sample types (Figure 2C). The higher MMP9 expressions 
were validated in colon tumor tissues than normal tissues 
using The Human Protein Atlas dataset (Figure 2D). The 
MMP9 antibody staining by immunohistochemistry was 
detected in moderate intensity in tumor colon tissue, but not 
in normal colon tissue.

Survival Analysis to TP53 and MMP9 Expression in the 
Colon Cancer Patient
We compared the survival rates of high and low TP53 (wild 
type) and MMP9 expression since the loss function of 
TP53 in colon cancer correlated with intricate downstream 
signaling leads to more aggressive and metastatic cancer 
cells.(23) The results showed that patients with high 
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TP53 expression survival rates were higher than those of 
patients with a low expression of TP53 protein. Otherwise, 
the higher expression of MMP9 had significantly shorter 
overall survival than those with a lower expression with a 
better prognosis (Figure 3). The expression status of TP53 
and MMP9 displayed an opposite pattern and encouraged 
their correlation in colon cancer progression.

CCA-1.1 Inhibits Growth of WiDr Colon Cancer Cells
We checked over the cytotoxic potency from CCA-1.1 
against WiDr colon cancer cells. The IC50 of CCA-1.1 and 
PGV-1 after 24 h of treatment obtained from the linear 
regression analysis were 5 and 12 µM, respectively (Figure 
4). The prolonged incubation up to 48 h of treatment resulted 
in the IC50 values of 0.5 and 1 µM, respectively, for CCA-
1.1 and PGV-1. 
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Figure 3. Survival analysis of TP53 and MMP9 genes in colon cancer patients. The red plots present the high expression (n=71) of each 
individual while the blue plots present the median/low expression (n=207) of each individual (p<0.05).

Figure 4. Cytotoxic effects from CCA-1.1 and PGV-1 on WiDr cells in 24 and 48 h treatment. Cells were grown overnight in 96-well 
plates and treated with CCA-1.1 or PGV-1. The cell viability was evaluated using MTT assay as mentioned in the method section. The data 
is presented as the mean±SE from three replications.

CCA-1.1 Inhibits Cells Migration of WiDr Colon Cancer 
Cells
We then conducted the scratch wound healing assay in 
WiDr cells to evaluate the potential inhibitory effect in 
colon cancer's metastatic progression. CCA-1.1 exhibited 
an anti-migratory effect at doses as low as 0.5 and 1 µM, 
more potent than PGV-1 (Figure 5). The combination of 
CCA-1.1 and PGV-1 with Dox (as positive control) resulted 
in a lower percentage of closure compared with single Dox, 
indicating that CCA-1.1 and PGV-1 have potency as an anti-
migratory agent in metastasis-induced colon cancer.  

CCA-1.1 Decreases the Expression Level of MMP9 on 
WiDr Cancer Cells
As the next step of CCA-1.1’s anti-migratory exploration, we 
observe the expression of MMP9 proteins, which implicates 
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evidently in the metastasis cascade, including cancer cell 
migration and invasion. Matrix metalloproteinase proteins, 
especially MMP9, mediates pro-inflammatory and degrades 
extracellular matrix components, enabling cancer cells to 
infect their adjacent cells and tissues. We tested the effect 
of CCA-1.1 in MMP9 expression using gelatin zymography 
(Figure 6). We found that CCA-1.1 suppressed the 
expression of MMP9 significantly at the low dose as 0.5 µM 
in WiDr cells. We also found that PGV-1 also suppressed 
MMP9 expression, but CCA-1.1 exhibited significantly 
stronger than that of PGV-1 inhibitory effect.

Figure 6. The secretion of MMP9 after CCA-1.1 and PGV-1 treatment. A: The WiDr cells were treated with CCA-1.1 and PGV-1 
in single and combination with Doxorubicin (Dox) at the indicated concentration for 24 h. The band profiles of MMP9 and pro MMP9 
expression in WiDr cells. B: A graph of quantified band intensity using ImageJ. *p<0.01 (compared to untreated).

Discussion

This study evaluated the anti-migratory effect of CCA-1.1 
and PGV-1 against colon cancer characterized by metastatic 
subtype.(11) In this regard, we focus on the main player 
and phenomenon related to the metastasis evidence, namely 
cell migration and MMP9 expression (24), by exploring 

cancer databases and in vitro experiments using the WiDr 
cell line as a metastatic colon cancer model. We confirmed 
that MMP9 expression was found to be significantly higher 
in the primary tumor, metastasis nodal, and tumor with 
or without TP53 mutation, also significantly influence in 
survival estimation of colon cancer patients. It is interesting 
since most aggressive and metastatic colon cancer cells, 
such as WiDr, were featured by TP53 mutation (23) and 
closely associated with nuclear factor-kB (NF-kB) through 
tumor necrosis factor-a (TNF-a) dependent induction 
signaling pathway (25), which also plays a role as a central 
manager in almost cancer progression (26). These data give 
thorough comprehensions about MMP9 and TP53-mutant 
which are mutually correlated (Figure 7) (27) and important 
in colon cancer patients. 
	 Our data demonstrated that CCA-1.1 exhibited a more 
potent cytotoxic, MMP9 expression and cell migration 
effect than PGV-1 in WiDr. This study noted additional 
information to our previous finding that PGV-1 inhibits 
NF-kB activation (16) which in turn suppresses MMP9 
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Figure 7. The proposed anti-migration mechanism of CCA-1.1 and PGV-1 in WiDr colon cancer cells.

8

expression (28). Furthermore, we demonstrated that a single 
treatment of CCA-1.1 was more potent to inhibit MMP9 
expression than PGV-1. This finding allows us to speculate 
whether CCA-1.1 also targets the NF-kB activation as well 
as PGV-1.(16) At least, we found an exciting result of the 
superiority of CCA-1.1 against PGV-1 on WiDr cells. This 
will be an interesting challenge for further development as 
anti-colon cancer with metastatic characteristics. 
	 In more depth, CCA-1.1 and PGV-1 showed to inhibit 
cancer migration in doxorubicin-induced metastatic WiDr 
cells. Even though Dox is not included in the drug of 
choice for colon cancer (29), we suppose employing Dox 
as a ROS-inducing agent is highly related to the induction 
of cell migration and MMP9 expression (17). Ten nM Dox 
was also reported to induced lamellipodia formation that 
facilitates cancer migration and invasion (30), promotes 
Dox suitable as a positive control in this study. However, we 
realized that Dox treatment slightly inhibits cell migration 
and MMP9 expression on WiDr. This phenomenon suggests 
that Dox induced-cell migration and MMP9 expression may 
depend on cancer cell type.(30-32) Interestingly, the Dox 
combination with CCA-1.1 or PGV-1 could significantly 
inhibit cancer migration and MMP9 expression compared 

with single Dox by which CCA-1.1 looks to be superior to 
PGV-1. Whether these effects correlate to the inhibition of 
ROS metabolic pathways should be explored further. 
	 The better achievement of CCA-1.1 in anti-migratory 
effects than PGV-1 is an intriguing point to discuss further. 
The slight structural changes of PGV-1 to CCA-1.1 by 
modifying the cyclic ketone into cyclic alcohol might affect 
its anti-cancer activity, not only its chemical properties. In 
addition, the presence of a hydroxyl group replacing the 
ketone group allows CCA-1.1 to be less reactive to radical 
attack (33) and easily reacted with polar compounds, such 
as a peptide and polyhydroxy carbon to further derivatized 
to improve its solubility and bioavailability for therapeutic 
purposes (34,35). Molecular docking studies of CCA-
1.1 highlighted the contribution of hydroxyl group on the 
formation of hydrophobic or hydrogen bond to increase the 
affinity on several cancer marker proteins, including MMP2 
and MMP9.(4) By looking at NF-kB's involvement, CCA-
1.1 could bind to this protein in better affinity than PGV-1, 
possibly due to the hydroxyl group's presence in the cyclic 
structure (Figure 1), which contributes to form hydrogen 
bonds with NF-kB. This is a unique fact that ligand binding 
affinity could be strengthened by only one hydrogen atom 



 279

Curcumin Analogs Exhibit an Anti-migratory Effect in WiDr (Wulandari F, et al)
Indones  Biomed J. 2021; 13(3): 271-80DOI: 10.18585/inabj.v13i3.1583

replenishment, resolving the complexity of bulk solvent and 
protein-bound water molecules.(36) In the case of CCA-
1.1 capable of improved protein-binding affinity better than 
PGV-1, it should be more investigated. 
	 This study can be used as a basis for deeper 
exploration of CCA-1.1 and PGV-1 to be developed as 
an anti-metastasis-colon cancer candidate related to the 
inhibition of cancer migration and MMP9 expression 
(Figure 7). The use of doxorubicin in this experiment 
grants further insight that CCA-1.1 and PGV-1 have a 
preferred safety than conventional chemotherapeutic agents 
for clinical application.(37) Dox is a relatively affordable 
chemotherapeutic drug, but  is not a recommended choice 
for colon cancer therapy because the difficulties to avoid 
the side effects and its resistance problems, also the stability 
problems for oral use.(29) However, there are many studies 
to optimize Dox for colon cancer treatment using some 
complementary agent to overcome  problems caused by 
Dox.(29)
	 We displayed the possibility of CCA-1.1 and PGV-
1 to overcome the side effect of Dox, counteract cancer 
migration caused by excessive ROS formation.(38) PGV-
1 itself was confirmed to be less toxic in non-cancerous 
fibroblast cells with high selectivity in cancer cells.(38) 
We figure out CCA-1.1 would be mirroring the selectivity 
of PGV-1. It needs to be elucidated further to know our 
compound's selectivity, especially CCA-1.1, in normal cells 
to confirm the drug safety aspect for future purposes.

Conclusion

Our results suggest that MMP9 is the essential marker of 
colon cancer, especially cancer with TP53 mutation, that 
can be the drug-target in developing anti-metastasis agents 
to cure colon cancer metastasis. We conclude that PGV-1 
and CCA-1.1 showed cytotoxic, MMP9 expression, and cell 
migration inhibitory activities against WiDr cells in which 
CCA-1.1 shows better performance than PGV-1.  Therefore, 
CCA-1.1 can be the better choice to be developed as anti-
metastasis agents for colon cancers.
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