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Introduction

Previously, we have successfully synthesized CCB-2 
(3-oxopenta-1,4-diene-1,5-diylbis-4-phenylboronic acid) 
(Figure 1A), a new boron bearing compound (BCC) named 
which is preferred as the novel compound with good 
cytotoxic effect against cancer cells, notably in TNBC 
(Meiyanto et al., 2020). The cytotoxic activity from CCB-2 
demonstrates much better compared with 200-fold superior 
against another BCC Pentagamaboronon-0 (PGB-0) 
(Figure 1B) (Kusumastuti et al., 2019). Therefore, CCB-2 
itself can be considered as novel candidate for anticancer 
drug. Conversely, the very low water solubility and 
cellular uptake remain as challenge in the application of 
most curcumin analogues including CCB-2 (Cunico et 
al., 2017; Susidarti et al., 2019). Hence, the modification 
of synthesis method and developing of more soluble 
derivatives of CCB-2 urged to be introduced.

Another possibility on improving CCB-2 solubility 
is using of monosaccharide or sugar alcohol, which is 
successfully applied for Boronophenylalanine (L-BPA) 
and PGB-0 (Shull et al., 2000; Susidarti et al., 2019). 
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Complexes Against TNBC and Non-TNBC Cells

Recently, we explored the application of fructose, sorbitol, 
and xylitol to be added with CCB-2 through complexation 
in order to enhance the solubility of curcumin analogues, 
in hoping to increase the bioavailability of the drug. The 
cytotoxic evaluation of the complex of CCB-2 compound 
was also determined by testing against two different model 
of breast cancer: TNBC and HER-2 positive cancer cells, 
as well as tested in non-cancerous cells to determine the 
selectivity of these compounds. Through this study, we 
hope to elucidate the possibility of using CCB-2 and its 
complexes as boron carrier for BNCT.

Materials and Methods

Materials and Tools
All of the materials and reagents mentioned in 

the experiments were classified as analytical reagent 
grade. CCB-2 compound is retrieved from Cancer 
Chemoprevention Research Center, Universitas Gadjah 
Mada, Indonesia as reported in Meiyanto et al., (2020), 
while fructose, sorbitol, and xylitol were purchased from 
Merck (Germany). 
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Preparation of CCB-2 Complexes
Boron compounds in complex with fructose, sorbitol, 

and xylitol were formulated followed by the previous 
method with slight modification (Susidarti et al., 2019). 
The 0.184 mmol of fructose, sorbitol, or xylitol was 
diluted in 23 mL of water. Briefly CCB-2 (0.023 mmol) 
was added. After stirring for 1 h, NaOH 10% was added 
dropwise until reached pH 9 and subsequently stirred 
again for 1 h. The pH was adjusted to 7.5 using Dowex® 
50WX4 resin followed by lyophilization. The particle size 
of all CCB-2 complexes were measured using particle 
size analyzer.

Cell Culture 
We used two model of breast cancer cell lines and one 

fibroblast cell culture throughout this study. The 4T1 breast 
cancer cell and 3T3 fibroblast cell were kindly given by 
Prof. Masashi Kawaichi (NAIST, Japan), while MCF-7/
HER2 breast cancer cell line was kindly gifted from 
Prof. Yoshio Inouye (Toho University, Japan) through 
Prof. Masashi Kawaichi (NAIST, Japan). All of cells 
were maintained in high glucose-DMEM (Gibco, New 
York, USA) mixed with 10% (v/v) fetal bovine serum 
(FBS) (Gibco, New York, USA), 4-(2hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), sodium 
bicarbonate, 1.5% Peniciliin-Streptomycin (Gibco, 
New York, USA). Cells were grown at 37 °C incubator 
supported with 5% CO2.

Cytotoxicity Assay 
We performed MTT assay to assess the cytotoxic 

activity of CCB-2 complexes with slight modification 
(Mosmann, 1983). MCF-7/HER2 (5 × 103 cells/well) 
and 4T1 cells (2 × 103 cells/well), and also 3T3 cells cells 
(1 × 104 cells/well) were seeded separately in 96-well 
microplates and cultured for 24 h. CCB-2 fructose (CCB-
2-F), CCB-2 sorbitol (CCB-2-Sor), and CCB-2 xylitol 
(CCB-2-Xy) were given to each well and incubated for 
24 h at several concentrations. After treatment, cells were 
stained by 0.5 mg/mL of MTT (Biovision, California, 

USA) and incubated for next 4 h. The enzymatic reaction 
were stopped with sodium dodecyl sulfate (SDS) (with 
0.01 N HCl) and stored in the dark condition overnight. 
The absorbance was quantified by microplate reader plate 
at 595 nm (Corona SH-1000, Corona Electric Co. Ltd., 
Ibaraki-ken, Japan). The absorbance was formulated 
to percent of cell viability. Linear regression between 
concentration and percent of cell viability were used to 
calculate the half inhibitory concentration or IC50 value of 
each compound. Later, the selectivity index was calculated 
by using equation as mentioned in Prayong et al. (2008).

Results

The Complexation of CCB-2 using Fructose, Sorbitol, 
and Xylitol

Strategy by using ketonic monosaccharide fructose 
and sugar alcohol (i.e : sorbitol and xylitol) are broadly 
used to augment the solubility and bioavailability of BPA 
in water (Kumar et al., 2013; Shull et al., 2000; Watanabe 
et al., 2016). The complexation is possible to be formed 
because the presence of boronic acid in CCB-2 structure. 
After conducting several formulas, the ratio of CCB-2 
to fructose, sorbitol, and xylitol as 1:8 were found to be 
more appropriate compared to other ratio (data not shown). 
All the complexation compounds are possessed smaller 
particle within nano-scale with the size of 149.7; 106.0; 
and 146.1 nm, subsequently (Table 1). Since the CCB-2 
alone performed strong cytotoxic activities when tested 
in TNBC cell model, we then evaluated the effect of all 
complexed compounds against several types of cancer 
cells as pointed out earlier.

Figure 1. Chemical Structure of CCB-2 (A) and Pentagamaboronon-0 (B)

Compound Particle Size (nm) Isoelectric Point
CCB-2-F 149.7 0.594
CCB-2-Sor 106 0.295
CCb-2-Xy 146.1 0.429

Table 1. Particle Size and Isoelectric Point Profile of 
CCB-2-F, CCB-2-Sor, and CCB-2-Xy
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results revealed CCB-2 complexes performed cytotoxic 
activities on 4T1 and MCF-7/HER2, but exhibited no 
cytotoxic effects against fibroblast-like 3T3 cells (Figure 
2). Among all tested compound, CCB-2-Sor performed 
most cytotoxicity potency compared with CCB-2-F and 
CCB-2-Xy complexes when treated in 4T1 cells with the 
respective IC50 values of 16, 22, and 18 µM. Surprisingly, 
CCB-2-Xy exerts most potent when observed on MCF-
7/HER2 with the IC50 values of 19 µM, and 24 µM for 
CCB-2-Sor, and 37 µM for CCB-2-F. We also calculate 
the selectivity index (SI) score to determine the selectivity 
of CCB-2 complexes in cancer cells, and all complexes 
compounds have SI value more than 2 (Table 2). Since in 
several publications stated that the anticancer candidate 

Cytotoxicity Study of CCB-2 Complexes in Breast Cancer 
Cell Lines

We investigate the potency of CCB-2 complexes 
for their anticancer activity to consider the ability 
of our compounds as boron carrier. Our preliminary 

Figure 2. Cytotoxicity of CCB-2-F, CCB-2-Sor, and CCB-2-Xy on Several Cell Lines, Including 4T1 (A), MCF-7/
HER-2 (B), and 3T3 (C) Cells. Cells were treated by all tested compounds for 24 h as described in the method section. 
The graph represents mean ± SE from three independent experiments.

Selectivity Index (SI)
Compound 4T1 cells MCF-7/HER2 cells
CCB-2-F >5 >3
CCB-2-Sor 6 4
CCB-2-Xy 5 4

Table 2. Selectivity Index of CCB-2 Complexes against 
Several Cancer Cells
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is said to have good selectivity when scored SI value 
greater than 2 (Prayong et al., 2008; Machana et al., 2011), 
indicated that CCB-2-F, CCB-2-Sor, and CCB-2-Xy 
perform good selectivity against cancer cells.

Discussion

The new modification of CCB-2 using sugar and 
polyol lead to more soluble CCB-2 in water. The 
complexes using sugars provide more eligible and 
efficient BNCT application due to the using of simple 
materials for the production, compared to liposomal 
and salt modification (Barth et al., 2018). The possible 
mechanism of complexation with sugar is through binding 
with boron atom in boronic acid, allowing the boron 
bearing compound (BCC) to be more soluble in water. 
The modification is also allowed to form nanoparticle size, 
which hopefully can enhance the solubility and penetrate 
more particle into tumor tissue, as well as candidate for 
new boron carrier (Pulagam et al., 2019).

To our knowledge, boron carrying pharmaceutical 
(BCP) exhibit low toxicity on normal cells in the BNCT 
implementation (Barth et al., 2012), our synthesized 
compounds were examined for their cytotoxicity effect 
using two different subtype of breast cancer cell line:  
MCF-7/HER2 (HER2 overexpression) and 4T1 (TNBC), 
meanwhile for the selectivity toward normal cells, we used 
3T3 cells. Breast cancer cases remain majorly occurred in 
women, with 30% of all cases detected as HER-2 positive. 
HER-2 itself is part of class of tyrosine kinase receptor 
that critical for cancer cells proliferation, progression, 
and moreover metastasis (Dai et al., 2016; Labidi et al., 
2016). In contrary, TNBC subtype also promote high 
mortality on cancer patients due to the lack of hormonal 
and targeted chemotherapy to treat this subtype, and lead 
to poor prognosis (Al-Mahmood et al., 2018; Tariq and 
Rana, 2013). The results showed that our compounds 
exerted selective target in breast cancer cell lines, while 
they showed no toxic effect against normal cell models. 
In addition, cellular cytotoxicity is also possibly mediated 
through the increase of uptake in the cancer cells (Hattori 
et al., 2014; Miyahara et al., 1993). Hence, the cellular 
uptake assay for micro-distribution of drug in cells need 
to be carried out in next studies. Taken together, CCB-2 
is successfully modified into CCB-2-F, CCB-2-Sor, and 
CCB-2-Xy complexes which bearing nano-sized particles. 
All complexes performed good cytotoxic agents against 
breast cancer cells with good selectivity. Hence, CCB-2 
and its complexes exhibit their broad possibility to be 
developed either as BNCT and also as anticancer agent 
for breast cancer therapy.
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