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Abstract 

Background/Aim: Benzimidazoles are considered as potential anticancer candidates. 

We studied the anticancer activity of CCL299, 4-(1H-1,3-benzodiazol-1-yl) benzonitrile.  

Materials and Methods: In this in vitro study, we used ATP assays, flow cytometry, 

western blotting, and caspase-3/7 assays to evaluate the effects of CCL299 on cell 

proliferation, cell-cycle progression, and apoptosis.  

Results: ATP assays showed that CCL299 inhibited cell growth in the hepatoblastoma 

cell line HepG2 and the cervical cancer cell line HEp-2, without exhibiting cytotoxic 

effects on non-cancer cells and TIG-1-20 fibroblasts. Flow cytometry, Western blotting, 

and caspase-3/7 assays revealed that CCL299 induced G1-phase cell-cycle arrest 

followed by apoptosis that was associated with the upregulation of p-p53 (Ser15) and 

p21 expression and the downregulation of p-CDK2 (Thr160) expression.  

Conclusion: The results demonstrate that CCL299 exhibits cytotoxic activity via 

apoptosis in a subset of cancer cells, and should be considered as a promising 

anticancer candidate agent.  
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Introduction 

Cancer remains a significant cause of death worldwide (1, 2). Understanding the 

molecular mechanisms underlying cancers has enabled cancer diagnosis and 

improved patient survival. However, mortality in advanced cancer is partly attributable 

to tumour insensitivity towards anticancer drugs and due to acquired drug resistance 

(3-5). Identifying novel compounds with more significant cytotoxicity for cancer cells 

and fewer side effects is of great importance. 

Benzimidazoles are well-known heterocyclic organic compounds containing benzene 

and imidazole groups. Benzimidazole derivatives are known for their antimicrobial and 

anti-parasitic activities, and they are potential candidates for anticancer therapy 

because they can alter tubulin-binding capacity (6-10). Mebendazole contains a 

benzimidazole skeleton and has been used worldwide as a vermifuge for 

echinococcosis and giardiasis in humans (11, 12). Mebendazole’s potential as an 

anticancer agent was investigated and it was found to induce inhibition of cancer cell 

growth via M phase arrest (13-15). Similarly, albendazole, which is used to treat 

trichuriasis and hookworm infection (16), has anticancer activity that is mediated 

through M phase arrest in several human cancer cell lines (17-20). 

Generally, mammalian cell cycle progression is regulated by cyclin-dependent 

kinases (CDKs), along with cyclins and CDK inhibitory proteins. CDK2 binds to cyclin 
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E, and the resultant cyclin E–CDK2 complex promotes G1 phase progression (21). 

CDK2 activity is strongly controlled by the phosphorylated status of CDK2 at threonine 

(Thr) 160 (22). p53 and p21 are well known as key CDK inhibitors that are involved in 

several signalling pathways. Their protein expression levels increase in response to 

stress signalling and this induces cell-cycle arrest at the G1 phase, followed by 

apoptosis (23). Therefore, both CDKs and CDK inhibitory proteins are highly validated 

as anticancer drug targets (24-26). 

Chiba Chemical Library is a molecule library that contains more than a thousand 

compounds, and we have selected several hit compounds as anticancer agents from 

the library (27-29); among these, 4-(1H-1,3-benzodiazol-1-yl) benzonitrile (CCL299) is 

one of the benzimidazole derivatives. The anticancer activity of CCL299 in human 

cancer cells has not been reported until now. The aim of this study was to assess the 

anticancer effects of CCL299. To accomplish this aim, we compared the cytotoxic 

effect of CCL299 on both human cancer and non-cancer cells, and investigated the 

detailed mechanism underlying its anticancer activity, while primarily focusing on the 

expression of CDKs, p53, and p21. 

 

Materials and Methods 

Materials 
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Chiba Chemical Library provided CCL299 (4-(1H-1,3-benzodiazol-1-yl)benzonitrile; 

Figure 1A) and CCL937 (1-phenyl-1H-benzoimidazole; Figure 1B) of >95% purity. The 

compounds were dissolved in dimethyl sulfoxide (DMSO; Fujifilm Wako Pure 

Chemical Industries, Osaka, Japan) to obtain a 20 mmol/L stock solution. Sodium 

thiosulfate was purchased from Fujifilm Wako Pure Chemical Industries (Osaka, 

Japan) and dissolved in phosphate-buffered saline (PBS) to obtain a concentration of 

25 mmol/L. For all experiments, the final concentrations were prepared by diluting the 

stock solutions of CCL299 and CCL937 with DMSO. Control cultures received the 

same volume of DMSO (0.02%, v/v). Dulbecco’s modified Eagle’s medium (DMEM) 

and fetal bovine serum (FBS) were obtained from Thermo Fisher Scientific (Waltham, 

MA, USA). Primary antibodies against cyclin D1, cyclin E1, CDK2, CDK4, CDK6, 

Phospho-CDK2 (Thr160), p21, p53, Phospho-p53 (Ser15), and β-actin were 

purchased from Cell Signaling Technology (Danvers, MA, USA), and secondary 

antibodies (goat anti-rabbit and horse anti-mouse) were purchased from Jackson 

ImmunoResearch (West Grove, PA, USA). 

 

Cell lines and cell culture 

The human hepatoblastoma cell line HepG2, the human lung adenocarcinoma cell line 

A549, and human fibroblasts TIG-1-20 were purchased from the National Institutes of 
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Biomedical Innovation, Health, and Nutrition (Sen-nan, Osaka, Japan). The human 

cervical cancer cell line HEp-2 (HeLa derivative) was obtained from the Riken Cell 

Bank (Tsukuba, Ibaraki, Japan). Cells were cultured in DMEM with 10% FBS at 37°C 

and 5% CO2 in a humidified atmosphere. 

 

Cell viability assays 

Cells were seeded at 2 × 104 cells per well in 24-well plates in DMEM with 10% FBS. 

After 24-h incubation, cells were treated with various concentrations of both the 

compounds for the indicated periods. ATP assays, using Cell Titer-Glo® Luminescent 

Cell Viability Assay kit (Promega, Madison, WI, USA), were used to assess cell viability 

according to the manufacturer’s instructions, and the results were read with a 

microplate reader (Wallac 1420 ARVOsx Multilabel Counter; PerkinElmer, Chiba, 

Japan). 

 

Flow cytometry analyses of cell cycle 

Cells were cultured in a 6-cm dish (3 × 105 cells per dish) for 24 h, and then treated 

with 10 µmol/L CCL299 or DMSO for another 24 hours. Next, cells were collected and 

washed twice with PBS, treated with reagents from the CycleTEST™ PLUS DNA 

Reagent Kit (Becton Dickinson and Company, Franklin Lakes, NJ, USA), and analysed 
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on a BD AccuriTM C6 Flow Cytometer (Becton Dickinson and Company, Franklin Lakes, 

NJ, USA) that was equipped with a FACScan fluorescence 2 (FL2) detector. The 

collected data were analysed using FlowJo 7.6.5 (TreeStar Company, San Carlos, CA, 

USA). 

 

Western blot analyses 

Cells were seeded in a 6-cm dish (3 × 105 cells per dish) for 24 h and subsequently 

treated with 10 µmol/L CCL299 or DMSO for another 24 hours. Then, cells were 

collected and washed twice with PBS. An equal number of treated and untreated cells 

were resuspended in an equal volume of M-PER@ Mammalian Protein Extraction 

Reagent (Thermo Fisher Scientific, Waltham, MA, USA) with a mixture of protease 

inhibitors (Sigma-Aldrich, Steinheim, Germany) and mixed gently for 10 min. Lysates 

were centrifuged at 14,000 × g for 15 min. Equal volumes of extracted protein were 

loaded onto SDS-polyacrylamide gels (Atto Corporation, Tokyo, Japan) and 

transferred onto polyvinylidene difluoride (PVDF) membranes (Trans-Blot TurboTM 

Transfer Pack; Bio-Rad, Hercules, CA, USA). After transfer, the PVDF membranes 

were washed three times with PBS containing 0.1% Tween 20 and incubated with the 

abovementioned primary antibodies overnight at 4°C. The PVDF membranes were 

washed again and incubated with a 1:2000 dilution of secondary antibodies for 2 h at 
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room temperature. Proteins were detected using the ECL plus kit (Bio-Rad, Hercules, 

CA, USA), and protein bands were detected with ECL Western Blotting Detection 

Reagents (GE Healthcare, Tokyo, Japan). With β-actin as the control, the relative band 

intensity was assessed by ImageJ software. 

 

Caspase-3/7 assays 

Cells were seeded at a density of 2 × 104 cells per well in 24-well plates in DMEM with 

10% FBS. After a 24-h incubation, cells were treated with 10 µmol/L of CCL299 or 

DMSO for 24 or 36 h. Caspase-3/7 assays using Caspase-Glo® 3/7 Assay kit 

(Promega, Madison, WI, USA) were used to assess cell caspase activities and read 

with a microplate reader (Wallac 1420 ARVOsx Multilabel Counter; PerkinElmer, Chiba, 

Japan) according to the manufacturer’s instructions. 

 

Statistical analysis 

Statistical analyses were performed using Statcel4, Version 4 (OMS, Tokyo, Japan). 

All values were expressed as the mean ± standard error (SE) of the results from three 

biologically independent determinations. Multiple mean values were compared using 

a single factor analysis of variance (ANOVA) with Dunnett’s test or by the two-factor 

factorial ANOVA. Differences between values were evaluated using the Student’s t-
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test. P < 0.05 was considered statistically significant. 

 

Results 

Effects of CCL299 on cell viabilities 

To compare the cytotoxicity of CCL299 against cancer cells and non-cancer cells, the 

effects of CCL299 on cell viability were investigated by ATP assays, using HepG2, 

HEp-2, and A549 cells as the cancer cell lines and TIG-1-20 as the non-cancer cell 

line. As shown in Table 1, the estimated IC50 values after 24-h treatment with CCL299 

were 1.0 and 2.7 µmol/L for HepG2 and HEp-2 cells, respectively, and the values for 

A549 and TIG-1-20 were both >20 µmol/L. In addition, as shown in Figure 2A and 2B, 

CCL299-mediated suppression of cell growth was dose- and time-dependent in both 

HepG2 and HEp-2 cells. These results suggested that the growth inhibition by CCL299 

might be exhibited only in a subset of cancer cells. 

 

Comparison of CCL299 with CCL937 

Compared with the other cancer and non-cancer cells that were tested, HepG2 and 

HEp-2 cancer cells were more sensitive to CCL299 and, therefore, were used in 

subsequent experiments. To test whether the cyano group of CCL299 is crucial for the 

anticancer potential of CCL299, we compared the anticancer ability of CCL299 with 
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that of CCL937, which shares the core skeleton of CCL299 but has no cyano group. 

CCL299 induced significant growth inhibition of both HepG2 and HEp-2 cells at 10 

µmol/L, whereas CCL937 did not cause growth inhibition under the same conditions 

(Figure 3A). 

The differential cytotoxicities induced by CCL299 and CCL937 suggested that the 

cytotoxicity of CCL299 might be due to the release of cyanide anions. To test whether 

cyanide anions were released, we examined the cytotoxicity of CCL299 with or without 

thiocyanate generation. Sodium thiosulfate attenuates the cytotoxicity of cyanide 

anions by converting cyanide anions to thiocyanates (30). Cell viabilities were not 

restored even when sodium thiosulfate (1.0 mmol/L) was added to HepG2 or HEp-2 

cells (Figure 3B), indicating that CCL299 would not release cyanide anions under 

these conditions. 

 

Effects of CCL113 on cell-cycle progression 

To evaluate the effect of CCL299 on cell-cycle progression, we next performed 

fluorescence-activated cell sorting analyses of propidium iodide (PI)-stained cancer 

cells. As shown in Figure 4A and 4B, compared to vehicle treatment, CCL299 

treatment significantly increased the number of cells in the G1 phase (69.9% vs. 59.5% 

in HepG2 cells and 75.9% vs. 66.1% in HEp-2 cells) and decreased the number of 
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cells in the S phase (8.1% vs. 21.5% in HepG2 cells and 7.0% vs. 18.2% in HEp-2 

cells). However, there was no significant difference in the percentage of cells in the 

G2/M phase between CCL299-treated cells and control cells. These results indicate 

that CCL299 might arrest cell-cycle progression at the G1/S transition. 

 

Effects of CCL299 on the expression of cell-cycle regulators 

Cyclin D–CDK4/6 and cyclin E–CDK2 complexes are active during the G1 phase and 

regulate the progression of the G1 phase (21). We examined the expression of 

regulatory proteins to confirm the impact of CCL299 on the progression of the G1 

phase. CCL299 did not notably change the expression levels of G1 phase regulators, 

cyclin D1, CDK4, CDK6, cyclin E1, and CDK2 (Figure 5A). Moreover, p-CDK2 

(Thr160), an activated form of CDK2 (22), was expressed markedly at a lower level in 

both HepG2 and HEp-2 cells (Figure 5A). These results were consistent with the 

speculation that CCL299 induces G1 phase arrest. 

Cell stress frequently activates the p53–p21 pathway, which induces G1 phase arrest 

and apoptosis (23). We examined the expression levels of p21, p53, and p-p53 (Ser15), 

an activated form of p53 (31), to determine whether CCL299 affects these regulators. 

The expression levels of p21, p53, and p-p53 (Ser15) increased markedly (Figure 5B). 

CCL299 might cause G1 phase arrest followed by apoptosis due to the upregulation 
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of p21 and p-p53 (Ser15) and the downregulation of p-CDK2 (Thr160). 

CCL299 did not inhibit the growth of A549 and TIG-1-20 cells; therefore, we examined 

the expression levels of p-CDK2 (Thr160), p21, p53, and p-p53 (Ser15) in these cells. 

CCL299 did not notably affect the expression levels of p-CDK2(Thr160), p21, p53, and 

p-p53 (Ser15) in A549 and TIG-1-20 cells (Figure 5C), indicating that CCL299 affects 

only specific cancer cell lines. 

 

Effects of CCL299 on apoptosis 

To further confirm that CCL299 induces apoptosis in HepG2 and HEp-2 cells, we 

determined caspase-3/7 activities using Caspase-Glo® 3/7 Assay kits. After 24-h 

treatment with 10 µM CCL299, the caspase-3/7 activities increased significantly (1.9-

fold; p<0.01) only in HepG2 cells and increased 0.9-fold in HEp-2 cells. After 36-h 

CCL299 treatment, caspase-3/7 activities were elevated significantly in both cell lines 

(11- and 3.3-fold in HepG2 and HEp-2 cells, respectively; p<0.01). These results 

showed that CCL299-induced apoptosis in HepG2 and HEp-2 cells via modulation of 

caspase activities. 

 

Discussion 

We investigated CCL299 as a potential anticancer compound. In this study, CCL299 
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showed anticancer activity only for specific human cancer cell lines, without releasing 

cyanide anions. CCL299 induced cell-cycle arrest at the G1 phase, followed by 

apoptosis that was mediated through the p53-p21 pathway. 

In this study, the IC50 values of CCL299 were 1.0 and 2.7 µmol/L for the human 

hepatoblastoma HepG2 and the human cervical cancer HEp-2 cells, respectively. In 

contrast, the IC50 values for human lung adenocarcinoma A549 and human fibroblast 

TIG-1-20 were both higher than 20 µmol/L. The results further indicated that CCL299 

could mediate growth inhibition in cancer cells without releasing the cyano group 

because sodium thiosulfate treatment of CCL299-treated cancer cells did not restore 

cell viability. Inorganic cyanides exhibit rapid cytotoxicity by inactivating cytochrome 

oxidase (32); however, CCL299 showed time-dependent gradual cytotoxicity. 

Furthermore, this result supported the hypothesis that CCL299 did not release cyanide 

anions under the aforementioned experimental conditions. Therefore, CCL299 may 

be a safer anticancer compound despite containing a cyano group. 

We further investigated the impact of CCL299 on cell-cycle progression and 

apoptosis. Unlike most benzimidazoles that are used as anticancer agents, CCL299 

arrested cell-cycle progression at the G1 phase in HepG2 and HEp-2 cells. Studies of 

the mechanism of action of CCL299 demonstrated that CCL299 might activate the 

p53–p21 pathway in both HepG2 and HEp-2 cells. The cyclin E–CDK2 complex 
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regulates the G1-to-S-phase transition, and p21 suppresses this complex (23). In 

addition, an activated form of p53 (i.e., p-p53 (Ser15)), induces apoptosis (31). These 

facts suggest that the CCL299-induced strong induction of p21 and suppression of p-

CDK2 (Thr160) might be sufficient to prevent cell-cycle progression from the G1 phase 

to the S phase, and that upregulation of p-p53 (Ser15) might suffice to induce 

apoptosis. In contrast, CCL299 had little effect on the expression levels of cell-cycle-

related proteins in the human lung cancer cell line A549 and human TIG-1-20 

fibroblasts. The precise mechanism of the specific cytotoxicity of CCL299 against 

HepG2 and HEp-2 remains unknown; however, cancer cells harbouring a subset of 

genetic alterations should be vulnerable to CCL299 (33, 34). 

In conclusion, this study provides new and vital information that indicates that 

CCL299 has distinct mechanisms to suppress the proliferation of cancer cells. 

Therefore, CCL299 might be a worthy candidate that can be developed as a novel 

anticancer drug for the treatment of human hepatoblastoma and cervical cancer. 
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Table 

Table I. Estimated IC50 values after 24-hour CCL299 treatment of HepG2, HEp-2, A549, 

and TIG-1-20 cells 

Species Origin Designation IC50 (µmol/L) 

Human Hepatoblastoma cells HepG2 1.0 

Cervical cancer cells; HeLa 

derivative 

HEp-2 2.7 

Lung adenocarcinoma cells A549 >20 
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Fibroblasts TIG-1-20 >20 

 

Figures 

 

Figure 1. The chemical structures of (A) CCL299, 4-(1H-1,3-benzodiazol-1-

yl)benzonitrile, and (B) CCL937, 1-Phenyl-1H-benzoimidazole. 
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Figure 2. Growth inhibition of CCL299 in HepG2 and HEp-2 cells. (A) The cell 

viabilities were determined by ATP assays. Human hepatoblastoma HepG2 cells and 

human cervical cancer HEp-2 cells were treated with 1, 5, and 10 µmol/L CCL299 or 

DMSO (vehicle control, 0 µmol/L) for 48 hours. (B) The cell viabilities were determined 

by ATP assays. HepG2 and HEp-2 cells were treated with 10 µmol/L CCL299 or DMSO 

as vehicle control (0 µmol/L) for different durations. *p<0.05, **p<0.01, compared with 

0 µmol/L and 0 hour, respectively. 

 

 

Figure 3. Cytotoxicity of CCL299 in HepG2 and HEp-2 cells without the release of 

cyanide anions. (A) The cell viabilities were determined by ATP assays. HepG2 cells 
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and HEp-2 cells were treated with CCL299 (10 µmol/L), CCL937 (10 µmol/L), or 

DMSO (Control) for 48 hours. (B) The cell viabilities were determined by ATP assays. 

HepG2 cells and HEp-2 cells were treated with DMSO, CCL299 (10 µmol/L) and 

DMSO, or CCL299 (10 µmol/L) and sodium thiosulfate (1 mmol/L) for 48 hours. 

**p<0.01, compared with the DMSO-treated control. 

 

 

Figure 4. Effects of CCL299 on cell-cycle arrest in HepG2 and HEp-2 cells. Cells from 

both cell lines were treated with 10 µmol/L CCL299 for 24 hours and subjected to flow 

cytometry. (A) Flow cytometry results of CCL299-treated and DMSO (control)-treated 

HepG2 cells. Percentages of cells in the G1, S, and G2/M phases are shown. (B) Flow 

cytometry results of CCL299-treated and DMSO (control)-treated HEp-2 cells. The 
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percentages of cells in the G1, S, and G2/M phases are shown. *p<0.05, **p<0.01, 

compared with the DMSO-treated control. 

 

 

Figure 5. Expression levels of the cell-cycle-related proteins in CCL299-treated cells. 

The expression levels of cell-cycle regulator proteins of CCL299-treated (10 µmol/L) 

or DMSO-treated HepG2 and HEp-2 cells were assessed by Western blot analysis. 

The total protein samples from CCL299-treated and DMSO-treated cells at 24 hours 

post-treatment were subjected to Western blotting. (A) Western blots of cyclin D1, 

CDK4, CDK6, cyclin E1, CDK2, and p-CDK2 (Thr160) in HepG2 and HEp-2 cells. (B) 

Western blots of p21, p53, and p-p53 (Ser15) in HepG2 and HEp-2 cells. (C) Western 
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blots of p-CDK2 (Thr160), p21, p53, and p-p53 (Ser15) in A549 and TIG-1-20 cells. 

Fold-change values (CCL299‑treated/DMSO‑treated) normalized to β‑actin (internal 

control) are shown below each band. 

 

 

Figure 6. Caspase-3/7 activities of CCL299-treated HepG2 and HEp-2 cells. Cells 

were treated with 10 µmol/L CCL299 for 24 or 36 hours. The ratios 

(CCL299‑treated/DMSO‑treated) are shown. **p<0.01, compared with the DMSO-

treated control. 
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