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Abstract: In this study, a benzimidazole derivative named BMT-1 is revealed as a 

potential immunomodulatory agent. BMT-1 inhibits the activity of H+/K+-ATPases from 

anti-CD3/CD28 activated T cells. Furthermore, inhibition the H+/K+-ATPases by use of 

BMT-1 should lead to intracellular acidification, inhibiting T cell proliferation. To explore 

this possibility, the effect of BMT-1 on intracellular pH changes was examined by using 

BCECF as a pH-dependent fluorescent dye. Interestingly, increases in the pHi were 

observed in activated T cells, and T cells treated with BMT-1 showed a more acidic 

intracellular pH. Finally, BMT-1 targeted the H+/K+-ATPases and inhibited the 

proliferative response of anti-CD3/CD28-stimulated T cells. A cell cycle analysis indicated 

that BMT-1 arrested the cell cycle progression of activated T cells from the G1 to the S 

phase without affecting CD25 expression or interleukin-2 (IL-2) production; treating  
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IL-2-dependent PBMCs with BMT-1 also led to the inhibition of cell proliferation. Taken 

together, these findings demonstrate that BMT-1 inhibits the proliferation of T cells by 

interfering with H+/K+-ATPases and down-regulating intracellular pHi. This molecule 

may be an interesting lead compound for the development of new immunomodulatory agents. 

Keywords: benzimidazole derivative; T cell proliferation; H+/K+-ATPases; 

immunomodulatory 

 

1. Introduction 

Benzimidazoles are heterocyclic aromatic organic compounds. These bicyclic compounds consist of 

fused benzene and imidazole moieties. This particular structure can form hydrogen bonds with 

enzymes and receptors that exhibit varied bioactivities in vivo. Benzimidazole derivatives are found in 

numerous commercial drugs used in the clinical treatment of many diseases. For example, astemizole 

is a benzimidazole derivative used to treat allergic rhinitis [1]. Omeprazole is a substituted 

benzimidazole used to treat gastric acid-related diseases [2]. Telmisartan is a benzimidazole derivative 

used to treat hypertension [3]. Albendazole is a benzimidazole derivative used to treat worm 

infestations [4]. The immunosuppressive properties of benzimidazole-based compounds are also very 

valuable, as several benzimidazole derivatives exhibit primary immunosuppressive activities [5,6], 

therefore, periodic efforts have been made to screen these compounds for such potential activity.  

The H+/K+-ATPase or proton pump exchanges a proton with a potassium ion through a membrane. 

In the stomach, proton pump inhibitors (PPIs) block the H+/K+-ATPase in parietal cells that secrete 

acid into the gastric lumen. However, non-gastric cells also have proton pumps that might be inhibited 

by PPIs. For example, Ritter found immunoreactivity for a monoclonal antibody toward the  

H+/K+-ATPase in human neutrophils [7,8]. In our previous studies, we demonstrated the BMT-1 

(Figure 1A) triggers apoptosis of multiple myeloma cells by H+/K+-ATPases inhibition [9]. 

Interesting, we found that H+/K+-ATPases have dramatically elevated expression in anti-CD3/CD28 

stimulated T cells; if BMT-1, similar to other benzimidazole-based PPIs, inhibits T cell proton pumps, 

then BMT-1 treatment might interfere with T cell proliferation, facilitating the development and 

progression of inflammation. In this study, we demonstrate that BMT-1 inhibits the proliferative 

response of Anti-CD3/CD28-stimulated T cells associated the inhibition of proton pumps on T cells. 

The stimulation of different cell types with growth factors is often accompanied by a rapid 

intracellular alkalinisation [10]. For example, multiple regression analyses of the data for both T and B 

lymphocytes indicated that the intracellular pH of cells in G0, G1, or G2 is around pH 7.2, while the 

intracellular pH of cells in the S phase of the cell cycle is around pH 7.4 [11]. In this study, an increase 

in pHi was observed in anti-CD3/CD28 activated T cells. However, little is known regarding the 

contribution of elevated intracellular pH on stimulated T and B lymphocytes. We proposed that the 

proliferation of T cells resulted in increased H+/K+-ATPase expression while relying on the efficient 

secretion of proton to avoid the intracellular accumulation of acids. We explored whether the BMT-1 

inhibits H+/K+-ATPase activity to block proton traffic, resulting in proton accumulation and 

intracellular acidification that would terminate or limit the growth of T cells.  
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2. Results and Discussion 

2.1. H+/K+-ATPases Inhibition Associated with the Acidification of Cytosolic pH in BMT-1  

Treated Cells 

The expression of H+/K+-ATPases in the T cells was identified using western blot analysis. In this 

study, we found that H+/K+-ATPases have dramatically elevated expression in anti-CD3/CD28 

stimulated T cells over 72 h (Figure 1B).  

Figure 1. BMT-1 inhibits the activity of H+/K+-ATPases from anti-CD3/CD28 activated 

T cells. (A) Molecular structure of BMT-1. (B) Expression of H+-K+-ATPase in T cells 

identified by Western blot analysis. (C) BMT-1 inhibits the activity of H+/K+-ATPases in 

anti-CD3/CD28-stimulated T cells (n = 4). The concentration-response columns were 

analysed with GraphPad Prism software. Comparisons between groups and within groups 

were carried out using a one-way analysis of variance, and ** p < 0.01 was considered 

significant when compared to the control. (D) The pHi standard curve was developed using 

BCECF-AM as a pH-dependent fluorescent dye. (E) The increase in pHi was observed in 

anti-CD3/CD28 activated T cells. (F) Changes in the cytosolic pH induced by BMT-1 were 

evaluated in Anti-CD3/CD28-stimulated T cells treated for 6 h and loaded with the  

pH-sensitive fluorescent probe BCECF-AM. A more acidic intracellular pH was indicated 

by a lower FL1, and the intracellular pH drops in cells exposed to BMT-1. All experiments 

were performed twice in two independent experiments.  
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To confirm whether the inhibition of H+/K+-ATPases activity was induced by BMT-1, the 

homogenised Anti-CD3/CD28-stimulated T cells (72 h) were treated with different concentrations of 

BMT-1 for 30 min, then the activities of H+/K+-ATPase and the OD value at 660 nm was detected 

according to the procedure of the H+/K+-ATPase kit. 

Compared to the negative control group (DMSO), BMT-1 and the known inhibitor of  

H+/K+-ATPases (lansoprazole, LAN) inhibited H+/K+-ATPases from Anti-CD3/CD28-stimulated T 

cells (Figure 1C). The H+/K+-ATPases are ion pumps that use the energy from ATP hydrolysis to 

transport protons (H+) in exchange for potassium ions against their concentration gradients. Therefore, 

the inhibition of the H+/K+-ATPasess by BMT-1 may block H+ extrusion, resulting in proton 

accumulation and intracellular acidification; these effects terminate or limit the growth of the cancer 

cells [12,13]. To explore this possibility, the effect of BMT-1 on intracellular pH changes was 

examined by use of BCECF-AM as a pH-dependent fluorescent dye. As expected, the increase in pHi 

was observed in anti-CD3/CD28 activated T cells (Figure 1E), while the intracellular pH drops in cells 

exposed to BMT-1 (Figure 1F). 

2.2. BMT-1 Inhibits T Cell Proliferation  

To obtain information regarding the effect of BMT-1 on the proliferative capability of cells, purified 

human T cells were labelled with a fluorescein-based dye CFSE, and the cell proliferation was tracked 

via flow cytometry. This method is based on the sequential halving of cell fluorescence after each 

division, allowing the study of the division history of individual cells. As observed in Figure 2A, cells 

stimulated with anti-CD3/CD28 and PHA for 5 days showed 4 rounds of division. In contrast, cell 

proliferation was completely inhibited in the presence of BMT-1 (1.25 μM) and the known  

H+/K+-ATPase blocker Lansoprazole (10 μM). The proliferative index also was significant reduced 

(PI = 2.5 to 1) compared to T cells stimulated with anti-CD3/CD28 (Figure 2B) or PHA (Figure 2C). 

To examine the inhibition of anti-CD3/CD28 or PHA-stimulated T cells with BMT-1 that is not 

attributed to toxicity, we performed in vitro analyses using cultured PBMCs in the absence and 

presence of BMT-1. Figure 2D shows the survival rate of PBMCs cultured with various concentrations 

of BMT-1. No significant lymphotoxicity was observed after the exposure to BMT-1. These in vitro 

results confirm that BMT-1 exhibits low toxicity toward lymphocytes. Cumulatively, these results 

suggest that BMT-1 inhibits the growth of T cells stimulated by anti-CD3/CD28 or PHA using a 

mechanism unrelated to toxicity. 

2.3. BMT-1 Decreases Anti-CD3/CD28 or PHA-Activated T Cell Proliferation by Arresting the Cell 

Cycle at the G0/G1 Phase  

Because the proliferation of anti-CD3/CD28 or PHA-stimulated T cells was suppressed by BMT-1, 

we determined whether BMT-1 could block the anti-CD3/CD28 or PHA-induced cell cycle 

progression. Cells were activated with or without anti-CD3/CD28 or PHA in the presence or absence 

of BMT-1 for 3 days, and rapamycin was used as a positive control of T cell proliferation.  
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Figure 2. T cell proliferation was completely inhibited in the presence of BMT-1  

(1.25 μM). (A) CFSE-labelled T cells were stimulated using PHA or anti-CD3/CD28 in the 

absence and presence of various concentrations of BMT-1. (B) The effect of BMT-1 on the 

proliferation index of CFSE-labelled anti-CD3/CD28 stimulated T cells. (C) The effect of 

BMT-1 on the proliferation index of CFSE-labelled PHA stimulated T cells. (D) Survival of 

PBMCs after 72 h of incubation with various concentrations of BMT-1. BMT-1 exhibits 

low toxicity toward lymphocytes. The results are presented as the means ± SD, n = 3,  

* p < 0.05 vs. control group (Anti-CD3-CD28/PHA induced and treated with vehicle).  

 

Afterwards, the cellular DNA was stained with propidium iodide and analysed with a flow 

cytometer. The results are shown in Figure 3. The fluorescence intensity of resting T cells was almost 

entirely in the G0/G1 phase. After the cells were stimulated with PHA or anti-CD3/CD28, their 

fluorescence intensity increased, and the cell distribution shifted from the G0/G1 phase to the S phase 

and G2/M phase. When PHA- or anti-CD3/CD28-activated T cells were treated with BMT-1 at  

2.5 μM, the cell cycle progression was almost completely arrested at the G0/G1 stage. Therefore, the 

stimulated cell cycle progression in T cells was largely blocked at the G0/G1 phase by BMT-1. 
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Figure 3. The stimulated cell cycle progression in T cells was largely blocked at the 

G0/G1 phase by BMT-1. (A) Representative flow cytometry analyses of cultured PHA or 

anti-CD3/CD28-stimulated T cell cycle in the presence of various concentrations of BMT-1. 

(B) The percentage of cells in the G0/G1 stage of the cell cycle. (C) The percentage of 

cells in the S stage of the cell cycle. (D) The percentage of cells in G2/M stage of the cell 

cycle. The data represent the means ± SD (n = 3); * p < 0.05 versus the control group 

(Anti-CD3-CD28/PHA induced and treated with vehicle) as determined by Student’s t test. 

 

2.4. BMT-1 has no Effect on IL-2 and CD25 Expression 

After stimulation with anti-CD3 and anti-CD28 for 48 h, 75% of the T cells expressed the IL-2 

receptor alpha chain (CD25). Because the cell cycle progression of T cells requires binding of IL-2 to 

the CD25 [14], and BMT-1 could block the anti-CD3/CD28 or PHA-induced cell cycle progression. 

Thus, it was important to determine whether CD25 and IL-2 expression was affected by BMT-1.  

In this result, LY294002, an inhibitor of Akt-1 phosphorylation could block the CD25 and IL-2 

expression served as a positive control. BMT-1 showed no effect on the anti-CD3 and CD28 induced 

CD25 and IL-2 expression (Figure 4). As a positive control, LY294002 blocks the increase in CD25 

and IL-2 expression in response to anti-CD3/CD28 costimulation. Taken together, these findings further 

demonstrate that BMT-1 inhibits the proliferation of T cells by interfering with H+/K+-ATPases and 

down-regulating intracellular pHi, and this inhibition is not due to the suppression of CD25 expression 

and IL-2 production.  
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Figure 4. BMT-1 has no effect on CD25 and IL-2 expression. (A) The CD25 expression 

on lymphocytes was measured 48 h after human T cells were stimulated with anti-CD3/CD28 

antibodies, and the data show that BMT-1 has no effect on the CD25 expression in T cells 

after TCR cross-linking. (B) The CD25 expression was evaluated using histogram analyses. 

The bars (mean ± SD of triple tests) represent the percentage of cells expressing CD25. 

There was no significant difference between the BMT-1 group and the stimulation group. 

As a positive control, LY294002 blocks the increase in CD25 expression in response to 

anti-CD3/CD28 costimulation. (C) BMT-1 has no effect on IL-2 generation. There was no 

significant difference between the BMT-1 group and the stimulation group. 

 

2.5. BMT-1 Inhibits IL-2-Dependent PBMCs Proliferation  

Because BMT-1 did not affect IL-2 production or CD25 expression, we examined whether BMT-1 

affected the IL-2 receptor-mediated proliferation of PBMCs. For this purpose, we assessed the 

proliferative response to IL-2-dependent PBMCs in the presence of BMT-1. In this experiment,  

CP-690550, an inhibitor of IL-2-stimulated phosphorylation of STAT5 could inhibit proliferation of 

IL-2-dependent PBMCs served as a positive control [15]. As shown in Figure 5, BMT-1 significantly 

inhibited proliferation of IL-2-dependent PBMCs in a dose-dependent manner. This inhibition was 

total at 2.5 μM (95% of inhibition), partial but still significant at 1.25 μM, and disappeared at  

0.625 μM. IL-2 is a pro-inflammatory cytokine which promotes systemic inflammation [16,17].  

BMT-1 also inhibits the IL-2-driven proliferation of activated T cells, and indicating that BMT-1 

exhibits promising in vitro immunosuppressive activity. 
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Figure 5. BMT-1 significantly suppressed IL-2-induced PBMCs proliferation. CFSE-labelled 

IL-2-dependent PBMCs were stimulated with IL-2 in the absence and presence of various 

concentrations of BMT-1.  

 

2.6. Discussion 

In this study, BMT-1 was observed to inhibit T cell proliferation. To understand the mechanisms  

of T cell proliferation induced by the small molecule BMT-1, the inhibitory effect of BMT-1 on 

H+/K+-ATPases was evaluated because BMT-1 is a benzimidazole derivative. It has already been 

observed that most well-known pharmaceuticals containing the benzimidazole core are H+/K+-ATPase 

pump or proton pump inhibitors (PPIs) [18]. By using a primary antibody against the H+/K+-ATPase 

beta-subunit (ATP4B), we were able to detect specific bands at ~70 kDa in both anti-CD3/CD28 

activated and resting T cells (Figure 1B). This result indicated that BMT-1 may have intracellular 

compartments as their sites of action, thus causing H+/K+-ATPases inhibition. Thus, we investigated if 

BMT-1 possessed a characteristic of many other benzimidazole derivatives in being able to inhibit 

H+/K+-ATPase activity of T cells. The results showed that BMT-1 does indeed inhibit H+/K+-ATPases 

from anti-CD3/CD28 activated T cells (Figure 1C).  

H+/K+-ATPases are ion pumps that use the energy of ATP hydrolysis to transport protons (H+) in 

exchange for potassium ions against their concentration gradients. When activated by stimuli such as 

anti-CD3/CD28 and PHA, the T cells undergo dramatic morphologic and metabolism changes. 

Therefore, we deduce that a major consequence of the altered T cell metabolism is that activated T-cells 

express more H+/K+-ATPase and rely on the efficient secretion of protons to avoid intracellular acid 

accumulation. Thus, the inhibition of H+/K+-ATPases by BMT-1 could block H+ extrusion, resulting in 

proton accumulation and intracellular acidification, which would terminate or limit the T-cell proliferation. 

As expected, the intracellular pH drops in cells exposed to BMT-1 (Figure 1F). This decreased pHi 

was caused by downstream of H+/K+-ATPases inhibition, similar to previous studies [19,20]. 

Changes in intracellular pH regulate many cell behaviours, including proliferation, migration, and 

transformation. Increases in pHi permit growth factor-induced cell proliferation [21,22]. However, our 

understanding of how physiological changes in pH affect T cell proliferation is limited [23]. 

Interesting, the increases in pHi were observed in anti-CD3/CD28 activated T cells in this study. 

Because cytosolic pH homeostasis is tightly regulated, dramatic differences in cell behaviour are 

driven by relatively small changes in pHi. Therefore, our results agree with previous reports showing 

that increased pHi values induce proliferation of immune and other cancer cells [10,11,22,24]. 

Compared to the increased pHi values, intracellular acidification could induce inhibition of proliferation 
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for cells [25,26]. These activities result in an aberrant pH homeostasis critical for T cell proliferation 

and may be an important target for therapeutic purposes. 

In this study, we found that BMT-1 significantly inhibited the proliferation of PHA-activated T cells 

in a dose-dependent manner. More importantly, the compound exhibited no cytotoxicity at 10 μM. 

This quality makes BMT-1 a potential candidate for drug development because low toxicity and high 

efficacy are the main criteria used to select lead compounds for drug discovery [27]. Furthermore, 

because the proliferation of anti-CD3/CD28-stimulated T cells was suppressed by BMT-1, we sought 

to determine whether BMT-1 could block the anti-CD3/CD28-induced cell cycle. Our studies showed 

that almost all of the non-stimulated T cells existed at the G0/G1 phase and that anti-CD3/CD28 

induced entry into the cell cycle, while BMT-1 blocked anti-CD3/CD28-induced progression of the 

cell cycle from the G1 transition to the S phase.  

IL-2 can up-regulate the CD25 expression at high concentrations [28], and the cell cycle 

progression of T cells requires binding of IL-2 to the CD25. Thus, it was important to determine 

whether IL-2 production was affected by BMT-1. Our results show that BMT-1 has no effect on IL-2 

generation. Afterward, we examined whether BMT-1 affected IL-2 receptor-mediated PBMCs 

proliferation. For this study, we used IL-2-dependent PBMCs as a model system. Treating  

IL-2-dependent PBMCs with BMT-1 led to a dose-dependent inhibition of cell proliferation. As a  

pro-inflammatory cytokine, IL-2 is necessary for the growth, proliferation, and differentiation of T 

cells that become “effector” T cells. BMT-1 also inhibits the IL-2-driven proliferation of activated T 

cells, contributing to the development and progression of inflammation and indicating that BMT-1 

exhibits promising in vitro immunosuppressive activity. This molecule may be an interesting lead 

compound for the development of new immunomodulatory agents. 

3. Experimental Section  

3.1. Chemicals 

2-(1H-Benzimidazol-2-yl)-4,5,6,7-tetrahydro-2H-indazol-3-ol (BMT-1, purity>99%) was obtained 

from Chembridge, Inc. (San Diego, CA, USA). DMSO (Sigma-Aldrich Co., St. Louis, MO, USA) was 

used to dissolve BMT-1. Rapamycin was obtained from LC Laboratories (Woburn, MA, USA). The 

known H+/K+-ATPase blocker Lansoprazole was obtained from Sigma (Sigma-Aldrich Co.). 

3.2. Antibodies and Reagents 

Anti-human IL-2 purified, anti-human IL-2 biotin, anti-human CD3 affinity purified and anti-human 

CD28 affinity purified (costimulatory) antibodies were purchased from eBioscience (San Diego, CA, 

USA). phytohemagglutinin (PHA) was purchased from Sigma-Aldrich Co. 

3.3. Cell Isolation and Culture 

The blood donors were healthy individuals who provided informed consent. Peripheral blood 

mononuclear cells (PBMCs) were isolated via Lymphoprep density-gradient centrifugation (Nycomed 

AS, Oslo, Norway). The cells were resuspended in RPMI 1640 culture medium (Gibco, Gaithersburg, 

MD, USA) supplemented with 10% foetal bovine serum (Gibco) and 2 mM L-glutamine. The CD3+  
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T cells were negatively selected from PBMCs using immunomagnetic beads to deplete the non-T cells 

according to the manufacturer’s instructions (Miltenyi Biotec, Bergisch Gladbach, Germany). The 

purity of the resulting T cell populations was examined via flow cytometry, and a T cell population 

with 95% purity was used for the following experiments. The study protocol was approved by the 

Institutional Review Board (IRB) of Chengdu Medical College. 

3.4. Western Blot Analysis 

The cells (5 × 106) were lysed for 30 min in ice-cold lysis buffer (Bioteke Corp., Beijing, China). The 

cell lysates were cleared using centrifugation for 15 min at 15,000 rpm and used for immunoprecipitation. 

The proteins (50 μg/lane) were resolved using sodium dodecyl sulphate–polyacrylamide gel 

electrophoresis (SDS-PAGE), and the proteins were transferred to a PVDF membrane. The membranes 

were blocked with a 5% milk solution for 1 h and primary antibodies against the H+/K+-ATPases 

Beta-subunit (ATP4B) were used. The blots were developed using ECL chemiluminescence reagents 

(Millipore Corp., Bedford, MA, USA). 

3.5. Measurement of ATPases Activity in T Cells 

The cells (5 × 107) were collected by centrifugation at 600× g for 5 min at 4 °C and washed with 

ice-cold 0.9% saline solution. Afterwards, the cells were homogenised in an ice-cold dounce tissue 

grinder, and the homogenate was transferred into tubes with final BMT-1 concentrations of 0, 25, 50, 

100 μM, and DMSO was used as negative control. The samples were incubated for 10 min at 37 °C. 

To analyse the activity of the H+/K+-ATPase, the OD value at 660 nm was detected according to the 

procedure for the H+/K+-ATPase kit (Nanjing Jiancheng Biochemical Institute, Nanjing, China).  

The activity of H+/K+-ATPases (U/mg-prot) = (OD_test − OD_control)/OD_standard × Standard 

Concentration (0.5 μmol/mL) × (60 min/10 min) × dilution ratio (4.8)/protein concentration (mg/mL). 

3.6. Evaluation of Cytosolic pH 

The pH standard buffer solutions were prepared as previously described [24], and the pH of the 

solution was regulated to 5.8, 6.2, 6.6, 7.0, and 7.4. The first step was to establish a standard curve. 

The cells were cultured for 24 h in six-well plates at 5 × 105 cells per well. Next, the upper medium was 

removed, and the cells were washed with PBS twice. Subsequently, the BCECF-AM (final concentration 

= 5 μM) was added, and the cells were incubated for 30 min. The supernatant was removed, and the 

cells were washed twice by the pH standard buffer solutions at different pH values. Afterward, nigericin 

was added to each well to a final concentration of 10 μM, and the cells were incubated for 15 min 

under normal conditions. The BCECF fluorescence intensity was recorded using flow cytometry. The 

effects of BMT-1 on the cytosolic pH were evaluated by flow cytometry using the pH-sensitive 

fluorescent probe BCECF-AM. Approximately 1 × 106 cells were incubated at 37 °C for 30 min in 1 mL 

of RPMI containing 1 μmol/L BCECF-AM. The cells were washed in HBSS, placed on ice, and analysed 

by using the BD Accuri C6 Flow Cytometer (Accuri Cytometers, Ann Arbor, MI, USA) and CFlow 

software (version 1.0.227.4, BD Accuri) to collect the emission of BCECF-AM in the FL1channels. 

Finally, the relative cytosolic pH of individual cells was calculated according to the pHi standard. 
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3.7. Proliferation Testing 

The purified human T cells were incubated with CFSE in PBS at a final concentration of 2.5 μM for 

10 min. The CFSE-labelled cells were stimulated with 5 μg/mL PHA or plate-bound anti-CD3 (2 μg/mL) 

plus soluble anti-CD28 (1 μg/mL). The cells were cultured for 5 days in the presence or absence of 

varying concentrations of BMT-1. Rapamycin was used as a positive control. The cells were sorted 

based on the CFSE fluorescence. Flow cytometric analysis was performed using a FACScan flow 

cytometer (Becton Dickinson, San Jose, CA, USA) and analysed using CELLQuest software (Becton 

Dickinson). Methods using CFSE labelling were employed to calculate the absolute number of mitotic 

events occurring in the culture. 

3.8. Viability of Lymphocytes and BMT-1 Exposure 

To test the cytotoxicity of BMT-1, PBMCs were treated with different concentrations of BMT-1 for 

72 h. The viable cell density was then measured using a BD Accuri C6 Flow Cytometer (BD Accuri). 

The data were analysed using CFlow software (version 1.0.227.4, BD Accuri). The results were 

expressed as the mean percentage survival ± SD for four replicates.  

3.9. Cell Cycle Analysis 

The density of purified human T cells was adjusted to 1 × 106 cells/mL before use of the cells. The 

cell suspension (1 mL) was placed in a six-well flat-bottomed plate. The cells were stimulated with  

5 μg/mL PHA or plate-bound anti-CD3 (2 μg/mL) plus soluble anti-CD28 (1 μg/mL). BMT-1 was 

added to the cells. The plates were incubated under a 5% CO2-air humidified atmosphere at 37 °C for 

3 days. The cells were harvested using centrifugation, washed in PBS, and fixed in 70% ethanol for  

30 min at −20 °C. After washing the cells once with PBS, DNA was stained with propidium iodide  

(20 μg/mL) containing 100 μg/mL of ribonuclease A for 30 min. Flow cytometric analysis was 

conducted with a BD Accuri C6 Flow Cytometer (BD Accuri), and data were analysed using CFlow 

software (version 1.0.227.4, BD Accuri).  

3.10. The Effect of BMT-1 on the Expression of CD25 (IL-2 Receptor Chain) and IL-2 on Human T 

Cells Stimulated with Anti-CD3/CD28 

The CD25 expression in lymphocytes was measured 48 h after the T cells were stimulated with 

anti-CD3/CD28 antibodies. The cell staining data were acquired using a BD Accuri C6 Flow 

Cytometer (BD Accuri) and analysed using CFlow software (version 1.0.227.4, BD Accuri). The IL-2 

concentrations in the culture supernatants were determined using ELISA via the Quantikine 

immunoassays manufactured by eBioscience Systems (San Diego, CA, USA). Recombinant IL-2 was 

used as the standard. The assays were performed according to the protocol provided by eBioscience.  

3.11. Inhibition of Human IL-2 Dependent PBMCs Blast Proliferation 

The PBMCs were cultured at 2 × 106/mL in media; proliferation was induced by adding 5 μg/mL 

PHA. After 3 days at 37 °C in 5% CO2, the cells were washed three times in media and resuspended to 
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reach a density of 1 × 106/mL in media containing 100 units/mL human recombinant IL-2 (eBioscience). 

After one week, the cells were IL-2-dependent. The cells can be maintained for up to 3 weeks by 

feeding with equal volumes of media plus 100 units/mL IL-2 twice a week [29]. To assess the ability 

of a compound to inhibit the proliferation of IL-2-dependent cells, the IL-2-dependent cells were 

washed three times. After incubation with CFSE in PBS at 2.5 μM for 10 min, the cells were plated  

(1 × 106/mL per well/0.1 mL, with 100 units/mL IL-2) in a flat-bottom 96-well microtiter plate. Using 

a 10 mM stock of BMT-1 in dimethyl sulphoxide (DMSO), 2-fold serial dilutions of the compound 

were added in triplicate wells starting at 2.5 μM. The plates were incubated at 37 °C under 5% CO2 for 

5 days. The inhibition of the IL-2-dependent cells was then measured based on the CFSE fluorescence. 

4. Conclusions 

In summary, BMT-1 inhibits the proliferation of anti-CD3/CD28-stimulated T cells by interfering 

with the H+/K+-ATPases and down-regulates the intracellular pHi. BMT-1 exhibits promising in vitro 

immunosuppressive activity. The opportunity exists to prepare a wide range of compounds by 

introducing various substituents to this structure. BMT-1 may be used as a lead compound for the 

design and development of new immunosuppressive agents. Therefore, further studies, including the 

design, synthesis, and analysis of subsequent derivatives as well as the extension of immunosuppressive 

activity should be performed.  

Acknowledgments 

The authors declare that this work was supported by the National Natural Science Foundation of 

China (No. 81201668, 81273530, 81302786, 21172024), the Scientific Research Fund of the Sichuan 

Provincial Education Department (No. 13TD0028, 11ZA201, 11ZB169), the National Undergraduates 

Innovating Experimentation Project (201313705008) and the Sichuan Province Undergraduates 

Innovating Experimentation Project (201313705008). 

Author Contributions 

Qiang Zou, Yang Liu and Tai Yang conceived and designed the study. Jin Liu, Ning Huang, Ning Li, 

Si-Nian Liu, Tai Yang and Xing-Yan Luo performed the experiments. Min-Hui Li, Hua Li, Li-Mei Li and 

Yan-Tang Wang analyzed data. Tai Yang wrote the manuscript. Jin Liu edited and revised the manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Jauregui, I.; Garcia-Lirio, E.; Soriano, A.M.; Gamboa, P.M.; Antepara, I. An overview of the 

novel HL-antihistamine bilastine in allergic rhinitis and urticaria. Expert Rev. Clin. Immunol. 

2012, 8, 33–41. 

2. Sachs, G.; Shin, J.M.; Vagin, O.; Lambrecht, N.; Yakubov, I.; Munson, K. The gastric H,K ATPase 

as a drug target: Past, present, and future. J. Clin. Gastroenterol. 2007, 41 (Suppl. 2), S226–S242. 



Molecules 2014, 19 17185 

 

 

3. Wexler, R.R.; Greenlee, W.J.; Irvin, J.D.; Goldberg, M.R.; Prendergast, K.; Smith, R.D.; 

Timmermans, P.B. Nonpeptide angiotensin ii receptor antagonists: The next generation in 

antihypertensive therapy. J. Med. Chem. 1996, 39, 625–656. 

4. Navarrete-Vazquez, G.; Cedillo, R.; Hernandez-Campos, A.; Yepez, L.; Hernadez-Luis, F.; 

Valdez, J.; Morales, R.; Cortes, R.; Hernandez, M.; Castillo, R. Synthesis and antiparasitic activity 

of 2-(trifluoromethyl)-benzimidazole derivatives. Bioorg. Med. Chem. Lett. 2001, 11, 187–190. 

5. Achar, K.C.; Hosamani, K.M.; Seetharamareddy, H.R. In-vivo analgesic and anti-inflammatory 

activities of newly synthesized benzimidazole derivatives. Eur. J. Med. Chem. 2010, 45, 2048–2054. 

6. Lazer, E.S.; Farina, P.R.; Oliver, J.T.; Possanza, G.J.; Matteo, M.R. Antiinflammatory benzimidazole 

derivative with inhibitory effects on neutrophil function. Agents Actions 1987, 21, 257–259. 

7. Kedika, R.R.; Souza, R.F.; Spechler, S.J. Potential anti-inflammatory effects of proton pump 

inhibitors: A review and discussion of the clinical implications. Dig. Dis. Sci. 2009, 54, 2312–2317. 

8. Ritter, M.; Schratzberger, P.; Rossmann, H.; Woll, E.; Seiler, K.; Seidler, U.; Reinisch, N.; 

Kahler, C.M.; Zwierzina, H.; Lang, H.J.; et al. Effect of inhibitors of Na+/H+-exchange and 

gastric H+/K+ atpase on cell volume, intracellular pH and migration of human polymorphonuclear 

leucocytes. Br. J. Pharmacol. 1998, 124, 627–638. 

9. Yang, T.; Li, M.H.; Liu, J.; Huang, N.; Li, N.; Liu, S.N.; Liu, Y.; Zhang, T.; Zou, Q.; Li, H. 

Benzimidazole derivative, BMT-1, induces apoptosis in multiple myeloma cells via a 

mitochondrial-mediated pathway involving H+/K+-ATPase inhibition. Oncol. Rep. 2014, 31, 

2743–2750. 

10. Babcock, D.F.; Rufo, G.A., Jr.; Lardy, H.A. Potassium-dependent increases in cytosolic pH 

stimulate metabolism and motility of mammalian sperm. Proc. Natl. Acad. Sci. USA 1983, 80, 

1327–1331. 

11. Gerson, D.F.; Kiefer, H. Intracellular pH and the cell cycle of mitogen-stimulated murine 

lymphocytes. J. Cell. Physiol. 1983, 114, 132–136. 

12. De Milito, A.; Iessi, E.; Logozzi, M.; Lozupone, F.; Spada, M.; Marino, M.L.; Federici, C.; 

Perdicchio, M.; Matarrese, P.; Lugini, L.; et al. Proton pump inhibitors induce apoptosis of human 

B-Cell tumors through a caspase-independent mechanism involving reactive oxygen species. 

Cancer Res. 2007, 67, 5408–5417. 

13. Yeo, M.; Kim, D.K.; Park, H.J.; Cho, S.W.; Cheong, J.Y.; Lee, K.J. Blockage of intracellular 

proton extrusion with proton extrusions with proton pump inhibitor induces apoptosis in gastric 

cancer. Cancer Sci. 2008, 99, 185. 

14. Bonnefoy-Berard, N.; Verrier, B.; Vincent, C.; Revillard, J.P. Inhibition of CD25 (IL-2Rα) 

expression and T-cell proliferation by polyclonal anti-thymocyte globulins. Immunology 1992, 77, 

61–67. 

15. Kudlacz, E.; Perry, B.; Sawyer, P.; Conklyn, M.; McCurdy, S.; Brissette, W.; Flanagan, M.; 

Changelian, P. The novel JAK-3 inhibitor CP-690550 is a potent immunosuppressive agent in 

various murine models. Am. J. Transplant. 2004, 4, 51–57. 

16. Becknell, B.; Caligiuri, M.A. Interleukin-2, interleukin-15, and their roles in human natural killer 

cells. Adv. Immunol. 2005, 86, 209–239. 

17. Theze, J.; Alzari, P.M.; Bertoglio, J. Interleukin 2 and its receptors: Recent advances and new 

immunological functions. Immunol. Today 1996, 17, 481–486. 



Molecules 2014, 19 17186 

 

 

18. Shin, J.M.; Kim, N. Pharmacokinetics and pharmacodynamics of the proton pump inhibitors.  

J. Neurogastroenterol. Motil. 2013, 19, 25–35. 

19. Chen, M.; Huang, S.L.; Zhang, X.Q.; Zhang, B.; Zhu, H.; Yang, V.W.; Zou, X.P. Reversal effects 

of pantoprazole on multidrug resistance in human gastric adenocarcinoma cells by down-regulating 

the V-ATPases/mTOR/HIF-1alpha/P-gp and MRP1 signaling pathway in vitro and in vivo.  

J. Cell. Biochem. 2012, 113, 2474–2487. 

20. Daniel, C.; Bell, C.; Burton, C.; Harguindey, S.; Reshkin, S.J.; Rauch, C. The role of proton dynamics 

in the development and maintenance of multidrug resistance in cancer. Biochim. Biophys. Acta 

2013, 1832, 606–617. 

21. Putney, L.K.; Barber, D.L. Na-h exchange-dependent increase in intracellular pH times G2/M 

entry and transition. J. Biol. Chem. 2003, 278, 44645–44649. 

22. Webb, B.A.; Chimenti, M.; Jacobson, M.P.; Barber, D.L. Dysregulated pH: A perfect storm for 

cancer progression. Nat. Rev. Cancer 2011, 11, 671–677. 

23. Srivastava, J.; Barber, D.L.; Jacobson, M.P. Intracellular pH sensors: Design principles and 

functional significance. Physiology 2007, 22, 30–39. 

24. Chen, M.; Zou, X.; Luo, H.; Cao, J.; Zhang, X.; Zhang, B.; Liu, W. Effects and mechanisms of 

proton pump inhibitors as a novel chemosensitizer on human gastric adenocarcinoma (SGC7901) 

cells. Cell Biol. Int. 2009, 33, 1008–1019. 

25. Schneider, D.; Gerhardt, E.; Bock, J.; Muller, M.M.; Wolburg, H.; Lang, F.; Schulz, J.B. 

Intracellular acidification by inhibition of the Na+/H+-exchanger leads to caspase-independent 

death of cerebellar granule neurons resembling paraptosis. Cell Death Differ. 2004, 11, 760–770. 

26. Wang, Q.J.; Cai, X.B.; Liu, M.H.; Hu, H.; Tan, X.J.; Jing, X.B. Apoptosis induced by emodin is 

associated with alterations of intracellular acidification and reactive oxygen species in EC-109 

cells. Biochem. Cell Biol. 2010, 88, 767–774. 

27. Pinto, M.C.; Dias, D.F.; Del Puerto, H.L.; Martins, A.S.; Teixeira-Carvalho, A.; Martins-Filho, O.A.; 

Badet, B.; Durand, P.; Alves, R.J.; Souza-Fagundes, E.M. Discovery of cytotoxic and pro-apoptotic 

compounds against leukemia cells: tert-Butyl-4-[(3-nitrophenoxy)methyl]-2,2-dimethyloxazolidine-

3-carboxylate. Life Sci. 2011, 89, 786–794. 

28. Ni, H.T.; Deeths, M.J.; Mescher, M.F. LFA-1-mediated costimulation of CD8+ T-cell proliferation 

requires phosphatidylinositol 3-kinase activity. J. Immunol. 2001, 166, 6523–6529. 

29. Flanagan, M.E.; Blumenkopf, T.A.; Brissette, W.H.; Brown, M.F.; Casavant, J.M.; Shang-Poa, C.; 

Doty, J.L.; Elliott, E.A.; Fisher, M.B.; Hines, M.; et al. Discovery of CP-690,550: A potent and 

selective Janus kinase (JAK) inhibitor for the treatment of autoimmune diseases and organ 

transplant rejection. J. Med. Chem. 2010, 53, 8468–8484. 

Sample Availability: Samples of the compounds 2-(1H-Benzimidazol-2-yl)-4,5,6,7-tetrahydro-2H-

indazol-3-ol are available from the authors. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


