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Abstract 

AIM: To study effect of diterpenoid C extracted from radix curcumae on Helicobacter pylori (H. pylori)-infected inflammation, intestinal metaplasia, and nuclear factor kappa B (NF-κB) signaling pathway in vitro. 

METHODS: We used I-type H. pylori to infect human gastric epithelial gastric epithelium cell line (GES-1) cell lines, and then H. pylori-infected GES-1 cells were treated with radix curcumae (RC)-derived diterpenoid C of different concentrations (5, 10, 20 μg/mL) and amoxicillin. The expression of P65, IκB kinase (IKK) α and IKKγ proteins was detected with Western blot, and the expression of interleukin (IL)-8, IL-6 and IL-4 was determined with ENzyme-linked immunosorbent assay method. Data were analyzed using SPSS software ver18.0. For comparisons between groups of more than two unpaired values, one-way analysis of variance (ANOVA) was used. If an ANOVA F value was significant, posthoc comparisons were performed between groups. If results were not normally distributed, the Mann-Whitney U test was used to compare two groups of unpaired values, whereas for comparisons between groups of more than two unpaired values, the Kruskal-Wallis H test was used. Statistical significance was established at P < 0.05.
RESULTS: The MTT assay results revealed the inhibited rate of GES-1, and indicated that the IC5 of RC-derived diterpenoid C and amoxicillin all were 5 μg/mL for gastric GES-1 cells. The expression of IL-8 was significantly increased, especially at 12 h time point; and the expression of IL-4 was decreased in H. pylori-infected GES-1 cells. After H. pylori-infected GES-1 cells were treated with RC-derived diterpenoid C of different concentrations and amoxicillin, the expression of IL-8 was decreased at 12, 24, 48, 72 h points (P < 0.01), especially in high-concentration diterpenoid C (20 μg/mL) group; and the expression of IL-4 was increased, especially in moderate and high-concentration diterpenoid C (10 and 20 μg/mL) groups. RC-derived diterpenoid C had the inhibitory effects on H. pylori-induced p65 translocation from cytoplasm into cell nucleus, H. pylori-stimulant IkBα degradation, the phosphorylation of P65 and IkBα, and the expression of IKKα and IKKβ proteins.

CONCLUSION: RC-derived diterpenoid C can block NF-κB signal pathway, effectively reducing the secretion of H. pylori-indeced proinflammatory cytokine and increasing the secretion of anti-inflammatory cytokine. 

© 2013 Baishideng. All rights reserved.  
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Core tip: Radix curcumae (RC), a common Chinese crude drug, has a wide range of pharmacological activity including hypolipidemic effect, hepatoprotective effect, anti-tumor, anti-radiation and anti-anaphylaxis. RC-derived diterpenoid C is recemtly obtained from RC ether extract by us, and its chemical properties and constitution are different from curcumin and β-elemene. Our results showed that RC-derived diterpenoid C can block nuclear factor kappa B signal pathway, effectively reducing the secretion of Helicobacter pylori-indeced proinflammatory cytokine and increasing the secretion of anti-inflammatory cytokine. RC-derived diterpenoid C may become an effective drug for treatment of chronic gastritis.
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INTRODUCTION
Gastric carcinogenesis is usually believed to undergo the process including Helicobacter pylori (H. pylori) infection, chronic gastritis, atrophy, intestinal metaplasia, atypical hyperplasia abd gastric cancer[1]. H. pylori infestion can bring to inflammation continuing through activating nuclear factor kappa B (NF-κB) signal pathway[2]. As H. pylori drug resistance becomes strong, it is difficult to eradicate H. pylori. How early to block the progression of chronic gastritis and to reduce gastric carcinogenesis is a main problem for us[3]. At present, there are no effective drugs for treatment of chronic gastritis. Our previous review has indicated that the total effective rate and pathological improvement (atrophy and intestinal metaplasia) are better in Chinese medicine group than in Western medicine group in the treatment of chronic gastritis[4]. But the mechanism of Chinese medicine is still uncear.
Radix curcumae (RC), a common Chinese crude drug, has a wide range of pharmacological activity including hypolipidemic effect, hepatoprotective effect, anti-tumor, anti-radiation and anti-anaphylaxis. RC-derived diterpenoid C is recemtly obtained from RC ether extract by us, and its chemical properties and constitution are different from curcumin and β-elemene. Our previous experiments have shown that RC-derived diterpenoid C has better anti-tumor activity and RC-derived diterpenoid C of high concentration can induce apoptosis[5,6]. Inflammation is strongly associated with tumor and the activation of some signal pathways occur in both inflammation and tumor[7,8], so we investigated the role of RC-derived diterpenoid C in anti-inflammation. Since biological properties are similar in gastric epithelium cell line (GES-1) cells and normal gastric epithelial cells, GES-1 cells were used in this study. The purpose of this study was to observe the effects of RC-derived diterpenoid C on inflammation, intestinal metaplasia and the expression of NF-κB signal pathway-related proteins in H. pylori-treated GES-1 cells.
MATERIALS AND METHODS
Materials
H. pylori strain, (CagA+, VacA+) NCTCl 1637 consistent with international standards, was purcgased from China Disease Control and Prevention Center (Beijing, China). Human gastric epithelial GES-1 cells were purchased from the Institute of Cancer Research, Peiking University. RC-derived diterpenoid C (molecular weight: 380; molecular formula: C22H36O5) was provided by the College of Pharmacy, Zhejiang Univeraity (Hangzhou, China). Amoxicillin (molecular weight: 365.4) dispersible tablets with the batch number 63-110604 were from Xiansheng (Nanjing, China). Enzyme-linked immunosorbent assay (ELISA) kits was purcgased from Nanjing KeyGey Biotech Co., Ltd. Primary antibodies were used. Horseradish peroxidasecoupled secondary antibodies were bought from Promega (Promega). The protein bands were detected employing electrochemi- luminescence chemiluminescence (Thermo Scientific). 
Preparation of RC-derived diterpenoid C

Extraction of RC-derived diterpenoid C: RC-dried rhizome (10 kg) was used in extraction with 80 L of 95% ethanol, which was repeated four times to obtain 247 g of crude extract. After dispersion with 500 mL of water, the crude extract was respectively extracted with 500 mL of petroleum ether, dichloromethane and n-butanol to obtain 95.1 g of methylene bichloride. The methylene bichloride underwent silice gel column chromatography with petroleum ether/acetic ether (100:0, 100:10, 100:20, 100:30, 100:40, 100:50, 100:60, 100:70, 100:80 and 100:90), respectively, to obtain fractions A-J. The fraction E underwent chromatograph with acetonitrile/water (7:3) for 0-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70 and 70-80 min, respectively, to obtain subfractions E1-E8. The subfraction E8 underwent RP-HPLC with acetonitrile/water (45:55) as eluant to obtain diterpenoid C (5.0 mg, tR: 43.7 min). Its molecular structure was shown in Figure 1.
Preparation of diterpenoid C of different concentrations: RC-derived diterpenoid C was made into 10 mg/mL of stock solution with dimethyl sulfoxide (DMSO), and then stored at - 20˚C. The stock solution was diluted with fetal calf serum-free Dulbecco's Modification of Eagle's Medium (DMEM) containing high glucose for use in the experiment. DMSO concentration was controlled at 0.1% (volume percentage). 
Cell culture

The tube containing frozen cells was placed in 37˚C water bath with constant shaking, and the frozen cells were melted within one minute. The tube was sterilized with 75% alcohol, and then quickly placed on a sterile bench for operation. After the tube was opened, cells were placed in high glucose-DMEM containing 10% fetal calf serum for incubation at 37˚C in an atmosphere of 5% CO2. Next day, the medium was changed. When cells reached 80% confluence, cells were digested with 0.25% trypsin for passage. One passage was performed every 2-3 d and the cells after passage 3 were used in this experiment.
Preparation of viable H. pylori suspensions

NCTCI 1637 was incubated in Bushi-modified selective plating medium containing 10% yolk, 10% fetal calf serum, soluble amylum, vancomycin, trimethoprim, amphotericin and polymyxin B at 37˚C in an atmosphere of 85% nitrogen, 5% oxygen and 10% CO2 for 3 d for future use. H. PYLORI was placed in 0.01 mol/L of PBS followed by quantitation with 752 type-spectrophotometer, and then diluted to 3.2 × 104-2.0 × 107 CFU/mL with RPMI1640 containing 2% fetal calf serum. The assays of Gram′s stain, urease, katalase and oxidase were performed to confirm the presence of H. pylori before application.
Cell infection and intervention

Gastric epithelial GES-1 cells were cultured in an incubator containing antibiotics-free RPMI1640 with 10% fetal calf serum. Gastric epithelial GES-1 cells in logarithmic phase were digested with 0.25% trypsin for counting, and then were seeded in 96-well plate at 5 × 104/mL- 1 × 105/mL. When cells reached 80% confluence, H. pylori-negative control group without H. pylori was set. After adherence of viable H. pylori suspensions, H. pylori /GES-1 cells (200:1) were incubated at 37˚C in an atmosphere of 5% CO2 for 2 h, and then RC-derived diterpenoid C of different concentrations were added to incubate for 12, 24, 48 and 72 h, respectively, followed by observation on cell morphology under an electron microscopy. Three wells were set for each group. There were 3 RC-derived diterpenoid C groups with different concetrations, negative control group with 100 μL of RPMI1640 containing GES-1 cells, model group with H. pylori and positive control group with amoxicillin.
Inibitory effects of RC-derived diterpenoid C and amoxicillin on GES-1 cell proliferation (MTT assay)
After GES-1 cells were incubated for 24 h, RC-derived diterpenoid C and amoxicillin (0, 5, 10, 20, 40, 80 ng/mL) were added for 24 h-culture. Three wells were set for each group. MTT (20 μL, 5 mg/mL) was added in each well for 3 h-incubation, and then the supernatant was taken followed by addition of 150 μL of DMSO. At the same time, the blank control group without RC-derived diterpenoid C and amoxicillin was set. Absorbance values were measured with a microplate reader (490 nm) for calculating inhibition rates. The inhibitory concentration 5% (IC5) was adopted in the following experiments, and inhibitory rate (IR) was calculated as follows: IR = (A of control group – A of experimental group/A of control group) × 100%.
Cell morphology

The status of cell growth was observed under an optical microscope after GES-1 cells were incubated for 12, 24, 48 and 72 h, respectively.

Levels of IL-8 and IL-4 in cell supernatant determined with ELISA
We detect the level of IL-8 and IL-4 with ELISA methods according to the manufacturer’s instructions.
Effects of RC-derived diterpenoid C on NF-κB signal pathways in H. pylori -induced GES-1 cell inflammation (Western blot)
The effects of RC-derived diterpenoid C on the nuclear localization of NF-κB p65 were analyzed with Western blot. Cells were divided into blank control group, model (H. pylori) group in which cells were treated for 60 min, and RC-derived diterpenoid C (20 μg/mL) + H. pylori group in which cells were first treated with RC-derived diterpenoid C for 2 h, and then infected with H. pylori. After nuclear proteins and cytoplasmic proteins were extracted, P65 protein in them was respectively determined. The effects of RC-derived diterpenoid C on the key proteins of NF-κB signal pathways were analyzed.
Statistical analysis
The experiments were repeated three times independently. Data were presented as the mean ± SD. Data were analyzed using SPSS software ver18.0. If the results were distributed normally, the two independent samples t test was used for comparison. For comparisons between groups of more than two unpaired values, one-way analysis of variance (ANOVA) was used. If an ANOVA F value was significant, posthoc comparisons were performed between groups. If results were not normally distributed, the Mann-Whitney U test was used to compare two groups of unpaired values, whereas for comparisons between groups of more than two unpaired values, the Kruskal-Wallis H test was used. Statistical significance was established at P < 0.05.

RESULTS
Effects of RC-derived diterpenoid C and amoxicillin on GES-1 cell proliferation
As shown in Table 1, and Figure 1, RC-derived diterpenoid C and amoxicillin inhibited human gastric GES-1 cell proliferation in time and dose-dependent manners, namely that with the increase in drug concentration and the extension in drug action time, the inhibition rate was increased. The maximum un-cytotoxic concentration (IC5) was 5 μg/mL. We adopted 5, 10, 20 μg/mL of RC-derived diterpenoid C as low, moderate and high-concentration diterpenoid C groups, and 5 μg/mL of moxicillin as drug-intervention group in the following experiments. The highest inhibition rate was 79.527% ± 6.879% obtained by 80 μg/mL of diterpenoid C with 72 h action time.
Effects of RC-derived diterpenoid C on human gastric GES-1 cell morphology

In bland group, GES-1 cells were polygon-shaped or spindle-shape with pseudopodia and island-like growth. Cells gradually were adherent. With prolonged incubation time, the number and density of cells were increased with a few floating cells (Figure 2A). In the GES-1 cells treated with H. pylori for 12 (Figure 2B), 24 (Figure 2C), 48 (Figure 2D) and 72 (Figure 2E), cells became round; adherent cells were decreased and floating cells were increased; fragments occurred around cells; cell junction was reduced; the boundaries between cell nucleus and cytoplasm were obscure, and nucleus-cytoplasm fusion was seen. In the GES-1 cells treated with RC-derived diterpenoid C (5, 10, 20 μg/mL), adherent cells increased and cell morphology gradually recovered at 24 h (Figure 2F-I, respectively). Amoxicillin had no marked effects on cell morphology.
Effects of RC-derived deterpenoid C on H. pylori -induced human gastric GES-1 cell inflammation

Effects of RC-derived deterpenoid C on the secretion of IL-8: As shown in Figure 3A, after human gastric GES-1 cells were infected with H. pylori, IL-8 in the supernatant was significantly increased, especially at 12 h-time point. With prolonged time, IL-8 level was gradually decreased. There were statistical differences in IL-8 levels at 12 h, 24 h, 48 h and 72 h-time points (all P = 0.000). After human gastric GES-1 cells were treated with diterpenoid C of different concentrations and amoxicillin, compared with model group, IL-8 level at each time point was significantly decreased with statistical significance.
Effects of RC-derived deterpenoid C on the secretion of IL-4: As shown in Figure 3B, after human gastric GES-1 cells were infected with H. pylori, IL-4 in the supernatant was significantly decreased with statistical differences compared with that at each time point of blank control group. After human gastric GES-1 cells were treated with diterpenoid C of low concentration, IL-4 level at each time point was increased, but P values at 12 h, 24 h, 48 h and 72 h-time points were 0.472, 0.550, 0.446 and 0.067, respectively, without statistical differences. After human gastric GES-1 cells were treated with diterpenoid C of moderate and high concentrations, IL-4 level at each time points was increased with statistical differences. After human gastric GES-1 cells were treated with amoxicillin, IL-4 level at each time point was increased, but their P values at 12 h, 24 h, 48 h and 72 h-time points were 0.092, 0.245, 0.446 and 0.053, respectively, without statistical differences. The results above suggest that the diterpenoid C of moderate and high concentrations can promote GES-1 cells to secrete IL-4, while amoxicillin has no the similar effect.
Effects of RC-derived diterpenoid C on NF-κB signal pathway activated by H. pylori in human gastric GES-1 cells
Nucleic localization of NF-κB p65: Our results indicated that 60 min after H. pylori infected human gastric GES-1 cells, P65 expression was increased in cell nucleus, but decreased in cytoplasm, suggesting that HP can allow p65 translocation from cytoplasm to cell nucleus. In blank control group, there was a lot of p65 expression in cytoplasm. In high-concentration group of RC-derived diterpenoid C, p65 translocation was reduced, demonstrating that RC-derived diterpenoid C can inhibit p65 translocation from cytoplasm into cell nucleus induced by H. pylori (Figure 4). 
Effects of RC-derived diterpenoid C on IkBα degradation caused by H. pylori
After GES-1 cells were respectively treated with H. pylori for 0, 15, 30, 60 and 90 min, cytoplasm was isolated to be used for determination of IkBα degradation with Western blot. Results indicated that IkBα began reducing at 15 min-time point and was the lowest at 30 min-time point; 60 min later, the decreased IkBα gradually recovered (Figure 5A, B). These results suggest that H. pylori can lead to IkBα degradation. Based on this, we observed the effects of RC-derived diterpenoid C on IkBα degradation caused by H. pylori, and foud that IkBα was basically unchanged. This suggests that RG-derived diterpenoid C can inhibit IkBα degradation caused by H. pylori (Figure 5C).
Expression of IkBα and P65 phosphorylated proteins, and IκB kinasec α, IκB kinase β and P65 proteins
H. pylori rapidly induced phosphorylation of P65 and IkBα proteins. P65 phosphorylation was clearly seen at 5 min-time point, and was the most strong between 15 min and 30 min, and then gradually weakened. IkBα phosphorylation was seen at 5 min-time point, and was the most strong at 15 min-time point, and then gradually weakened. In a short time, the expression of P65, IκB kinase (IKK)α and IKKβ proteins was not markedly changed in H. pylori group. These results suggest that H. pylori is a good activator of NF-κB signal pathways. RC-derived diterpenoid C inhibited H. pylori-induced P65 and IkBα phosphorylation, decreased the expreassion of P65, IKKα and IKKβ proteins (Figure 6). These results indicated that RC-derived diterpenoid C decreased IkBαprotein degradation through inhibiting phosphorylation of P65 and IkBα and the expression of IKKα and IKKβ proteins. RC-derived diterpenoid C may be an effective inhibitor of NF-κB. 
DISCUSSION
Recent studies indicate that H. pylori activates NF-κB through two pathways. One pathway is depedent on cag pathogenicity island (CagPAI), but independent of CD14 and interleukin-1 receptor-associated kinase. Another pathway is dependent on CD14 and toll-like receptor 4, but independent of CagPAI. H. pylori chiefly activates NF-κB classics approach. So it is important to P53 moving nuclear and IkBα degradation in NF-κB classics approach. In addition, H. pylori infection induces IkB-β attenuation. In gastric cancer cells, the activities of IkB-α and IkB-β are increase, and the phosphorylation of serine residues of IkB-α and IkB-β induces the degradation of regulatory proteins of NF-κB, activating NF-κB. H. pylori infection may induce gastric mucosal inflammatory, and increase the release of PGE2, IL-8 and ROS[10-12], the possible mechanism of which may be related to NF-κB pathways[13]. 
NF-κB, an important nuclear factor, is involved in cell proliferation[14], immune response[15] and inflammation[16] through regulating the transcription of many genes[17]. In recent years, a great deal of attention has been paid to its role in inflammation and cancer[18,19]. Kim et al[20] believes that chronic inflammation is the seventh feature of tumor, chronic inflammation is strongly associated with tumor, and carcinogenesis is from the site of chronic inflammation. In some chronic inflammation-related tumors such as ulcerative colitis and colon cancer, chronic hepatitis and liver cancer, and chronic cervicitis and cervical cancer, NF-κB is found to be super-activated. NF-κB is an important molecule between chronic inflammation and tumor, and is regarded as a bridge between chronic inflammation and tumor.
Many studies have found that the curcumin, a main component of RC-ethanal extract, has highly effective anti-cancer activity with tumor cells[21-24], tumor-associated proteins[25,26], tumor-associated genes[27] and tumor-associated signal transduction pathways[28,29] as targets. It has been classified as the third-generation cancer-chemoprophylactic drug by United States National Cancer Institute. The elemene, a main component of RC-ether extract, can induce cancer apoptosis through down-regulating the expression of Bcl-2 and vascular endothelial growth factor (VEGF), increasing the levels of cytochrome C and caspase-3 and blocking cell cycle progression[30-32]. Elemene emulsion with β-elemene as the main raw material has been widely used in the treatment of solid tumors, malignant hydrothorax and ascites, and metastasis tumor of brain[33,34]. However, the bioavailability of curcumin is lower, and elemene can produce vein injury, so their clinical application is limited. Therefore, due to this, we successfully obtained a new diterpenoid C from RC-ether extract, and its chemical constitution and properties are different from curcumin and elemene[35,36]. In this study, we explored the inhibitory effects of RC-derived diterpenoid C on H. pylori-induced GES-1 cell inflammation.  
In this tudy, in the absence of stimulus, GES-1 cells secrete a tille cytokine. After GES-1 cells were treated with HP, the levels of proinflammatory cytokins including IL-8 and IL-6 were significantly increased, and the the level of anti-inflammatory cytokine IL-4 was significantly decreased. RC-derived diterpenoid C was conducive to the balance between proinflammatory cytokines and anti-inflammatory cytokines. The possible mechanism is that RC-derived diterpenoid C has the cascaded inhibitory effects on the expression of IKKα and IKKβ, H. pylori-induced IkBα degradation, H. pylori-induced p65 translocation from cytoplasm into cell nucleus, the combination of p65 with inflammatory target genes and the release of inflammatory cytokins. Therefore, we infer that RC-derived diterpenoid C is an effective inhibitor of NF-κB.
In summary, RC-derived diterpenoid C, a newly effective anti-inflammatory factor, plays its role in H. pylori-infected GES-1 cells possibly through inhibiting NF-κB pathway. In view of the complexity of human life control and cell-signal transduction network, there may be more potential mechanisms about the anti-inflammatory effects of RC-derived diterpenoid C. Exploring RC-derived diterpenoid C to block the combination of NF-κB with its target gene with a reduction or elimination of cytokines has become a new idea to interrupt the progression of chronic gastritis into gastric cancer. This has important values in research and application.   
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Figure 1 The molecular structure of radix curcumae-derived diterpenoid C. Originated from [9], with permission.

Figure 2 Gastric epithelium cell line cell morphology (× 200). In bland group, gastric epithelium cell line (GES-1) cells were polygon-shaped or spindle-shape with pseudopodia and island-like growth. Cells gradually were adherent. With prolonged incubation time, the number and density of cells were increased with a few floating cells (A). In the GES-1 cells treated with Helicobacter pylori for 12 (B), 24 (C), 48 (D) and 72 (E), cells became round; adherent cells were decreased and floating cells were increased; fragments occurred around cells; cell junction was reduced; the boundaries between cell nucleus and cytoplasm were obscure, and nucleus-cytoplasm fusion was seen. In the GES-1 cells treated with radix curcumae-derived diterpenoid C (5, 10, 20 μg/mL), adherent cells increased and cell morphology gradually recovered at 24 h (F-I, respectively). Amoxicillin had no marked effects on cell morphology.

Figure 3 Effects of radix curcumae-derived deterpenoid C on Helicobacter pylori -induced human gastric epithelium cell line cell inflammation. A: The changes in the level of interleukin (IL)-8 in cell supernatant; B: The changes in the level of IL-4 in cell supernatant
Figure 4 Effects of radix curcumae-derived diterpenoid C on nucleic localization of uclear factor kappa B p65.
Figure 5 Effects of radix curcumae-derived diterpenoid C on IkBα degradation caused by Helicobacter pylori. A: After gastric epithelium cell line cells were respectively treated with Helicobacter pylori for 0, 15, 30, 60 and 90 min, cytoplasm was isolated to be used for determination of IkBα degradation with Western blot; B: Helicobacter pylori; C: Diterpenoid C + Helicobacter pylori.
Figure 6 Effects of radix curcumae-derived diterpenoid C on the expression of uclear factor kappa B proteins

Table 1 Inhibition rates of radix curcumae-derived diterpenoid C on human gastric gastric epithelium cell line cell proliferation (n = 3)
	Drug level

(μg/mL)
	Action time 

	
	24 h 
	48 h
	72 h

	Radix curcumae-derived diterpenoid C
	

	0 (negative control)
	-
	-
	-

	5
	4.320% ± 0.056%
	5.695% ± 0.657%
	9.043% ± 0.121%

	10
	8.409% ± 0.879%
	11.734% ± 0.547%
	20.512% ± 1.098%

	20
	10.537% ± 1.098%
	19.96% ± 2.093%
	29.841% ± 2.345%

	40
	13.273% ± 0.897%
	28.473% ± 5.093%
	45.723% ± 5.876%

	80
	15.805% ± 0.975%
	65.056% ± 6.098%
	79.527% ± 6.879%

	Amoxicillin
	
	

	0 (negative control)
	-
	-
	-

	5
	6.671% ± 0.987%
	7.935% ± 0.567%
	10.769% ± 1.087%

	10
	8.325% ± 0.765%
	14.769% ± 0.897%
	19.130% ± 1.098%

	20
	9.731% ± 0.345%
	18.530% ± 1.876%
	29.154% ± 1.543%

	40
	12.929% ± 1.098%
	25.691% ± 1.786%
	31.832% ± 1.346%

	80
	14.953% ± 1.876%
	38.427% ± 2.765%
	43.790% ± 2.983%
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