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Abstract
Background/Aims: To investigate the regulation of LaCl

3 
on lipopolysaccharides (LPS)-

induced pro-inflammatory cytokines and adhesion molecules in human umbilical vein 
endothelial cells (HUVECs). Methods: Primary cultured HUVECs were pretreated with 2.5 μM 
LaCl

3
 for 30 min followed by 1 μg/ml LPS for 2 h. Pro-inflammatory cytokine and adhesion 

molecule expressions were determined by real-time RT-PCR and ELISA. NF-κB/p65 nuclear 
translocation was examined by immunofluorescence and immuno-blot, and its DNA-binding 
activity was measured by chemiluminescence. Recruitment of NF-κB/p65, Jmjd3, and 
H3K27me3 to gene promoter regions was determined by ChIP-qPCR. Results: LaCl

3
 exhibited 

no cytotoxic effects to primary HUVECs at concentrations ≤ 50 μM. LPS-mediated TNF-α, IL-
1β, IL-6, MMP-9, and ICAM-1 production, nuclear translocation, and DNA-binding activity of 
NF-κB/p65, as well as Jmjd3 expression, were all reduced significantly by LaCl

3
. Furthermore, 

LaCl
3
 treatment significantly impaired LPS-induced enrichment of NF-κB/p65 to the promoter 

regions of TNF-α, MMP-9, IL-1β, ICAM-1, and IL-6; and of Jmjd3 to the promoter regions of 
TNF-α, MMP-9, IL-1β, and IL-6. H3K27me3 abundance in the promoter regions of TNF-α and 
ICAM-1 increased significantly in following LaCl

3
 treatment. Conclusion: LaCl

3
 inhibits pro-

inflammatory cytokine and adhesion molecule expressions induced by LPS in HUVECs. NF-κB 
and histone demethylase Jmjd3 are involved in this effect.

IntroductionVascular inflammation plays important roles in various diseases including cardiovascular diseases and diabetes [1-3]. It is well-established that pro-inflammatory cytokines and adhesion molecules contribute to these diseases. For example, tumor necrosis factor (TNF)-α and interleukin (IL)-6 are up-regulated in inflammatory states associated with obesity and diabetic metabolic disturbances, participating in damage to organs and 
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arteries, and maintaining the inflammatory state [4]. Inflammatory cytokines like TNF-α also activate genes like matrix metalloproteinases (MMPs), which are responsible for collagen matrix remodeling [5], and intercellular adhesion molecule (ICAM)-1, which is responsible for recruiting immune cells [6]. Cyclooxygenase (COX)-2 is up-regulated by inflammation and accounts for the large amount of prostaglandins observed in inflamed tissues [7]. Vascular endothelial cells participate in inflammation both as mediator-releasing and target cells. Since vascular endothelial cells line the interior of the blood vessels, they are constantly exposed to all compounds found in the blood and play a key role in many pathological processes [8]. Their dysfunction is a critical underlying cause of vascular inflammation-related diseases [9-12]. The main epigenetic processes in the regulation of gene expression are now well-known. Indeed, the accessibility of chromatin is regulated by epigenetic mechanisms [13]. These epigenetic processes regulate transcription through various post-translational histone modifications, commonly referred to as the “histone code”. Over the past few years, evidence has been found of the involvement of epigenetic mechanisms to pathological changes of human vascular cells [14, 15]. Tri-methylation of lysine 27 in histone H3 (H3K27me3) has been revealed to be associated with transcriptional repression [16]. Histone lysine demethylases are chromatin modifiers that play important roles in many pathological processes such as inflammation and cancer, making them potentially attractive drug targets. One of the well-studied histone lysine demethylases is the jumonji domain containing 3 (Jmjd3, also known as Kdm6b), which removes methyl groups from H3K27me3/2 [17]. Jmjd3 was found to be directly up-regulated by NF-κB in LPS-induced macrophages [18], highlighting a link between epigenetic regulation and inflammation.An epidemiological investigation from people living in areas rich in rare earth elements strongly suggested that blood rare earth element levels have an impact on blood pressure, blood glucose, and other physiological indexes [19]. In fact, rare earth elements have many applications in medicine such as cerium compounds being applied in burns treatment [20, 21]. Lanthanum, a light rare earth element, has potential applications in medicine [22] and lanthanum carbonate is used in the treatment of hyperphosphatemia [23, 24]. Rare earth elements are reported to possess a number of physiological effects such as immune regulation [25, 26], anti-virus [27], and anticancer [28-30].Previous studies by our group showed that lanthanum inhibits inflammatory gene expression by blocking the NF-κB pathway of macrophages in LPS-mediated inflammatory conditions [26, 31]. NF-κB plays a major role in governing the vascular inflammatory process by directly upregulating pro-inflammatory cytokines and adhesion molecules [32]. However, the epigenetic regulating effects of rare earth elements on human vascular cells remain largely unknown.Therefore, the aim of the present study was to explore the epigenetic regulation by LaCl3 of the NF-κB downstream pro-inflammatory cytokines and adhesion molecules in LPS-activated human umbilical vein endothelial cells (HUVECs). 
Material and Methods

Primary culture of human umbilical vein endothelial cells (HUVECs)The present study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University, China (No.: 20150305gf). Umbilical cord donations for research purposes were obtained after written consents from the patients.HUVECs were isolated from human umbilical cords using collagenase [33] and cultured in endothelial cell medium (ECM; LPS < 0.03 U/ml; Sciencell Research Laboratories, Carlsbad, CA, USA) with endothelial cell growth supplement (ECGS, Cat. #1052; Sciencell Research Laboratories, Carlsbad, CA, USA), antibiotics (1% penicillin/streptomycin), and 5% fetal bovine serum (FBS; LPS < 0.03 U/ml; GIBCO, Invitrogen Inc., Carlsbad, CA, USA). The cells were maintained at 37°C in humidified air containing 5% CO2. Subcultures were performed using trypsin-EDTA. Cells were used at passages 3-5 for the following experiments. Endothelial 
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cells were identified by typical phase contrast ‘cobblestone’ morphology and by immunofluorescence to factor VIII antigen.
TreatmentsAccording to our previous studies [26, 31], HUVECs were incubated with LPS (1 μg/ml, from Escherichia coli; serotype 055:B5; Sigma, St Louis, MO, USA) to promote the activation of NF-κB. We found in the pre-experiments that the activation of NF-κB in HUVECs peaks at 2 h. Therefore, HUVECs were incubated with 1 μg/ml LPS for 2 h to detect NF-κB/p65 DNA-binding activity.To determine the cytotoxicity of lanthanum on HUVECs, the cells were treated with 0, 2.5, 5, 25, 50, 100, and 200 μM of LaCl3 (LaCl3·7H2O, purity: 99.9%; Sigma, St Louis, MO, USA) for 24 h. To estimate the effects of lanthanum on NF-κB/p65, Jmjd3, and H3K27 methylation status in LPS-induced HUVECs, the cells were divided into four groups: LPS group (incubated with 1 μg/ml of LPS), LaCl3 group (incubated with 2.5 μM of LaCl3), LaCl3 + LPS group (pretreated with 2.5 μM of LaCl3 for 0.5 h, washed with PBS to remove LaCl3, and then treated with 1 μg/ml of LPS), and control group (cultured with ECM only).
Cell viabilityCell viability assay was estimated using the 3-(4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide (MTT) assay [34].
ImmunofluorescenceHUVECs seeded in 24-well cell culture cluster with glass slide were fixed with freshly prepared 3.7% paraformaldehyde in phosphate-buffered saline (PBS) for 15 min and permeablized with 0.5% Triton X-100 at room temperature. Non-specific binding was reduced by blocking the cells with freshly prepared 1% bovine serum albumin (BSA) in PBS for 1 h at room temperature. Then, the cells were incubated with goat anti-factor VIII antibody (1:1000; Abcam, Cambridge, MA, USA) or anti-NF-κB/p65 antibody (1:100; Santa Cruz Biotechnology, Santa Cruz, CA, USA), washed, and incubated with FITC (fluorescein isothiocyanate)-conjugated secondary antibody (Sigma, St Louis, MO, USA). Nuclear staining was completed by DAPI (4', 6-diamidino-2-phenylindole; Sigma, St Louis, MO, USA) staining. The localization and expression of factor VIII and NF-κB/p65 were visualized using a fluorescence microscope (IX71; Olympus, Tokyo, Japan).
Preparation of total protein extracts and of cytosolic and nuclear fractionsRIPA buffer containing protease and phosphatase inhibitors (Beyotime Institute of Biotechnology, Haimen, China) was used to obtain total protein extracts. The nuclear and cytoplasmic fractions were obtained using the NE-PER® Nuclear and Cytoplasmic Extraction Reagents (Thermo Fisher Scientific, Waltham, MA, USA), according to the manufacturer’s instructions. The protein concentration was determined by a protein assay reagent (Bio-Rad, Hercules, CA, USA). All extracts were stored in aliquots at -80°C until use.
Western blotThe HUVECs were processed for western blotting [31]. Total, nuclear, and cytoplasmic extracts (30 μg of protein per lane) were separated by SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) and transferred onto polyvinylidene fluoride (PVDF) membranes. The bands were detected with rabbit anti-Jmjd3 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), rabbit anti-IκBα (Santa Cruz Biotechnology, Santa Cruz, CA, USA), mouse anti-NF-κB/p65 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), rabbit anti-H3K27me3 antibody (Abcam, Cambridge, MA, USA), and rabbit anti-H3K27me2 antibody (Abcam, Cambridge, MA, USA). Rabbit anti-GAPDH primary antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and Rabbit anti-Lamin B1 (Boster, WuHan, China) were used as reference for total protein and nuclear protein, respectively. The chemiluminescence substrate solution (Pierce, Dallas, TX, USA) was incubated for 5 min.
Nuclear NF-κB/p65 DNA-binding activityAccording to the manufacturer’s instructions of the Universal EZ-TFA Transcription Factor Assay Chemiluminescent kit (Millipore corp., Billerica, MA, USA), nuclear extracts from HUVECs were added to the plates containing biotinylated oligonucleotides with NF-κB binding sites (5'-GGGACTTTCC-3'). An NF-κB/p65 specific competitor oligonucleotide having the same sequence as the NF-κB capture probe without 
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being biotinylated was used as negative control. After 1 h of incubation at room temperature, the plates were washed and incubated with rabbit anti-NF-κB/p65 antibody for 1 h. After washing the plates, anti-rabbit horseradish peroxidase-conjugated antibody (1:500) was added and washed after 30 min. The chemiluminescence substrate solution was added and incubated for 5-8 min. The reaction was stopped and samples were read at 1-s integration time in a microplate reader (GloMax-96; Promega, Madison, WI, USA).
Quantitative polymerase chain reaction (RT-qPCR)Total RNA was extracted using TRIZOL (Invitrogen, Carlsbad, CA, USA) from treated HUVECs and quantified by spectrophotometry. RT-qPCR was carried out using a first strand cDNA synthesis kit (Promega, Madison, WI, USA) and SYBR GreenERTM qPCR SuperMix for ABI PRISM® systems (Invitrogen Inc., Carlsbad, CA, USA). All reactions involved initial denaturation at 95°C for 2 min followed by 40 cycles of 95°C for 25 s and 55°C for 45 s. The relative amount of each gene was normalized to the housekeeping gene GAPDH. Relative quantity values were analyzed using the 2-ΔΔCt method, which reflects the difference in threshold for each target gene relative to that of control group. The primer sequences are listed in Table 1.
Enzyme-linked immunosorbent assayELISA was performed according to the manufacturer's protocol (RayBiotech, Inc., Norcross, GA, USA) for the following pro-inflammatory cytokines and adhesion molecules in the cell culture supernatants: TNF-α, IL-1β, IL-6, MMP-9, and ICAM-1. Optical density was measured at 450 nm using a FLUOstar OPTIMA microplate reader (BMG LABTECH GmbH, Ortenberg, Germany).

Table 1. Primers used in real-time PCR analysis. F: Forward; R: Reverse

Table 2. Primers used in the ChIP-qPCR analysis

Chromatin immunoprecipitation and 

quantitative PCR assayTo quantify the abundance of NF-κB/p65, Jmjd3, and H3K27me3 in the promoter regions of the target genes, chromatin immunoprecipitation was performed using a ChIP assay kit (Millipore corp., Billerica, MA, USA). HUVECs were crosslinked with 1% formaldehyde, washed, and re-suspended in SDS lysis buffer. Nuclei were fragmented by sonication. Chromatin fractions were cleared with protein A-agarose beads followed by immunoprecipitation overnight with anti-H3K27me3 antibody (Abcam, Cambridge, MA, USA), anti-Jmjd3 antibody (Abcam, Cambridge, MA, USA), anti-NF-κB/p65 antibody (Abcam, Cambridge, MA, USA), or with control IgG accordingly (Rabbit IgG-ChIP Grade (Abcam, ab171870) for Jmjd3, H3K4me3 and NF-KB; Mouse IgG1 (ab 81032) for H3K27me3). Cross-linking was reversed, followed by proteinase K digestion. Amplifications of the immuno-precipitated DNA were performed by real-time PCR. All reactions were performed in triplicate in a final volume of 25 μl. The primer sequences are shown in Table 2. Data was presented as the amount of DNA recovered by specific antibodies relative to DNA enriched by the appropriate IgG controls.
Statistical analysisAll experiments were independently performed three times with values presented as mean ± standard error of the mean (SEM). Data 
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was analyzed with Prism 6 (GraphPad software Inc., San Diego, CA, USA). Significant differences were evaluated using independent samples t tests except that multiple treatment groups were compared by analysis of variance (ANOVA) with the Tukey's post hoc test. Two-sided P-values < 0.05 were considered significant.
Results

LaCl
3
 did not exhibit cytotoxic effect on HUVECsWe successfully isolated HUVECs from human umbilical cords and the cells were identified by the typical "cobblestone" morphology (Fig. 1A) and by immunofluorescence to factor VIII antigen (Fig. 1B). To observe the effect of LaCl3 on the viability of HUVECs, the cells were incubated with 0, 2.5, 5, 25, 50, 100, and 200 μM of LaCl3 for 24 h. The MTT assay suggested that LaCl3 exhibited no cytotoxic effect at concentrations of 0, 2.5, 5, 25, and 50 μM (Fig. 1C).

LaCl
3
 inhibited LPS-induced nuclear translocation and DNA-binding activity of NF-κB/p65 

in HUVECsKnowing that NF-κB/p65 signaling is essential in the processes of LPS-mediated inflammatory response [35], translocation of NF-κB/p65 from the cytosol to the nuclei was observed in the LPS group, but not in the LaCl3+LPS and LaCl3 groups (Fig. 2A), in agreement with the western blot assay of p65 in the nuclear fractions (Fig. 2B). As the NF-κB/p65 localization is tightly regulated by IκB [36], we further tested IκBα levels by western blot. The results showed that LPS induced the decrease of IκBα and that the IκBα levels were also decreased in the LaCl3+LPS group, suggesting that the effects of LaCl3 on the translocation of NF-κB/p65 was not through inhibiting the degradation of IκBα in HUVECs induced by LPS (Fig. 2B). We next sought to determine the DNA-binding activity of p65 from the nuclei extracts. NF-κB/p65 DNA-binding activity was found to increase significantly in the LPS group but not in the other groups, indicating that the LPS-induced DNA-binding activity of p65 can be inhibited by LaCl3 (Fig. 2C).
Fig. 1. Identification of hu-man umbilical vein endothe-lial cells (HUVECs) and the effect of lanthanum (LaCl3) on cell viability of HUVECs. (A) HUVECs were obser-ved under inverted phase contrast microscope (bar = 50 μm). (B) Immunofluore-scence to factor VIII antigen further validated HUVECs (bar = 50 μm). Green: FITC; Blue: DAPI. (C) To observe the effect of LaCl3 on the vi-ability of HUVECs, cells were incubated with 0, 2.5, 5, 25, 50, 100, and 200 μM LaCl3 for 24 h respectively. Data are shown as mean ± standard error of the mean (SEM) from three independent experiments in triplicate.  
*P < 0.05 vs. 0 µM LaCl3.
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LaCl
3
 blocked LPS-induced mRNA expressions and secretion of pro-inflammatory cytokines 

and adhesion molecules in HUVECsAs shown in Fig. 3A, LPS treatment induced significantly higher mRNA levels of TNF-α, 
IL-1β, IL-6, ICAM-1, and MMP-9 (all P < 0.05 vs. control group). Pretreatment with LaCl3 reduced the LPS effects on TNF-α, IL-1β, IL-6, and MMP-9 expression, but promoted COX-2 gene expression (all P < 0.05 vs. the LPS group). Thus, COX-2 was not further studied. LaCl3 treatment alone had no effects on the mRNA levels of TNF-α, IL-1β, IL-6, ICAM-1, and MMP-9.Then, we further observed the secretion of TNF-α, IL-1β, IL-6, ICAM-1, and MMP-9 in cell culture supernatant. Consistent with the RT-qPCR results, LPS stimulation caused a sharp increase in the production of TNF-α, IL-1β, IL-6, ICAM-1, and MMP-9 compared with the control group (all P < 0.001). The results indicated that LaCl3 pretreatment inhibited LPS-induced increase in TNF-α, IL-1β, IL-6, ICAM-1, and MMP-9 levels, while LaCl3 treatment alone did not alter the secretion of TNF-α, IL-1β, IL-6, ICAM-1, and MMP-9 in cell culture supernatant (Fig. 3B).

LPS-induced recruitment of NF-κB/p65 to the gene promoter regions of pro-inflammatory 
cytokines and adhesion molecules was affected by the treatment of LaCl

3
 in HUVECsUsing NF-κB/p65 ChIP-qPCR analysis, we found that the recruitment of NF-κB/p65 to the gene promoter region of MMP-9 and IL-6 (both P < 0.001), TNF-α and ICAM-1 (both P < 0.01), and IL-1β (P < 0.05) was increased in the LPS group compared with the control group (Fig. 4). The NF-κB/p65 recruitment to the above gene promoters was lower in the LPS + LaCl3 group compared with the LPS group (all P < 0.001). Compared with the control group, the accumulation of NF-κB/p65 of the LaCl3 group was up-regulated in the gene promoter region of TNF-α and ICAM-1 (both P < 0.05). Meanwhile, the accumulation in MMP-9, IL-6, and IL-1β gene promoter regions was decreased compared with the LPS group (all P < 0.05) (Fig. 4). These results suggest that LaCl3 can block LPS-induced NF-κB/p65 recruitment in pro-inflammatory cytokine and adhesion molecule genes’ promoter, while LaCl3 alone had various effects on the recruitment of NF-κB/p65 to each pro-inflammatory gene promoter.

 

Fig. 2. LaCl3 decreased lipopolysac-charides (LPS)-induced NF-κB/p65 ex-pression, its nuclear translocation, and its DNA-binding activity in HUVECs. HUVECs were pretreated with 2.5 μM of LaCl3
 

followed by treatment in fresh medium with 1 μg/ml of LPS for 2 h. (A) p65 nuclear translocation was de-termined by immunofluorescence (bar = 50 μm). Green: FITC labeled anti-NF-κB/p65; Blue: DAPI. (B) Protein ex-pressions of NF-κB/p65 and IκBα were determined by western blot. GAPDH and Lamin B1 were used as references for total protein and nuclear protein, respectively. Representative images of three independent experiments are presented. (C) Relative DNA-binding activity. Data are shown as mean ± SEM from three independent experiments performed in triplicate. **P < 0.01 vs. the control group (untreated cells);  #P < 0.05 vs. the LPS group.
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Effects of LaCl
3
 on LPS induction of Jmjd3 gene expression and recruitment of Jmjd3 to 

the gene promoter regions of the pro-inflammatory cytokines and adhesion molecules in 
HUVECs
Jmjd3 mRNA expression was induced by LPS treatment and the effect was significantly blocked by LaCl3 (both P < 0.001). Jmjd3 expression in the LaCl3 group changed little compared with the control group (P > 0.05) (Fig. 5A). Jmjd3 protein expression was consistent with the results from real-time RT-PCR (Fig. 5B). Then we looked into the recruitment of Jmjd3 to the promoter regions of TNF-α, MMP-9, IL-6, IL-1β, and ICAM-1 (Fig. 5C). We found that in the LPS group, the enrichment of Jmjd3 to the TNF-α and MMP-9 (both P < 0.001) gene promoters were increased compared with the control group. LaCl3 treatment blocked the LPS-induced enrichment of Jmjd3 to the promoter region of TNF-α, MMP-9, and IL-6 (all P < 0.001), and 

IL-1β (P < 0.05). However, in the promoter region of ICAM-1, LaCl3 treatment increased the enrichment of Jmjd3 (P < 0.05). Surprisingly, we found that in the LaCl3 group the recruitment of Jmjd3 to the TNF-α, IL-6, and ICAM-1 promoter regions increased significantly.
Methylation status, as shown by H3K27me3, at the gene promoter regions of pro-
inflammatory cytokines and adhesion molecules is altered by LPS and/or LaCl

3H3K27me3, the substrate of Jmjd3, is demethylated into H3K27me2/H3K27me to enable or enhance transcriptional activation [18]. By ChIP-qPCR, we found that LaCl3 lead to higher H3K27me3 levels at the promoter region of TNF-α (P < 0.01) and ICAM-1 (P < 0.001), but lower H3K27me3 at the promoter region of MMP-9 compared with the control group (P < 0.001). On the other hand, LPS treatment resulted in lower H3K27me3 levels at the promoter region of MMP-9, IL-1β and IL-6 compared with the control group (all P < 0.001). When the cells were treated with LPS and LaCl3, the H3K27me3 levels were a little higher than that of the LPS group but still lower than that of the control group. For MMP-9, IL-6, and IL-1β promoter regions, H3K27me3 levels in the cells treated with LPS and LaCl3 were significantly lower than that of the control group (P < 0.01) (Fig. 6). 

 

Fig. 3. LaCl3 blocked LPS-induced mRNA expression and secretion of pro-inflammatory cytokines and adhesion molecules in HUVECs. Endothelial cells were pretreated with 2.5 μM of LaCl3 for 30 min fol-lowed by treatment in fresh medi-um with 1 μg/ml of LPS for 4 h. (A) mRNA expressions of tumor necro-

sis factor (TNF)-α, interleukin (IL)-

6, IL-1β, cyclooxygenase (COX-2), 
matrix metalloproteinase (MMP)-9, and intercellular adhesion molecu-

le (ICAM)-1 were determined by real-time RT-PCR. (B) Secretion of TNF-α, IL-6, IL-1β, MMP-9, and ICAM-1 in the cell culture super-natants was determined by ELISA. Data are shown as mean ± SEM from three independent experi-ments preformed in triplicate. *P < 0.05, **P < 0.01, ***P < 0.001 vs. the control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. the LPS group.
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DiscussionNF-κB/p65 activation and nuclear translocation are observed in endothelial cells, macrophages, and vascular smooth muscle cells during vascular inflammation [37]. Jmjd3 is triggered by NF-κB signaling, acts as a co-activator of NF-κB, and epigenetically regulates inflammatory gene expression [18, 38]. Jmjd3 specifically catalyzes H3K27me3 demethylation to H3K27me2 and H3K27me, and H3K27me is associated with activation of 

 
Fig. 4. LaCl3 attenuated LPS-induced recruitment of NF-κB/p65 in the gene promoter regions of pro-in-flammatory cytokines and adhesion molecules in HUVECs. Endothelial cells were pretreated with 2.5 μM of LaCl3 for 30 min followed by treatment in fresh medium with 1 μg/ml of LPS for 2 h. Recruitment of NF-κB/p65 in the gene promoter regions of pro-inflammatory cytokines and adhesion molecules were determined by ChIP-qPCR. Data are shown as mean ± SEM from three independent experiments preformed in triplicate.  
*P < 0.05, **P < 0.01, ***P < 0.001 vs. the control group; #P < 0.05, ###P < 0.001 vs. the LPS group.

 

Fig. 5. LaCl3 attenuated LPS-induced expression and recruitment of Jmjd3 in the gene promoter regions of pro-inflammatory cytokines and adhesion molecules in HUVECs. Endothelial cells were pretreated with 2.5 μM of LaCl3 for 30 min followed by treatment in fresh medi-um with 1 μg/ml of LPS for 2 h. (A) Jmjd3 mRNA levels were detected by real-time RT-PCR. (B) Jmjd3 protein levels were detected by wes-tern blot. GAPDH was used as the inner control. (C) Jmjd3 in the gene promoter regions of pro-inflammatory cytokines and adhesion molecules was detected by ChIP-qPCR. Data are shown as mean ± SEM from three independent experiments preformed in triplicate. *P < 0.05, ***P < 0.001 vs. the control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. the LPS group.

http://dx.doi.org/10.1159%2F000479439


Cell Physiol Biochem 2017;42:1713-1724
DOI: 10.1159/000479439
Published online: July 25, 2017 1721

Chen et al.: LaCl
3
 Inhibited Inflammation in LPS-Induced HUVECs

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

gene transcription [39]. Based on our previous studies of the effects of lanthanum on NF-κB signaling in macrophages [26, 31] and the findings that exposure to metals affects the epigenome via histone modifying enzymes [40, 41], we postulated that Jmjd3 and NF-κB could be potential targets being affected by lanthanum ions in endothelium cells. In the present study, the results strongly suggest that LaCl3 significantly attenuates LPS-mediated induction of TNF-α, IL-1β, IL-6, ICAM-1, and MMP-9, and that this LaCl3-induced attenuation is mediated through blocking p65 translocation to the nucleus, as supported by previous studies from our group [26, 31]. Furthermore, Jmjd3 expression was induced by LPS treatment and the effect was significantly blocked by LaCl3. This LaCl3-induced attenuation was mediated through the blocking of the enrichment of NF-κB/p65 and Jmjd3 at the gene promoter regions of TNF-α, MMP-9, IL-1β, and IL-6. These findings suggest new insights in the role of lanthanum ions on the regulation of the NF-κB-Jmjd3 pathway.The effects of Jmjd3 on inflammatory gene expressions are reported to be independent of its H3K27me3 demethylase activity [42]. Although the LPS-induced decrease of H3K27me3 level was found in target gene (TNF-α, MMP-9, IL-6, and IL-1β) promoter regions of HUVECs treated with both LaCl3 and LPS, the abovementioned gene expression remains blocked in the present study. When considering the effects of LaCl3 alone on these genes individually, H3K27me3 level in the promoter regions of TNF-α and ICAM-1 were higher than in controls, while H3K27me3 was downregulated in MMP-9 and did not show any change in IL-1β and 
IL-6. These results suggest that in addition to H3K27me3 demethylase activity, lanthanum might alter other Jmjd3 functions. Additional studies are necessary to examine the effects of LaCl3 on the regulation of inflammatory cytokines and adhesion molecules. Indeed, only a small panel of factors was examined.Lanthanum has potential applications in medicine [22]. It is documented that treatment with La3+ enhances the capacity of the reactive oxygen species scavenging system [43], affects the Fe2+ and Fe3+ electron-transfer process in ferritin [44], and restrains the formation of hydroxyl radical, thereby alleviating the oxidative damage induced by PEG stress [44]. The activities of superoxide dismutase, catalase, ascorbate peroxidase, monodehydroascorbate reductase, dehydroascorbate reductase, glutathione reductase, and peroxidase were significantly increased after La3+ treatment [44, 45]. Fe2+ and α-ketoglutarate are required as cofactors of the demethylase family, which catalyzes the removal of methylation by a hydroxylation reaction and requires iron and α-ketoglutarate as cofactors [46]. Therefore, it could be hypothesized that the lanthanum ion could change the structure of demethylases, enhance their binding to histones, and suppress their activity. However, histone methylation and demethylation regulation mechanisms are far beyond the demethylase activity of Jmjd3 

 

Fig. 6. Effect of LaCl3 on LPS-induced increase in the level of H3K27me3 in the gene promoter regions of pro-inflammatory cytokines and adhesion molecules in HUVECs. Endothelial cells were pretreated with 2.5 μM of LaCl3 for 30 min followed by treatment in fresh medi-um with 1 μg/ml of LPS for 2 h. H3K27me3 in the gene promoter regions of pro-in-flammatory cytokines and adhesion molecules was de-tected by ChIP-qPCR. Data are shown as mean ± SEM from three independent experiments preformed in tri-plicate. **P < 0.01, ***P < 0.001 vs. the control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. the LPS group.
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alone, and further comprehensive studies are needed to grasp the exact effects of lanthanum on epigenetics.In conclusion, LaCl3 inhibited the activation of NF-κB and its downstream pro-inflammatory cytokines and adhesion molecules induced by LPS in HUVECs. These effects involved the histone demethylase Jmjd3 and demethylation of H3K27me3. These results suggest that lanthanum may have therapeutic benefits against atherosclerosis, diabetic complications, and other vascular inflammatory diseases, but additional studies are necessary.
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