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Abstract

:

Escherichia coli (E. coli) is one of the main causative agents of mastitis in dairy cows. Lycium barbarum polysaccharide (LBP) has a variety of physiological effects as it has antioxidants, it is hypoglycemic, it has anti-aging properties, it is neuroprotective, immune boosting, and it has anti-inflammatory effects in vivo and in vitro. In this study, we examined whether LBP affects the expression of pro-inflammatory factors, and the mitogen-activated protein kinase (MAPK) signaling pathway via activation of the suppressor of cytokine signaling-3 (SOCS3) in E. coli-induced primary bovine mammary epithelial cell (pbMEC) inflammatory responses. The experiment was designed with the control group (NC), cells were treated with E. coli for 6 h as the E. coli group (E. coli), and cells were pretreated with 100 μg/mL or 300 μg/mL of LBP for 24 h, followed by the addition of E. coli for 6 h as the E. coli + low level (E + LL) or E. coli + high level (E + HL) groups. The addition of LBP did not alter the cell viability of pbMEC in a dose-dependent assay. Pretreatment with LBP significantly decreased the expression of pro-inflammatory genes (IL1B, MAPK14, COX-2, iNOS) and proteins (COX-2, IL-1β, TNF-α) in the cells challenged by E. coli as compared with the control group (p < 0.05). E. coli stimulation significantly increased the production of reactive oxygen species (ROS) and malondialdehyde (MDA) in pbMEC, and decreased the antioxidants’ capacity with regard to decreased superoxide dismutase (SOD) and total antioxidant capacity (T-AOC); however, pretreatment with LBP reversed the oxidative stress and inhibition of antioxidants in cells challenged by E. coli. Moreover, LBP reversed the upregulated expression of the components of the MAPK pathway (increased phosphorylation level of p38, JNK, and ERK), followed by E. coli stimulation. Consistently, cells exposed to E. coli strengthened the staining of p38, whereas pretreatment of LBP weakened the staining of p38 in cells challenged by E. coli. Notably, the expression of SOCS3 was increased by LBP added to the cells in a dose-dependent manner. Additionally, the level of decreased expression of proinflammatory factors (IL-1β, TNF-α, and COX-2) was higher in the E + LL group than in the E + HL group. These results indicate that LBP pretreatment is effective in the alleviation of E. coli-induced inflammatory and oxidative responses in pbMEC through activation of SOCS3 and depression of MAPK signaling. As such, this might help us to develop molecular strategies for mitigating the detrimental effects of clinical bovine mastitis.
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1. Introduction


Bovine mastitis is one of the serious diseases that causes huge economic losses for dairy farming. This is mainly because the invasion of pathogenic microorganisms such as E. coli into mammary tissue leads to a storm of inflammation and tissue damage [1,2,3,4]. Studies have shown that E. coli-induced inflammation of the mammary gland has a large effect on cows’ milk production and milk quality [5]. At present, antibiotics are still one of the most effective in the treatment for bovine mastitis; however, the drug resistance of pathogens, as well as drug residues in dairy products, have been an issue for the dairy industry and public health. Hence, looking for alternatives such as natural substances to treat bovine mastitis is of great importance [6,7].



The primary bovine mammary epithelial cells (pbMEC) constitute an important line of defense against the invasion of pathogens [8,9]. Moreover, pbMEC tries to express a variety of pathogen patterns, identify receptors, and activate downstream signaling pathways to trigger the production of inflammatory cytokines [10,11]. Cytokines such as COX-2, IL6, and TNF-α have been reported to be induced by activating the nuclear factor kappa-B (NF-κB) and MAPK signaling pathways [12]. Thus, the suppression of inflammation is usually mediated by inhibiting the NF-κB and MAPK signaling pathways [13]. Nevertheless, SOCS family cytokine signal transduction inhibition is a negative regulatory protein that may reduce the overactivation of MAPK and NF-κB [14,15]. Furthermore, it has been revealed that SOCS1 and SOCS3 reduce the inflammatory responses in BV-2 microglia by inhibiting the activation of the TLR/NF-κB [16,17,18].



LBP is a major active ingredient and water-soluble polysaccharide extracted from Goji berries [19,20]. A study has shown the anti-inflammatory, antioxidant, and antiapoptotic properties of LBP [21]. Studies have also reported that it appears to protect human lens epithelial cells and mouse tissues from oxidative damage [22,23]. Recent studies with bovine hepatocytes have shown that LBP inhibits the activation of NF-κB to decrease chemokines [24]. Preliminary research in our laboratory has shown the anti-inflammatory potential of LBP. On the basis of available data, we hypothesized that LBP might be effective at protecting cells against inflammatory responses and oxidative stress induced by E. coli in pbMEC. Hence, the aim of this study was to investigate the protective effect of LBP against E. coli-induced inflammation responses and the oxidative stress of pbMEC through SOCS3 activation and MAPK suppression. The study may provide new insights into therapeutic strategies for combating clinical mastitis using LBP as diet supplement or medical agent and highlighted the link between SOCS3 and regulation of mammary inflammation.




2. Materials and Methods


2.1. Experimental Design


We optimized the concentration and time aspects of the treatment of E. coli or LBP, cells were cultured with E. coli (1 × 107/mL) for 6 h as positive control (E. coli); cells were pre-treated with (100 μg/mL) LBP for 24 h, then washed, followed by the addition of E. coli exposure for 6 h (E + LL group, E + LL). Similarly, for cells pretreated with (300 μg/mL) LBP for 24 h, followed by the addition of E. coli and exposure for 6 h (E + HL group, E + HL), an equal amount of PBS was added to the culture as the negative control (NC). The concentration screening of LBP and E. coli has been previously studied in this laboratory. Before adding LBP and E. coli (1 × 107/mL), cells were incubated using serum-free medium for 24 h.




2.2. Chemicals


LBP was purchased from Solarbio (P7850, Solarbio Life Sciences, Beijing, China) with a purity of > 50%, and E. coli was isolated and identified as a B1 type from the milk of clinical bovine mastitis.




2.3. Cell Culture Conditions


pbMEC were isolated and obtained by our laboratory from bovine mammary tissue of three lactating cows without signs of clinical disease. The pbMEC in good growth condition were inoculated in 6 well plates (2.5 × 105/well) using complete medium (90% RPMI 1640, (Gibco, Temecula, CA, USA), 10% fetal bovine serum (Thermo Fisher Scientific, Waltham, MA, USA), and antibiotics (penicillin 100 IU/mL; streptomycin 100 μg/mL). The medium was replaced with a fresh medium, free of antibiotics, during E. coli stimulation. Cells were incubated at conditions of 5% CO2 and 37 °C.




2.4. Cell Viability


Cell viability was measured using a cell counting kit-8 (CCK-8) (Vazyme, Nanjing, China). When the cell density was appropriate (1 × 106), different concentrations of LBP were added at 0, 25, 100, 300, 500, and 1000 μg/mL for 24 h, then 10 μL of CCK-8 solution was added for 2 h, and the absorbance was measured at 450 nm wavelength.




2.5. RNA Extraction and Quantitative RT-PCR


Total RNA from cells was extracted using RNA-easy Isolation Reagent (Vazyme, Nanjing, China). The extracted RNA was performed using a HiScript III 1st Strand cDNA Synthesis Kit (Vazyme, Nanjing, China) to reverse transcribe cDNA. qRT-PCR was performed using HiScript II One Step qRT-PCR SYBR Green Kit (Vazyme, Nanjing, China) on an Applied Biosystems 7300 Real-Time PCR System with Primer 5.0 to design primers for IL1B, MAPK14, COX2, iNOS, IL6, TNFA UXT, RPS9, and GAPDH, whose sequences are listed in Supplementary Table S1. The CT values were recorded by RT-PCR using AceQ® Probe Master Mix, and the results were analyzed using the 2−ΔΔCt method.




2.6. ROS Determination


The intracellular ROS levels were measured using a Reactive Oxygen Species Assay Kit (Beyotime Biotechnology, Nantong, China). The 2,7-Dichlorodihydrofluorescein diacetate (DCFH-DA) probe was diluted to 10 µM/L according to a ratio of 1:1000, cells were collected and suspended in the DCFH-DA solution, and incubated in the incubator at 37 °C for 20 min. The mixture was then centrifuged at 1000 rpm for 5 min. Subsequently, pellets were resuspended in PBS and measured at 488 nm excitation and 525 nm emission.




2.7. Antioxidant Enzyme Activity


The cells were collected to fully disrupt and release the antioxidants therein, centrifuged at 4 °C and 12,000× g for 5 min, and the supernatant was taken for subsequent determination. According to the manufacturer’s protocol (Shanghai Beyotime Biotechnology, Shanghai, China), MDA levels, T-AOC, and SOD were detected with biochemical kits (Shanghai Beyotime Biotechnology, Shanghai, China). For all kits, after adding the working solution, it was mixed well and centrifuged accordingly, as indicated in the instructions of the kits. Absorbance values were measured and used to calculate output by the formulas according to the protocols.




2.8. Immunofluorescence


Cell crawls were placed in 12 well plates and inoculated with (2 × 104) cells per well. The medium was discarded, washed in PBS, fixed in 4% paraformaldehyde for 15 min, washed 3 times in PBS, incubated in a 0.5% Triton X-100 permeation solution for 15 min at RT, closed in a 5% bovine serum albumin (BSA) blocking buffer for 1 h at room temperature, washed three times in PBS, and incubated with a primary antibody at 4 °C overnight. It was then washed three times with PBS, and incubated for 1 h in the dark at 37 °C using a goat anti-rabbit Cy3-labeled secondary antibody. Nuclei were stained with diamidino-phenyl-indole (DAPI) (1 μg/mL) (D8417, Sigma-Aldrich, St. Louis, MO, USA) for 5 min, washed three times in PBS, transferred to slides, and sealed with a fluorescent quencher. Images were then captured using Leica DMi8 fluorescent microscopy.




2.9. Western Blot


Cells in 6-well plates were placed on ice with radio immunoprecipitation assay (RIPA) lysate (Beyotime, Shanghai, China) for total protein extraction. Then, 10% SDS-PAGE gel was used to separate each target proteins. The blots were incubated for 2 h at RT with horseradish peroxidase coupled (HRP) secondary antibodies, followed by the incubation of primary antibodies overnight at 4 °C, which were then washed 3 times with 1 × TBS + Triton mixed solution (TBST). Differences in protein transfer efficiency between blots were normalized with a Histone-H3 quantification. The gray values of the bands of each target protein were quantified using ImageJ system analysis software (National Institutes of Health, Bethesda, MD, USA). Primary antibodies (p65, p-p65, MAPK, p-MAPK, ERK, p-ERK, JNK, p-JNK, Socs3, IL-1β, TNF-α, Histone-H3) raised from rabbit were purchased from Cell Signaling Technology (Danvers, MA, USA; #8242, #3033, #8690, #4631, #4695, #4370, #9252, #4671, #52,113, #12,703, #6945, #4499), and were diluted 1:1000 for incubation.




2.10. Statistics


Data are expressed as the mean ± standard error of the means (mean ± SEM). All data were analyzed using one-way ANOVA with Dunnett’s post-test by SPSS Statistics for Win (IBM Inc., New York, NY, USA). Differences with p values < 0.05 were considered statistically significant. Experiments were performed in triplicate.





3. Results


3.1. The Effect of Cell Viability of LBP on pbMEC


pbMEC were treated with different concentrations of LBP at 0, 25, 100, 300, 500, and 1000 μg/mL for 24 h. The effect of different doses of LBP on pbMEC viability was measured by CCK-8. Compared with the control group (0 μg/mL), cell viability was not affected by pretreatment with LBP from 25 to 1000 μg/mL. As the concentration of LBP increased, it did not cause cell apoptosis (p > 0.05, Figure 1).




3.2. The Effect of LBP on the Antioxidant Capacity of pbMEC


The results showed that E. coli treatment upregulated the content of ROS and MDA, whereas LBP reversed the upregulation of ROS and MDA in a dose-dependent manner. Moreover, LBP pretreatment at 100 μg/mL did not reduce the level of MDA as compared with the E. coli group. We found E. coli treatment decreased the activity of SOD and T-AOC. As a result, the decreased T-AOC level was reversed in a similar manner to that in cells pretreated with LBP, and the effect of LBP treatment is dose dependent (p = 0.0002, p = 0.005, p = 0.128; Figure 2C). Compared with the E. coli group, 100 μg/mL of LBP altered the SOD level, whereas 300 μg/mL of LBP significantly increased the SOD activity (p = 0.007, p = 0.0001; Figure 2D).




3.3. Effect of LBP on the Expression of Genes Related to Inflammatory Responses in E. coli Stimulated pbMEC


In this study, LBP pretreatment attenuated E. coli-induced proinflammatory cytokine gene expression in pbMEC. The LBP-induced alteration of COX2, IL1B, IL6, TNFA, and iNOS gene expression in pbMEC stimulated by E. coli was examined by RT-PCR. Compared with the control group, E. coli treatment upregulated the mRNA abundance of COX2, IL1B, IL6, TNFA, and iNOS. pbMEC were treated with different doses of LBP at 100 μg/mL or 300 μg/mL, and markedly downregulated the proinflammatory genes that were induced by E. coli challenge. Moreover, the inhibitory effect of LBP on inflammatory gene expression was more effective for cells pretreated with the increased doses of LBP, as a result of a lower expression of proinflammatory genes in E + HH than those in the E + LL group. Similarly, E. coli treatment upregulated the mRNA abundance of MAPK14, whereas pretreatment with different doses of LBP at 100 μg/mL or 300 μg/mL, markedly attenuated the elevation of MAPK14 induced by E. coli (p = 0.007, p = 0.002, p = 0.018; Figure 3D).




3.4. Pretreatment with LBP Activated SOCS3 in pbMEC Challenged with E. coli


E. coli significantly decreased the protein expression of SOCS3, whereas pretreatment with LBP in the E + LL and E + HH groups restored the inhibited expression of SOCS3 (p < 0.05; Figure 4A,B). Moreover, LBP pretreatment at 100 and 300 μg/mL raised the abundance of SOCS3 to approximately twofold that of the control group. Consistently, gene expression of SOCS3 was also affected by pretreatment of LBP, as a result of the reversed expression of SOCS3 that was downregulated by E. coli stimulation (p = 0.011; Figure 4C). Additionally, results in the immunofluorescence assay agreed with the protein expression generated by Western blot. The weakened staining of SOCS3 in the E. coli group was restored by the pretreatment of LBP in the E + LL and E + HH groups (Figure 4D).




3.5. Effect of LBP on the MAPK Pathway-Related Protein Expression of pbMEC under Different Treatments


MAPK is a classic signaling pathway in charge of inflammatory responses. We investigated the components of the MAPK signaling by Western blot and immunofluorescence. When compared with the control group, E. coli treatment elevated the proportion of p-p38, p-JNK, and p-ERK to total p38, JNK, and ERK protein (p = 0.005, p = 0.002, p = 0.012, respectively; Figure 5B). Compared with the E. coli-treated group, 100 μg/mL LBP treatment did not reduce the ratio of p-p38 to p38 (p = 0.062). Instead, 100 μg/mL LBP treatment significantly reduced the ratio of p-JNK to JNK and p-ERK to ERK (p = 0.032, p = 0.046, respectively; Figure 5B). In contrast, as the pretreatment of LBP with a concentration of 300 μg/mL, the ratio of p-p38 to p38, p-JNK to JNK, and p-ERK to ERK decreased significantly in cells treated with E. coli (p < 0.05; Figure 5A,B). Consistently, immunofluorescence staining results revealed that cells exposed to E. coli strengthened the staining of p38, whereas LBP pretreatment attenuated the staining of p38 in nuclei. Notably, the expression of phosphorylated p38 was decreased in a dose-dependent manner of LBP added to the cells, indicating that the effect of LBP at a concentration of 300 μg/mL is better than that of 100 μg/mL (Figure 5C).




3.6. LBP Pretreatment Inhibits E. coli-Induced Activation of Inflammatory Genes


We investigated the effect of pretreated LBP on pro-inflammatory factors by using Western blot. Compared with the control group, the E. coli challenge increased the protein abundance of COX-2, IL-1β, and TNF-α, and 100 μg/mL, and LBP pretreatment did not reduce the protein expression of COX-2 or IL-1β (p = 0.287, p = 0.094, respectively; Figure 6A,B); however, 300 μg/mL of LBP supplemented to cells significantly inhibited the expression of COX-2 and IL-1β. Furthermore, the abundance of TNF-α was partially inhibited by LBP pretreatment in a dose-dependent manner followed by E. coli stimulation (p < 0.05; Figure 6A,B).





4. Discussion


Bovine mastitis is a common infectious disease caused mainly by microbial infections. E. coli is one of the most common pathogens, mainly causing subclinical mastitis [25]. Several studies agree with the upregulation of TNFA, IL6, and IL1B mRNA abundance in the mammary gland during coliform mastitis, when cows are in the transition period [26,27]. It is well known that antibiotics are currently the main treatment for mastitis, as traditional antibiotics develop resistance during treatment [6]. Hence, research on developing novel and effective antibacterial drugs might be an alternative strategy for the treatment of mastitis. LBP has been widely used for defending oxidative stress and alleviating inflammation [23,28]. In this study, we investigated the anti-inflammatory effects and mechanism of LBP on E. coli-stimulated pbMEC inflammatory responses via activation of SOCS3 and inactivation of MAPK pathway.



4.1. LBP Attenuates the E. coli-Induced Inflammatory and Oxidative Responses in pbMEC


Since LBP did not reveal a cytotoxic effect on pbMEC at doses ranging from 0 to 1000 μg/mL, we selected the concentration of LBP at either 100 or 300 μg/mL in the formal experiment according to reported studies [29]. LBP has been shown to reduce the expression of TNFA, IL6, and IL1B in E. coli-induced mouse macrophages [30]. In a mouse model of steatohepatitis, LBP treatment affects the secretion of NF-κB-mediated inflammatory cytokines and inflammasome, such as NLRP3/6 [31]. LPS comprises endotoxins of Gram-negative bacteria that envelop E. coli; thus, it is widely used to establish a cellular inflammation model for microbial infections in vitro [32]. In this study, treatment with LPS increases the gene expression of TNFA, IL6, and IL1B in pbMEC, whereas LBP pretreatment reversed the elevated pro-inflammatory gene expression. Additionally, LPS is a typical potent stimulus of the immune response, which leads to an increase in the expression of iNOS and COX2 in macrophages [33,34]. Notably, in the current study, LBP pretreatment lowered the upregulation of iNOS and COX2 gene expression in pbMEC induced by E. coli. This result indicates that LBP suppresses the E. coli-induced expression of proinflammatory gene expression and supports the protection of inflammation cascades.



ROS is a byproduct of the physiological metabolism of mitochondria which can participate in the transduction of signaling pathways, tissue damage, and related physiological processes [35]. When ROS are produced in large quantities, it may cause oxidative stress in cells and lead to autophagy or apoptosis [36]. LBP is a well-known powerful antioxidant; the study has found that increasing doses of LBP can improve the SOD activity of mouse blood serum, liver, and brain tissues, while reducing the content of MDA [37]. It has also recently been demonstrated that LBP can reduce oxidative stress in HepG2 cells [38]; therefore, we determined whether the antioxidant capacity of LBP is related to the elimination of ROS in the cellular environment by detecting the activity of antioxidant enzymes. SOD is a specific enzyme that can scavenge free radicals in the biological antioxidant system [39]. The current study showed that cells treated with E. coli produced a large amount of ROS, whereas LBP pretreatment significantly attenuated MDA content and restored oxidative capacity by increasing SOD activity and T-AOC in pbMEC. The results are indicative of the role of LBP in reducing the oxidative responses induced by E. coli and stabilizing the homeostasis of cells with regard to the defense of oxidative damage. Although LBP affects the immune and oxidative response in vitro, the limitations of the current study regarding the reflection of the real situation in the infected udder using LBP, could be a potential therapy until more robust tests are made.




4.2. LBP Inhibits Inflammatory and Oxidative Responses in pbMEC through SOCS3 and MAPK Molecules


SOCS3 is a protein that negatively regulates the cytokine signal transduction pathway [40]. Recent studies have shown that SOCS3 can be modulated by a variety of inflammatory stimuli, and that it blocks the signal interactions of immune molecules. For example, the MAPK signaling pathway plays a key role in the bacteria-induced gene expression of SOCS3 in primary human macrophages [41]. Interestingly, the study found that SOCS3 interference blocked the upregulation of TNFA and IL1B in the LPS-induced 3T3-L1 adipocyte inflammation model [42]; however, the role of SOCS3 in the regulation of inflammatory responses in bovine mastitis is still unclear. In this study, we found that pretreatment with LBP reversed the decrease in SOCS3 mRNA and protein expression induced by E. coli challenge; hence, this result indicates the involvement of SOCS3 in E. coli-stimulated pbMEC and its potential role in the modulation of inflammation by LBP.



It is well known that the NF-κB and MAPK signaling pathways play a crucial role in the innate immune response [43]. We have reported in a previous study that LBP inhibits LPS-induced NF-κB activation in pbMEC; however, the MAPK signaling pathway may act as an indispensable regulator to further study the potential mechanism of LBP that inhibits E. coli-induced inflammation in pbMEC. In mammalian cells, three MAPK families have been clearly characterized: extracellular signal-regulated kinase (ERK), C-Jun N-terminal kinase (JNK), and p38 kinase [44,45]. The current study shows that LBP reverses the activation of inflammatory factors through its suppression of MAPK signaling pathways. The activation of p38, ERK, and JNK was also restrained in a dose-dependent fashion by LBP. The immunofluorescence results emphasized that the activation of the p38 protein by E. coli stimulation is inhibited by pretreatment with LBP. Several studies have confirmed that the activation of the MAPK signaling pathway results in the phosphorylation of transcription regulators, which indirectly or directly modulates the secretion of cytokines such as TNF-α and IL-1β [46,47]. The fact that pretreatment of LBP suppressed the abundance of COX-2, IL-1β, and TNF-α protein in pbMEC stimulated by E. coli, is in line with the inhibitory effects of LBP on MAPK signaling.



Overall, our results indicated that LBP suppressed the expression of proinflammatory cytokines by preventing MAPK activation in E. coli-stimulated pbMEC, showing that the anti-inflammatory mechanism of LBP might be associated with SOCS3-mediated suppressing in MAPK signaling pathways. The results highlight the potential role of LBP as a therapeutic extract in combating clinical bovine mastitis.
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Figure 1. Determination of cell viability in different doses of LBP via CCK-8 assay. Effects of LBP on pbMEC viability. pbMEC were treated with different concentrations of LBP at 0, 25, 100, 300, 500, and 1000 μg/mL for 24 h. Determination of cell viability in different doses of LBP via Cell Counting Kit-8 assay. Results are presented as means ± SEM. Superscripts represent that the difference between groups was significant according to statistical analysis (p < 0.05). 
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Figure 2. The effect of LBP on the antioxidant capacity of pbMEC. Different concentrations of LBP at 100 μg/mL or 300 μg/mL were added to pbMEC, followed by a challenge with 1 × 107/mL E. coli for an additional 6 h. (A) Determination of ROS content in pbMEC. (B) Detection of MDA content in pbMEC. (C) Detection of T-AOC content in pbMEC. (D) Detection of SOD content in pbMEC. Results are presented as means ± SEM. Letters in superscripts represent that the difference between groups was significant according to statistical analysis (p < 0.05). 
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Figure 3. The effect of LBP on mRNA expression related to inflammatory responses. The inflammation injury of pbMEC challenged by E. coli. pbMEC were treated with different doses of LBP at 100 μg/mL or 300 μg/mL), followed by a challenge with 1 × 107/mL E. coli for an additional 6 h. (A) mRNA quantitative expression of COX2. (B) mRNA quantitative expression of IL6. (C) mRNA quantitative expression of iNOS. (D) mRNA quantitative expression of MAPK14. (E) mRNA quantitative expression of IL1B. (F) mRNA quantitative expression of TNFA. The biological replicates for PCR running were triplicate, along with three unique experiments. Results are presented as means ± SEM. Superscripts represent that the difference between groups was significant according to statistical analysis (p < 0.05). 
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Figure 4. Effects of LBP on SOCS3 protein expression. pbMEC were treated with different doses of LBP at 100 μg/mL or 300 μg/mL followed by a challenge with 1 × 107/mL E. coli for an additional 6 h. (A) Western blot analyses of SOCS3. (B) Relative protein abundance of SOCS3 to Histone H3. (C) Relative mRNA expression level of SOCS3. (D) Fluorescence for detecting SOCS3 abundance. Antibodies against SOCS3 (Cy3 labeled secondary antibody, red) and counterstained with DAPI (blue) were conducted for target protein and nuclear staining respectively. The biological replicates for PCR running were triplicate, along with triple unique experiments. Results are presented as means ± SEM. Superscripts represent that the difference between groups was significant according to statistical analysis (p < 0.05). 
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Figure 5. Expression of proteins related to MAPK signaling. Different doses of LBP at 100 μg/mL or 300 μg/mLwere added to pbMEC, followed by a challenge with 1 × 107/mL E. coli for an additional 6 h. (A) Western blots of the components of MAPK signaling. (B) The ratio of p-p38, p-JNK and p-ERK to total p38, JNK and ERK abundance. (C) Fluorescence detection for SOCS3 (Cy3 labeled, red) was performed, and the nucleus was stained with dye DAPI (blue). Results are expressed as means ± SEM. Results are presented as means ± SEM. Superscripts represent that the difference between groups was significant according to statistical analysis (p < 0.05). 
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Figure 6. Effects of LBP on inflammatory factor protein expression. pbMEC were treated with different doses of LBP at 100 μg/mL or 300 μg/mL, followed by a challenge with 1 × 107/mL E. coli for an additional 6 h. (A) Western blots of COX-2, IL-1β, and TNF-α. (B) Relative protein abundance of COX-2, IL-1β, and TNF-α to Histone H3. Results are expressed as means ± SEM. Results are presented as means ± SEM. Superscripts represent that the difference between groups was significant according to statistical analysis (p < 0.05). 
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