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Abstract. 
Purpose. To evaluate the effect of a traditional Chinese medicine, Rheum Polysaccharide (RP), on the in vitro production of tumor necrosis factor alpha (TNF-α) and interleukin-10 (IL-10) by lipopolysaccharide- (LPS-)stimulated human monocytes from HLA-B27 associated acute anterior uveitis patients of convalescence stage. Method. PBMC samples were isolated from 10 HLA-B27 associated acute anterior uveitis, incubated, respectively, and divided into 4 groups as follows: (1) controls, PBS was added in final concentration of 1 mg·L−1, (2) stimulated by LPS, LPS was added in final concentration of 1 mg·L−1, (3) stimulated by LPS + HTA125, 30 minutes before the adding of LPS in final concentration of 1 mg·L−1, the final concentration of 5 mg·L−1 of the HTA125 was added, and (4) stimulated by LPS + RP, 30 minutes before the adding of LPS in final concentration 1 mg·L−1, the final concentration 100 mg·L−1 of the RP was added. Supernatants were used to quantify the amounts of TNF-α and IL-10 released in time course using enzyme-linked immunosorbent assay (ELISA). Result. After stimulated by lps, the concentrations of TNF-α and IL-10 in culture supernatants of patients are significantly higher than control group at all time points (
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). Blockage of TLR-4 by HTA125 can decrease the production of TNF-α and IL-10 compared with lps group (
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, except at 4 h group of IL-10). Concentration of TNF-α and IL-10 also decreases in the LPS + RP group (
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) but not so significantly as in the LPS + HTA125 group. Conclusion. As anti-TLR4 monoclonal antibodies, rheum Polysaccharide can also inhibit the secretion of cytokines produced by monocytes from HLA-B27 positive AAU patients of convalescence stage.
 

1. Introduction
In recent years, a large number of studies have shown that Rheum polysaccharide is the major immune active substance in a plenty of traditional Chinese medicine, which can be immune promoters and regulators. Rheum is Chinese traditional and commonly used herbs and has a long history of medicinal application. Rheum polysaccharide has been demonstrated to be resistant to CD4 T cells expansion and modulates Th1 and Th2 cytokines production [1, 2]. HLA-B27 associated acute anterior uveitis (AAU) is the most common form of uveitis, accounting for 18%–32% of all cases. We have previously reported that LPS-Toll like receptor 4 (TLR4) signal transduction was potentially associated with the pathogenesis of EIU [3]. 
TLRs are pattern recognition receptors (PRR) that recognize “signature patterns” of microbes, called pathogen-associated molecular patterns (PAMPs). PAMPs are highly conserved molecules shared by many microorganisms of a particular class, such as LPS in gram-negative bacteria which can respond to TLR4. TLR4 is absolutely essential for inflammatory responses to LPS. In the animal model for AAU, the C3H/HeN strain of mice, which are highly sensitive to develop EIU, has normal functional TLR4, while the congenic C3H/HeJ strain with nonfunctional TLR4 does not develop EIU [4]. 
In the present study, we evaluated the protective effect of RP and compared it with anti-TLR4 monoclonal antibodies (HTA125) on monocytes stimulated by LPS in HLA-B27 associate AAU. We investigated the role of RP in inflammation and immune response by measuring the time course of changes in concentrations of cytokine secretion (TNF-α and IL-10) by monocytes isolated from HLA-B27 associated AAU. 
2. Materials and Methods
2.1. Study Population
Patients with HLA-B27 associate AAU were recruited from the Eye Clinic of Beijing Chao-Yang Hospital, from June 2011 to September 2011, referring the International Uveitis Study Group standard for diagnosis and classification [5]. Ten subjects who fulfilled the following inclusion/exclusion criteria were invited to participate in the study. All eligible subjects have written informed consent, and the ethics committee of Capital Medical University has approved this clinical research protocol. The patients aged 24–42 yrs, with an average of 33 yrs. All the patients were given topical corticosteroid, NSAIDS, and mydriatic treatment after diagnosis: 10 g·L−1 fluorometholone, qid—6 times a day, diclofenac sodium eye solution, qid, and tropicamide, bid. One month later, the patients recovered, and all the symptoms and signs disappeared.
2.2. Experimental Reagents
The reagents used are lipopolysaccharide (V. cholera, classical biotype, serotype Ogawa Lanzhou, China). Rheum polysaccharide (from Lanzhou University Pharmacology Lab, purity 90%). Ficoll-Hypaque solution (HAO YANG biological manufacture, Tianjin, China). RPMI medium-1640 and PBS (Gibco, NY, USA). HTA125 (Abcam UK). TNF-α, IL-10 ELISA kits (Quantikine; RD Systems, Abingdon, UK).
2.3. Monocytes Isolation
About 20 mL of venous blood was collected from each subject by venipuncture into heparinized tubes and immediately processed. The blood was diluted 1 : 1 in saline solution and layered over Ficoll-Hypaque solution for separation of mononuclear cells. Recovered peripheral blood mononuclear cells (PBMC) were washed three times with D-PBS and resuspended in RPMI medium-1640 (Gibco, NY, USA) with heat inactivated 10% fetal bovine serum, L-glutamine (2 mM), penicillin (100 U/mL), and streptomycin (1%) and adjusted to a concentration of 1 × 106 cells/mL using a hemocytometer. Cell viability was ≥95% which checked with trypan blue staining under the microscope. Aliquots of each cell suspension were then plated into chambers of 24-well culture dishes. The plates were maintained in a humidified incubator with 5% CO2 at 37°C for 4 h to allow the monocytes to adhere to the plates. Nonadherent cells were removed by washing with Hank’s balanced salt solution (HBSS). 
2.4. Experimental Design
Monocyte samples were isolated from 10 HLA-B27 associated AAU, divided into 4 groups as follows: (1) controls, PBS was added in final concentration of 1 mg·L−1, (2) stimulated by LPS (V. cholera, classical biotype, serotype Ogawa), LPS was added in final concentration of 1 mg·L−1, (3) stimulated by LPS + HTA125 (Abcam UK), 30 minutes before the adding of LPS in final concentration 1 mg·L−1, the final concentration 5 mg·L−1 of the HTA125 was added, and (4) stimulated by LPS + RP, 30 minutes before the adding of LPS in final concentration 1 mg·L−1, the final concentration 200 mg·L−1 of the RP was added. Samples of culture medium were harvested at different times (4 h, 8 h, 12 h and 24 h) after stimulation by LPS.
2.5. Sample Storage and Outcome Measures
Cell culture supernatants were harvested and stored in microtubes at −80°C, and TNF-α, IL-10 assays were performed on freshly thawed samples, with a standard quantifiable sandwich enzyme immunoassay technique. ELISAs were performed according to the manufacturer’s protocol. The measurements were performed using an automated enzyme-linked immunosorbent assay reader (Wellscan MK3, Finland) at an optic absorbance value of 450 nm.
2.6. Statistical Analyses
The means (±standard deviations) of the data obtained were calculated. The statistical analysis was carried out using the Statistical Package for Social Sciences version 13 (SPSS Inc, Chicago, IL). Analysis of variance was carried out for multiple comparisons using the paired samples 
	
		
			

				𝑡
			

		
	
-test. A 
	
		
			

				𝑃
			

		
	
 value <0.05 was accepted as being statistically significant.
3. Result 
The concentrations (pg/mL) of TNF-α and IL-10 in the supernatants of the stimulated monocytes are shown in Figures 1(a) and 1(b). The ability of HTA-125 or RP to inhibit the production of inflammatory cytokines was tested in LPS stimulated monocytes.


	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
		
	
		
	
		
	
		


	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
			
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	

(a) TNF-α levels of monocytes in each group at different time points 


	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
	
		
	
		
	
	
	
	
	
	
		
	
		


	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
				
			
		
	
	
		
	
		
	
		
	
		
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
				
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
				
				
				
				
				
			
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
	

(b) IL-10 levels of monocytes in each group at different time points 
Figure 1: TNF-α (a) and IL-10 (b) levels in a time-dependent manner. Peripheral blood monocytes (1 × 106 cells/mL) were pretreated for indicated time with 5 mg·L−1 HTA-125 or 100 mg·L-1 RP and then incubated with 1 mg·L−1 LPS for another 24 h. Cell-free supernatants were collected. The relative concentrations of TNF-α and IL-10 in the supernatants were determined by quantitative ELISA assay. Cytokine levels were expressed as mean ± SD in pg/mL. Paired samples 
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 compared with LPS of IL-10.


After stimulation by LPS, the concentrations of TNF-α (reaching 3115.84 pg/mL within 8 hours) and IL-10 (reaching 905.73 pg/mL within 24 hours) in culture supernatants of monocytes are significantly higher than control group (the concentrations of TNF-α reaching 1929.76 pg/mL within 8 hours and IL-10 reaching 435.98 pg/mL within 24 hours) at all-time points (
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). Blockage of TLR-4 by HTA125 can decrease the production of TNF-α (reaching 1738.01 pg/mL within 8 hours) and IL-10 (reaching 249.39 pg/mL within 24 hours) compared with lps group (
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, except at 4 h group of IL-10). Concentrations of TNF-α (reaching 2117.30 pg/mL within 8 hours) and IL-10 (reaching 702.43 pg/mL within 24 hours) also decrease in the LPS + RP group (
	
		
			
				𝑃
				<
				0
				.
				0
				1
			

		
	
) but not so significantly as in the LPS + HTA125 group. In all groups, the concentration of TNF-α reaches the peak within 8 hours after the start of incubation and then tends to decrease. Release of IL-10 starts to increase after the start of incubation and reaches the maximum within 24 hours.
4. Discussion 
HLA-B27-associated acute anterior uveitis can cause visual impairment and blindness with a high incidence of recurrence and a mean duration of each episode of 4–6 weeks. DEX is one of the most widely used drugs for treatment of AAU in clinic; however, severe systemic and ocular side effects limit its use, particularly for long term therapy [6]. Preclinical and clinical studies have demonstrated that Rheum polysaccharides exhibited numerous beneficial therapeutic properties, including immunostimulation, antiinfection, antitumor, and other therapeutic aspects [7–9]. In this paper, we evaluated the protective effect of RP, a kind of polysaccharide extracted from Rheum, on monocytes from HLA-B27 associated AAU patients induced by LPS, and compared its efficacy with HTA125.
TLR4 expression has been demonstrated in macrophages, peripheral blood monocytes, dendritic cells (DCs), and various tissues [10, 11]. Among the earliest phagocytes to respond to infection are tissue macrophages, which originate as monocytes in the peripheral blood [12]. The activation of TLR4 + macrophages by LPS induces various proinflammatory cytokines, chemokines, and antimicrobial activities. Therefore, macrophages play a key role in the pathogenesis of EIU, as these innate immune cells are expected to be able to respond rapidly to LPS from Gram-negative bacteria [13]. In our previous research, We discovered that the concentration of TNF-α and IL-10 excreted by PBMCs from HLA-B27 positive patients was higher than normal controls, and cytokine levels from HLA-b27 patients’ had significantly higher rises than normal people after LPS stimulation. So, in this study, we choose monocytes from HLA-B27 positive AAU patients peripheral blood and HTA125—TLR4 blocker to investigate the effect of RP. 
The ability of macrophage to secrete cytokine is critical to amplify and orientate the immune response. We assessed the secretion of TNF-α and IL-10 by macrophages. Tumor necrosis factor-α is a cytokine involved in systemic inflammation and is a member of a group of cytokines that stimulate the acute phase reaction. It is produced chiefly by activated macrophages and can regulate other immune cells. Pérez-Guijo et al. [14] and Santos Lacomba et al. [15] observed the increased level of TNF-α in the serum and aqueous humor of AAU patients and the elevated level in the serum of patients with recurrence. Interleukin 10 (IL-10) is an anti-inflammatory cytokine that is primarily produced by monocytes. Muzio et al. [16] found that IL-l0 can downregulate the expression of TLR4 in LPS-mediated signaling pathway. Calder et al. [17] observed the decrease of IL-10 concentration in aqueous humor of uveitis patients. In this experiment, the cells were incubated with LPS and RP, HTA-125 alone and in combination, and the concentration of TNF-α reaches the peak within 8 hours after the start of incubation after stimulated by LPS. Release of IL-10 starts to increase after the start of incubation and reaches the maximum within 24 hours. Blockage of TLR-4 by HTA125 can decrease the production of TNF-α and IL-10 compared with lps group. RP also significantly decreased TNF-α and IL-10 secretion by monocytes but less effectively than HTA-125.
In our study, RP exhibited protective effect in reducing LPS-induced inflammatory reaction but not so remarkable as HTA125. The possible mechanism may be different blockage of signalling pathways of HTA 125 and RP. HTA125 is the specific monoclonal antibody of TLR-4. RP contains 49% mannose which could potentially bind to MR. Polysaccharides with multiple repeats may engage multiple ligands, resulting in a super cross-linking of the receptors and blocking or engulfing the endocytosis process [18]. RP may affect the secretion of cytokine through targeting MR and MR-mediated ligand binding and endocytosis of macrophages. Study by Liu et al. [1] has demonstrated that LAM(a natural ligand of MR and strong agonist) or RP alone significantly increased the secretion of IFN-γ by macrophages in vitro and LAM was more potent than RP. Interestingly, the elevation of secretion of IFN-γ was diminished when LAM and RP were incubated together with macrophages, suggesting that RP may have the similar characteristic of partial agonist.
5. Conclusion
RP can inhibit the secretion of cytokines produced by monocytes stimulated with LPS. But the mechanism is more complex than HTA125. RP could be a potential novel therapeutic agent for treatment of patients with HLA-B27 associated AAU. However, this concept needs to be verified in vivo and clinically. 
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