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          Abstract


          
            Background


            Rituximab, the monoclonal antibody against B lymphocyte protein CD20, is a major asset for treatment of diseases in which B CD20 cells are the foremost etiologic culprit. Based on observations that rituximab is capable to modulate immune responses the question if the drug may affect the capacity of human peripheral blood mononuclear cells (PBMC) for cytokine production was posed.


            Methods


            PBMC were incubated without or with various concentrations of rituximab and the production of TNFα, IL-1β, IL-6, IFNγ, IL-2, IL-1ra and IL-10 was examined using the ELISA method.


            Results


            While rituximab did not impel non-stimulated PBMC to produce any of the cytokines examined, cells stimulated with PMA/ionomycin expressed a concentration-dependent inhibition of the pro-inflammatory cytokines IL-2 and IFNγ. Following LPS stimulation the secretion of TNFα was slightly increased. Notably, the production of the anti-inflammatory cytokine IL-10 was restrained, but at lesser extend in comparison to the effect of rituximab on the pro-inflammatory cytokine secretion.


            Conclusions


            The results indicate that rituximab in addition to its efficacy as an antibody against CD20 receptor expressing cells, 'exerts immunomodulatory activity by targeting their capacity for inflammatory cytokine production.
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        Introduction


        The discovery of rituximab, a monoclonal antibody against B lymphocyte membrane protein CD20, contributed greatly to the treatment of B-cell non-Hodgkin's lymphoma and certain autoimmune diseases such as rheumatoid arthritis, myasthenia gravis, primary immune thrombocytopenia and multiple sclerosis [1-4]. Considering the fact that CD20 is expressed on more than 90% of B non-Hodgkin's lymphoma cells, it is explicable why the combination of rituximab with CHOP, (the classical chemotherapeutic combination of cyclophosphamide, doxorubicin, vincristine and prednisone), possesses greater therapeutic advantage than CHOP alone [5,6]. In a series of 400 elderly patients with diffuse large B-cell lymphoma, those treated with rituximab + CHOP (R-CHOP) showed an increased release of TNFα and B-cell lysis compared with those treated with CHOP alone [7]. The main activity of rituximab is expressed by inducing antibody- and complement related cytotoxicity, inhibition of cell proliferation and promotion of apoptosis and phagocytosis [8-10]. The effect of rituximab on the immune cells and its role in M1/M2 polarization in macrophages from healthy and sick individuals have been previously detailed [1,11]. It has been reported that rituximab endorses polarization of pro-inflammatory M1 monocytes to the anti-inflammatory M2 ones leading to a decreased production of pro-inflammatory cytokines, increased generation of the anti-inflammatory IL-10 and waning of inflammation [12]. The modulation of macrophage functions by rituximab explains its beneficial effect in patients with rheumatoid arthritis resistant to conventional therapy [12,13]. It is noteworthy that rituximab amplifies the activity of monocytes stimulated with macrophage colony-stimulating factor with a significantly increase in their cytotoxicity [14] directing to an upgraded therapeutic outcome of diseases in which monocytes are the main cohort against B-cells. It is conceivable that rituximab affects CD20 cells by a number of mechanisms including increased cellular senescence and increase of oxygen species [15]. In the present work we sought to investigate the effect of rituximab on the capacity for cytokine production by human peripheral blood mononuclear cells (PBMC).


        Materials and Methods


        Cell preparation


        The study was approved by the Ethics Committee of the Rabin Medical Center. Blood bank donors gave written informed consent affirming that components of their blood, not suitable for therapeutic purposes, could be used for medical research. Peripheral blood mononuclear cells (PBMC) were separated from venous blood by Lymphoprep-1077 (Axis-Shield PoC AS, Oslo, Norway) gradient centrifugation. The cells were washed twice in phosphate buffered saline (PBS) and suspended in newborn bovine serum (Biological Industries, Beith Haemek, Israel) containing 10% DMSO (Sigma, Israel). The cell suspension was aliquoted and stored at -70 ℃ until used. On the day of the assay the cells were quickly thawed and suspended in RPMI-1640 medium (Biological Industries, Beith Haemek, Israel) containing 1% penicillin, streptomycin nystatin and 10% fetal bovine serum (FBS), and designated as complete medium (CM).


        Rituximab preparation


        Rituximab (MabThera, Hoffmann-La Roche Ltd. Bazel, Switzerland) was dissolved in 0.9% saline at 10 mg/ml. Further dilutions were made in saline. Rituximab was added at the onset of cell cultures at final concentrations of 125 µg/ml, 250 µg/ml, and 500 µg/ml at a volume of 10 µl/ml, amounts extrapolated from those gained by clinical experience [5]. Control cultures contained 10 µl/ml of saline.


        Effect of rituximab on cell proliferation


        The effect of rituximabon PBMC proliferation was determined using XTT proliferation assay kit (Biological Industries, Beith Haemek, Israel). In short, 0.1 ml aliquots of PBMC suspended at 105/ml in CM were seeded at each one of 96 well plates and incubated for 24 hrs in the absence or presence of rituximab added at the onset of cultures at concentrations as indicated. At the end of the incubation period the cells were stained according to the manufacturer's instructions. The plates were incubated for 3 hrs at 37 ℃ in a humidified incubator containing 5% CO2 and the absorbance was measured at 450 nm using ELISA reader.


        Effect of rituximabon cytokine production


        1.0 ml of PBMC (2 × 106/ml suspended in CM) was incubated without or with LPS (50 ng/ml) for TNFα, IL-1β, IL-6, IL-10 and IL-1ra production or with PMA 1 µg/ml and ionomycin 0.5 µg/ml for IL-2 and IFNγ secretion. The cultures were maintained for 24 hrs at 37 ℃ in a humidified atmosphere containing 5% CO2. At the end of the incubation period the cells were removed by centrifugation at 250 g for 10 min., the supernatants were collected and kept at -70 ℃ until assayed for cytokine content.


        Cytokine content in the supernatants


        The concentration of TNFα, IL-1β, IL-6, IFNγ, IL-10, IL-1ra and IL-2 in the supernatants was tested using ELISA kits specific for these cytokines (Biosource International, Camarillo, CA) as detailed in the guide-line provided by the manufacturer. The detection levels of these kits were 15 pg/ml for IL-6 and 30 pg/ml for the remaining ones.


        Statistics


        A linear mixed model with repeated measures and the assumption of compound symmetry (CS) was used to assess the effect of different concentrations of rituximab on cytokine secretion by stimulated and non-stimulated PBMC. SAS vs. 9.4 was used for this analysis. Paired t-test was applied to compare between the level of cytokines produced with various concentrations of rituximab and that present in control cultures. Probability values of p < 0.05 were considered as significant. The results are expressed as mean ± SEM of 6 different blood donors.


        Results


        Effect of rituximab on cell proliferation


        24 hrs of incubation of PBMC with rituximab at concentrations between 125 and 500 µg/ml did not exert any effect on cell proliferation assessed by XTT test (p > 0.1) (data not shown).


        Effect of rituximab on cytokine production


        TNFα


        The production of TNFα by non-stimulated PBMC was not affected by 24 hrs of incubation with rituximab at concentrations between 125 and 500 µg/ml (F3,24= 1.88, p = 0.17, Figure 1). However, at the same culture conditions, the secretion of TNFα by LPS-stimulated PBMC was significantly enhanced (F3,24= 4.82, p = 0.015), and was elevated by 40% at 250 and 500 µg/ml of rituximab (p = 0.006, Figure 2).


        
          [image: ] Figure 1: Non-stimulated PBMC were incubated for 24 hrs without (0) or with rituximab at concentrations as indicated. The level of cytokines in the supernatants was tested by ELISA. The results are expressed as Mean ± SEM of 6 experiments (6 different blood donors). Asterisks represent statistically significant difference from cells incubated without rituximab (*P < 0.05). View Figure 1

        

        

        
          [image: ] Figure 2: LPS-stimulated PBMC were incubated for 24 hrs without (0) or with rituximab at concentrations as indicated. The level of cytokines in the supernatants was tested by ELISA. The results are expressed as Mean ± SEM of 6 experiments (6 different blood donors). Asterisks represent statistically significant difference from cells incubated without rituximab (*P < 0.05; **p < 0.01; ♣p = 0.059). View Figure 2

        


        IL-1β and IL-6


        24 hrs of incubation of PBMC with rituximab at the above mentioned conditions had no effect on the secretion of IL-1β by non-stimulated PBMC (F3,24= 1.97, p = 0.16, Figure 1) or cells stimulated with LPS (F3,24= 0.77, p = 0.52, Figure 2). IL-6 secretion by non-stimulated PBMC was slightly reduced upon 24 hrs of incubation with rituximab added at the same concentrations (F3,24= 4.15, p = 0.025) and was lowered by 12% (p = 0.049) at 250 µg/ml of the drug (Figure 3). The production of IL-6 by LPS-stimulated PBMC was not affected by incubation with rituximab (Figure 2).


        
          [image: ] Figure 3: PMA/ionomycin- stimulated PBMC were incubated for 24 hrs without (0) or with rituximab at concentrations as indicated. The level of cytokines in the supernatants was tested by ELISA. The results are expressed as Mean ± SEM of 6 experiments (6 different blood donors). Asterisks represent statistically significant difference from cells incubated without rituximab (**p < 0.01; ***p < 0.001). View Figure 3

        


        IL-2 and IFNγ (Figure 3)


        No detectable concentrations of IL-2 or IFNγ could be found in supernatants of non-stimulated PBMC incubated for 24 hrs without or with the above cited doses of rituximab (data not shown). However, incubation of PMA/ionomycin stimulated PBMC with increased concentrations of rituximab between 125 and 500 µg/ml for 24 hrs caused a concentration-dependent inhibition of IL-2 and IFNγ production (F3,24= 27.75, p < 0.0001 and F3,24= 9.71, p = 0.0008, respectively). IL-2 secretion was inhibited by 24% (p = 0.0027) and 53% (p < 0.0001) at rituximab concentrations of 250 µg/ml and 500 µg/ml, respectively, whereas that of IFNγ was lowered by 44% (p = 0.006) at 500 µg/ml of the drug.


        IL-10 and IL-1ra


        The secretion of IL-10 by non-stimulated PBMC was slightly increased upon incubation with rituximab (F3,24= 4.03, p = 0.027) and was higher by 14% at 500 µg/ml of the drug (Figure 1). Incubation of LPS-stimulated PBMC with rituximab for 24 hrs caused inhibition of IL-10 secretion by 25% (p < 0.05) at the three concentrations applied (F3,24= 3.41, p = 0.045, Figure 2). IL-1ra production by non-stimulated or LPS-stimulated PBMC was not affected by 24 hrs of incubation with rituximab at all three concentrations (F3,24= 0.18, p = 0.9) and (F3,24= 2.42, p = 0.106, respectively, Figure 1 and Figure 2).


        Discussion


        Development of lymphoma may activate patients' immune system. In 60 patients with follicular lymphoma the level of IL-1R1, IL-6, IL-7, IL-10, and TNF-α were found to be elevated compared to matched controls. Those treated with rituximab alone showed increased production of IL-12 and IL-1ra [16,17]. The capacity of rituximab to target B cell CD20 receptors explains its property to induce malignant cell depletion in cases of lymphoma and a number of autoimmune diseases. In addition, rituximab activates macrophages for cytokine production. Administration of rituximab may provoke systemic responses associated with increased production of cytokines such as TNF, IL-1, IL-6 and IFN-γ [18,19]. CD20+ T cells produce high level of TNFα and these cells are more affected by rituximab. Therefore, one would expect that the drug will cause reduced secretion of this cytokine by LPS stimulated PBMC. However, the results obtained hereby were different. A possible explanation is that in our experimental setup we used a mixture of different types of TNFα producing mononuclear cells in order to mimic the in vivo situation, an item that may affect the results. According to Degboe, et al. [12] rituximab enhances the macrophage anti-inflammatory functions by inhibition of their ability to produce pro-inflammatory cytokines mainly IL-6 and IL-12. Moreover, it has been reported that rituximab affects a subpopulation of CD3+CD20+T cells present predominantly in lymphatic organs and cerebrospinal fluid and are able to produce IL-4, IL-17, IFNγ and TNFα [20]. Renal transplanted patients treated with rituximab showed increased expression of IL-10 whereas the secretion of IL-2, IL-4, IL-6, IL-12, IL-17, TGF-β and TNFα was not affected [21]. Patients treated with rituximab who showed increased levels of IL-1ra and IL-12 had a shorter disease free survival, suggesting that modulation of cytokine production in these individuals may serve as a prognostic factor [16]. Similar conclusions have been attained by Toubi, et al. [22] who have observed close association between clinical improvement and changes in cytokine production by macrophages of patients with rheumatoid arthritis. Remarkably, lymphoma cells are able to release cytokines, especially IL-10, that are capable to increase macrophage phagocytic capacity towards lymphoma cells opsonized by rituximab [23]. In the present study rituximab did not exert any effect on cytokine production by non-stimulated cells. On the other hand incubation of PMA/ionomycin stimulated PBMC with the drug induced a concentration-dependent inhibited production of IL-2 and IFN-γ. Since not only macrophages are IL-2 producers but also certain types of activated T cells such as CD4+ and CD8+ [24], it is conceivable to assume that they possess CD20 receptors targeted by rituximab and providing evidence that rituximab activity extends to cells others than B cells [1]. IFN-γ is a pro-inflammatory cytokine produced by activated CD4+, CD8+ and NK cells with an action aimed mainly against macrophages [25]. The inhibited generation of IFN-γ by PBMC induced by rituximabin our experimental setup further supports the assumption that not only macrophages, but also other mononuclear cells express CD20 receptors. Considering the role of rituximab in modulation of inflammation by targeting generation of pro-inflammatory cytokines [20] one would expect an increased production of the anti-inflammatory IL-10, following incubation of PBMC with the drug, a result not observed in the present work. One possible explanation could be that in our experiments carried out in vitro there was no effect of rituximab on cell proliferation and therefore the number of IL-10 producing B cells (IL-10+ cells) could not alter, while in patients with autoimmune diseases the extent of IL-10+cells has been found to be repopulated and even elevated several months after administration of the drug [26]. We focused on the effect of rituximab on cell proliferation since cytokine production depends on the cell number. If rituximab would affect cell proliferation one would expect to obtain a decrease in cell number which was not the case. Consequently, if the cell number were affected because of altered cell proliferation under the drug's effect, we should correlate the results according to the cell number. It is plausible to assume that the drug affects cytokine production by PBMC directly and it does not dependent on their quantity. The capacity of rituximab to affect phagocytosis, apoptosis and other cell health markers has been previously reported [8-10].


        In short, the results of the study indicate that rituximab applied in vitro exerts a suppressive role on the capacity of peripheral blood mononuclear cells for cytokine production.
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