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Abstract
	
Background and objective of the project
Cytidine-5'-diphosphocholine (CDP-choline) has gained some importance as an add-on therapy in neurodegenerative, neurovascular and traumatic brain disorders due to its neuroprotective and regenerative properties. Exogenously applied CDP-choline displays a very high bioavailability and readily disperses throughout the organism, also crossing the blood-brain barrier. Along with a favorable toxicity profile, these characteristics render CDP-choline an interesting candidate to investigate its potential in neuroinflammatory diseases. Recent experiments within the group based on experimental autoimmune encephalomyelitis (EAE), a widely used animal model close to multiple sclerosis (MS), documented a robust amelioration of the clinical symptoms of MOG-EAE in a preventive as well as a therapeutic regimen. These findings were confirmed by a histological follow-up analysis of white matter lesions of the spinal cord. Axonal density was preserved, whereas demyelination was reduced in animals treated with CDP-choline. Leukocyte infiltration was diminished as well, which was most pronounced in macrophages. Based on these findings, the potential direct influence of CDP-choline on various macrophage effector functions in vitro was investigated in this project.


	
Methods
Peritoneal macrophages were extracted from C57BL/6j mice and activated with LPS. CDP-choline, choline, cytidine or phosphatidylcholine were added to samples, partly combined with cholinergic and purinergic receptor antagonists and a phospholipase blocker, and subjected to quantitative analyses of various cytokines via enzyme linked antibodies (“Enzyme Linked Immunosorbent Assay”, ELISA). Levels of nitric oxide (NO) were measured via the Griess reaction. Phagocytic activity, purity and viability were determined by fluorescence activated cell sorting (FACS). Cytokine RNA expression was measured by real time PCR and compared among several test conditions. Furthermore, the course of MOG (myelin oligodendrocyte glycoprotein)-induced EAE in animals treated with intraperitoneally injected cytidine was documented and the histological analysis of the preventive CDP-choline EAE regimen was extended by the oligodendroglial markers CNPase and Nogo A.


	
Results
The experiments showed that CDP-choline and choline decreased secretion levels of the cytokines/chemokines MIP-1α, TNFα, IL-1β and MCP-1 in primary macrophage cell culture supernatants. Cytidine also significantly lowered secretion levels of IL-6, RANTES and the anti-inflammatory cytokine IL-10. No changes in cytokine RNA expression were measured. At the protein level, neither cholinergic/purinergic antagonists nor the phospholipase blocker abrogated the anti-inflammatory effects of the tested substances. NO production was only impaired in cells treated with cytidine. CDP-choline promoted early phagocytic activity, while cytidine reduced phagocytic activity after 24 hours. Cell viability was reduced by cytidine after 42 hours. Intraperitoneally applied cytidine failed to reveal any alleviation of EAE symptoms. Higher oligodendrocyte densities in spinal cord sections were revealed in animals treated with CDP-choline.


	
Discussion and conclusion
These findings suggest that CDP-choline may positively influence autoimmune neuroinflammation by multiple actions, including protective effects on oligodendrocytes and a direct interference with macrophage effector functions. Combining these findings with published data, it can be concluded that its neuro-/glioprotective and regenerative properties may outweigh its anti-inflammatory effects. CDP-choline’s molecular components, choline and cytidine, do not reveal the same effects as CDP-choline. Especially cytidine does not show any positive influence on the course of EAE, although it effectively reduces pro-inflammatory actions of macrophages in vitro. Given its beneficial safety profile and high bioavailability, CDP-choline may be an interesting candidate as an oral add-on therapy in multiple sclerosis.
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