ABSTRACT 

Multiple sclerosis (MS) is the autoimmunological disease, that causes demyelination in central nervous system (CNS). There are more than two million people affected globally. MS occurs mainly in moderate climatic zone, and in highly developed countries. Usually muliple sclerosis begins at the age 20 – 40. The cause of the disease remain unknown, but there is a contribution of three factors postulated: genetic, environmental, and infectious. 


Much more is known about the mechanism of multile sclerosis. Mistakenly activated in the periphery immune cells, goes through blood‑brain barrier into the CNS, where it recognizes myelin antigens as a foreign, and attacs it. The immune response is developed, and the myelin sheet is being destroyed. That causes impairment in signal transduction. Even the breakage of transduction can occur, if the aksons of neurons are destroyed. Remnant of inflammatory reactions are the glial scars visible in MRI scans. The pathological changes in the CNS are scattered in place and time, giving a multitude of clinical symptoms. Progressing physical disability, the growing dependence on a third, deteriorates the quality of life and mental condition of the patient, what can cause depressive disorders. Multiple sclerosis is not directly causing shortening the patient's life, however, neurological deficits contribute to increased susceptibility to additional diseases.

SM therapies relay heavily on the use of systemic immunosuppression during relapse and immunomodulatory drugs such as interferon‑β or glatiramer. Also available therapies are directed to specific mechanisms involved in the pathogenesis of MS, such as the use of natalizumab (antibody blocking the passage of autoreactive lymphocytes through the blood‑brain barrier). However, all the therapies are subject to the risk of serious side effects, or have limited effectiveness.


Lack of promising results of multiple sclerosis therapies, causes need to seek out new, free from side effects and effective treatments for MS. There are high expectations in the phenomenon of oral tolerance, naturally occurring in our bodies. It consists of reducing the immune response to previously orally given antigen. This phenomenon is necessary because the collected food is digested to short peptide fragments, which could activate the immune system after passing through the gut‑blood barrier. Specificity of the immune cells in the gut allows to identify the food antigens and inhibts the immune response against them. Oral tolerance phenomenon is not yet fully understood, most likely occurs through multiple complementary processes. Very important is the dose of the fed antigen. Low dose of antigen induces oral tolerance by active suppression, whereas high doses induce anergy or deletion of cells recognizing food antigens.


The aim of our study was to determine whether intragastric administration of preparations containing myelin antigens, is able to induce oral tolerance to these antigens in rats with evoked animal model of multiple sclerosis.

To conduct this study we used an animal model of MS – experimental allergic encephalomyelitis (EAE). We evoked EAE in Lewis rats, and observed parameters to determine the severity of the ongoing disease. The clinical score describes the degree of disability and loss of the animals weight indicates the severity of the general condition of rats. In addition, we analysed the level of the main pro‑ and antiinflammatory cytokines in the serum and examined histopathological changes in the sections of the spinal cord of animals to determine the immunological and neurological changes.


In studies described in the scientific literature, mainly myelin basic protein or its fragments are used to induce oral tolerance in animals. In our experiments, we decided to use a wider range of antigens, what seems to be more appropriate, as long as antigens responsible for the pathogenesis of MS remain unknown. Using the whole spinal cord hydrolysate allows to obtain a full range of myelin antigens located in the CNS. In subsequent experiments, we wanted to create an alternative to expensive and time – consuming chemical synthesis method for the myelin peptides production. That is why we decided to harness the "living factories" – recombinant lactic acid bacteria Lactococcus lactis, a non‑pathogenic and non‑invasive bacteria. In this case, we had to give up a wide range of myelin antigens, which led us to choose the most encephalogenic peptide fragments of the three major myelin proteins, myelin basic protein (MBP85‑97) proteolipid protein (PLP139‑151) and myelin oligodendrocyte glycoprotein (MOG35‑55 ).


The results obtained in our experiments showed the effectiveness of used preparations in oral tolerance induction, but not in all the doses used, which emphasizes the great importance of this aspect. The pig spinal cord hydrolyzate, administered at lower doses, 5 and 20 mg/kg of body weight, four times, a week before EAE induction, caused a decrease of the intensity of ongoing disease. Lesser degree of physical disability, and tend to decrease the infiltration of inflammatory cells into the CNS was observed. On the other hand, feeding rats with dose of 100 mg/kg body weight intensified inflammation in the CNS, and so the process of autoimmunity in animals.


The first attempts made in ​​using L. lactis bacteria as a source of myelin antigens showed no effect on the course of induced EAE. However, analysis of histological sections of the spinal cord showed a complete lack of visible inflammatory infiltrates in the majority of rats, which may call into question the effectiveness of the EAE evoking in these animals. In this case, it may be wrong to analyze the influence of feeding animals with preparations containing MOG35‑55 in the development of tolerance to this antigen, in rats with induced EAE.


In subsequent experiments, we returned to the previous effective method of evoking EAE in animals, wherein the source of myelin antigen was a homogenate of guinea pig spinal cord. Preparations administered orally to rats contained lysates of bacteria producing the most immunogenic fragments of major myelin proteins, MBP85‑97, PLP139‑151 and MOG35‑55. We applied here additional feeding scheme, every day, for twenty days, where EAE was induced in the middle of the feeding period. This choice turned out to be right, because in so fed animals, mitigation of the course of EAE was observed. This was confirmed by reduced clinical index and reduction of the weight loss. Histopathological analysis showed a looser weaving of inflammatory cells in the inflammatory infiltrates, as well as more active astrocytes. This may indicate a lower intensity of inflammatory reaction in the CNS, and the establishment of repair processes. Analysis of the cytokines levels assayed in the serum of animals showed that feeding animals twenty times with preparations containing myelin antigens reduces their level to observed in intact animals. It may reflect the fact that after two weeks (time of sample collection) immune response observed at the periphery has been halted and cytokine levels returned to baseline. The observations made ​​in the case of fourfold feeding with preparations containing the bacterial lysates producing MBP85‑97, PLP139‑151 and MOG35‑55 showed that only some of the parameters indicating the condition intensity are reduced in comparison to untreated animals. This feeding pattern is likely to be insufficient in oral tolerance induction in animals. This may be caused by too low total dose of given antigen.


Results obtained in our study show that both approaches are effective in the induction of oral tolerance. Both preparations containing a wide range of antigens, and recombinant L. lactis bacteria, which are living factories producing myelin antigens administered orally to rats, caused mitigation of the course of EAE. This gives hope to create a product that could be effective and free from side effects therapy in multiple sclerosis. The results also showed the importance of antigen dose used to induce oral tolerance. That aspect should be emphasized, as if the effect of very low dose of antigen results in failure of such therapy, too high dose can cause autoimmune process intensification.
