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Introduction

Dr. George Perides, PhD, of the Beth Israel Deaconess Medical Center in Boston (Harvard), presented a summary of his work investigating matrix metalloproteinases (MMPs) among patients with Lyme neuroborreliosis and Lyme arthritis on the last day of the 13th Lyme Disease Conference. 

Background

Lyme disease is a disease with multiorgan system involvement caused by the spirochete Borrelia burgdorferi. Early acute disease is characterized by the erythema migrans skin lesion, which is often followed by dissemination of the spirochete to other skin sites, nervous system, heart, or joints. Acute neurologic manifestations include meningitis, cranial neuropathies, and radiculopathies. Months to years later, chronic neurologic abnormalities may develop, including a subtle encephalopathy, polyneuropathy, or rarely, encephalomyelitis. 

Joint manifestations include migratory arthralgias and myalgias. If allowed to progress untreated, patients with Lyme disease may develop an intermittent or chronic oligoarticular arthritis that is similar to rheumatoid arthritis in its histopathologic features. B burgdorferi does not have the ability to digest the extracellular matrix and invade the tissues of its mammalian host. However, it has been shown that it can bind and stabilize enzymes of the fibrinolytic system, and this interaction facilitates the spirochetal invasion and spirochetemia. 

In contrast to these findings, Dr. Perides' laboratory focuses on the role of another class of enzymes: the matrix metallopeptidases. 

MMPs in Lyme Neuroborreliosis

MMPs are an expanding family of metallopeptidases participating in extracellular matrix remodeling. They are activated by the fibrinolytic system and have been associated with physiologic and pathologic conditions such as development, wound healing, arthritis, tumor invasion, and metastasis. 

Increased concentrations of MMPs have been identified in the central nervous system of patients with Alzheimer's disease, brain injury, and brain tumors. MMPs have also been detected in the CSF of patients with inflammatory diseases, amyotrophic lateral sclerosis, and multiple sclerosis. 

Gelatinase as a marker for neuroborreliosis. Dr. Perides' group has recently reported that CSF samples from most patients (78%) with Lyme neuroborreliosis contained gelatinolytic activity with electrophoretic mobility corresponding to 130 kDa.[1] They investigated whether CSF samples from patients with post-treatment chronic Lyme disease, who participated in a clinical trial being conducted at the New England Medical Center, also contain the 130 kDa gelatinase. From a total of 65 samples tested, 40 (62%) were positive for the 130 kDa gelatinase, suggesting that the 130 kDa gelatinase may be a surrogate marker for Lyme neuroborreliosis. 

MMP induction. They then investigated the ability of B burgdorferi to induce MMP expression and secretion by primary neural cultures.[2] In fact, B burgdorferi was able to induce MMP-9 expression. This induction was dose dependent, time dependent, and mediated by direct cell-spirochete interaction. The MMP-9 expression was inhibited by actinomycin D, suggesting that it is transcriptionally regulated. Spirochetes killed by sonication could also induce MMP-9 expression, to a similar degree that live spirochetes do. When rat or human type I astrocytes were isolated and incubated with B burgdorferi, they also expressed MMP-9 and the 130 kDa gelatinase observed in the CSF of patients with Lyme neuroborreliosis. 

The investigators hypothesized that MMPs participate both in the mechanism of spirochetal invasion in the nervous system and in direct disruption of extracellular and/or cell surface proteins in the brain parenchyma. MMPs can digest brain extracellular matrix glycoproteins and proteoglycans and the myelin basic protein. Increased MMP concentrations due to B burgdorferi infection could lead locally to a demyelinating process and could contribute to symptoms of Lyme neuroborreliosis. The chronic symptoms of Lyme neuroborreliosis may be attributable to the ability of the organism to persist and continue to stimulate MMP release, mimicking the presence of MMPs in other chronic neuroinflammatory and neurodegenerative diseases. 

In the question-and-answer section after this talk, Dr. Perides was asked to comment on his earlier reports of virtually identical CSF levels of MMP 130 among patients with seropositive Lyme disease and patients with seronegative Lyme disease. Dr. Perides noted that MMP 130 may well be a marker of infection, but it is not yet clear how specific this marker is. For example, patients with fibromyalgia or chronic fatigue syndrome may also have elevated MMP 130 levels. This hypothesis needs to be studied, as it has important clinical implications for physicians looking for tools to aid in the evaluation of patients with CNS symptoms of Lyme disease. 

MMPs in Lyme Arthritis

Unlike rheumatoid arthritis, where the precipitant for episodes of arthritis is unknown, Lyme arthritis is clearly caused by the presence of B burgdorferi, and spirochetal DNA has been detected in the synovial fluid of patients with Lyme disease by PCR. MMPs have been associated with cartilage degradation in rheumatoid and osteoarthritis. 

MMPs that have been postulated to be involved in the cartilage erosion of rheumatoid arthritis include the collagenases (MMP-1, -8 and -13), stromelysin (MMP-3), and gelatinase B (MMP-9). MMP-3 is considered particularly important because it has the ability to activate multiple other MMPs. Aggrecanase-1 and -2, which are also metallopeptidases related to MMPs, have also been implicated in rheumatoid- and osteoarthritis. Multiple cell types, including chondrocytes, produce both MMPs and aggrecanases. 

Dr. Perides' laboratory work on Lyme arthritis was presented next, but as this is data that has not yet been published, the findings from his work will not be presented here. 

Conclusion

Dr. Perides concluded his talk by hypothesizing that the presence of B burgdorferi in the tissue results in the induction and activation of metallopeptidases and fibrinolytic enzymes, leading to extracellular matrix destruction and clinical arthritis. He suggested that B burgdorferi induces the expression of host proteolytic enzymes and that these enzymes play a key role in the development of the clinical symptoms associated with Lyme disease. 
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