Fibronectin: Key to the Blood-Brain Barrier
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Meningitis, a disease which affects approximately 90,000 people (Meningococcal) every year, is actually caused by a bacterium that is normally engaged in a commensally symbiotic relationship with humans.  This bacterium, Neisseria meningitidis enters the nasal passage and makes a home in the mucus there. In some adults, it’s part of the regular flora and is not harmful because of acquired immunity. In others, usually those with compromised immune systems, it can travel into the blood stream without being attacked by white blood cells. There are several ways that it can cross the blood-brain barrier. One specific way is by using OpcA. OpcA attaches to heparin, which, in turn, attaches to fibronectin. Fibronectin is a glycoprotein (made of carbohydrates and amino acids) located in the extracellular matrix (or outside of the cell). Fibronectin has a variety of regular uses and functions, including: cell adhesion, ECM formation, hemostasis and thrombosis. It is able to perform these many functions by binding to components of the ECM (fibrin, collagen, gelatin, integrins, etc.) through a drastic ability to shape change. Neisseria meningitidis is able to capitalize on fibronectin’s unique and diverse abilities. When the OpcA-heparin complex binds with fibronectin at either the primary binding site (dark blue) or the secondary binding site (lighter blue), fibronectin will then bind with an integrin (at the purple site), functioning almost like a key. This binding, which triggers endocytosis, functions like the opening of a “gate” beginning the process through which the N. meningitidis can cross the blood-brain barrier.  Once across, N. meningitidis can wreak havoc on the brain, eventually, and in many cases, causing death.  The negative effects on the body begin when N. meningitidis is recognized by immune cells of the brain. These cells release cytokines, recruiting more immune cells. The blood-brain barrier becomes more permeable as a result of this.   This leads to swelling of the brain due to fluid leakage from blood vessels and from fluid between cells (vasogenic and interstitial edemas). Swelling of the blood vessels can bring about cytotoxic edema, and the combination of the three can, in time, lead to oxygen deprivation in brain cells, which can then initiate brain cell apoptosis and potential, subsequent death.
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