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Boundary lubrication and antiphospholipid syndrome (APS) in natural joints
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Introduction

Phospholipids (PLs) form an important class of biological molecules that play both structural and functional roles in the
human body. The most important function of phospholipids is to form the phospholipid bilayer of the plasma membrane.
Bilayers of phospholipids on the surface of articular cartilage (AC) contribute to boundary lubrication as the main lubricant
(membrane of PLs) with support provided by synovial fluid (SF) macromolecules (Fig.1) [1].
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Fig.1. (a) Schematic view of the three zones is identified with the phospholipids solid bilayers adsorbed at the surface. (b) An electron
microscopy image of the articular cartilage surface of a human knee demonstrating the oligolamellar lining consisting of phospholipid
bilayers. The bar represents 50 nm [2]. (c) Equilibrium in synovial fluid between phospholipids (liposomes and inverted hexagonal
phases) and macromolecules of hyaluronan and lubricin, and lamellar phase formation under load in articular cartilage.

The three main components of SF: lubricin, hyaluronan, and phospholipids in the form of liposomes and lamellar phases
are likely to possess the boundary-lubricating ability. Synovial fluid macromolecules, lubricin, and hyaluronan interact with
phospholipids to form stable complexes (see Fig.1c). During joint inflammation, PLs bilayers are degraded and the
content of phospholipids in synovial (SF) is increased 2 to 3 times above the normal range [3, 4]. This study was
undertaken to learn whether or not the surface active phospholipid loses its ability of self-organization and lubrication in
diseased joints. In this study, we tried to identify bilayers of PLs deactivation (surface of AC) as well as deactivation of
phospholipid in the synovial fluid (SF) from samples either with active rheumatoid arthritis (RA) or with early or late stages
of osteoarthritis (OA). Our hypothesis that B2-Glycoprotein I, (B2-GPI) (MW of 50 kDa) circulates in the body and
autoimmune disease transforms 32-GPI in antibody [5, 6]. 2-GPI participates in the antiphospholipid antibody syndrome
(APS) through binding of p2-GPI to the anionic charged phospholipid (-PO4-) group.



Results and Discussion

A joint disease named osteoarthritis (OA) or degenerative arthritis is caused by the damage the cartilage surface tissue in
the joint to cause pain and stiffness. Rheumatoid arthritis (RA) is an autoimmune disease with signs and symptoms that
include joint swelling, pain, prolonged morning joint stiffness, fatigue, muscle atrophy, and joint erosions [7, 8], with
bilaterally symmetrical joint damage [9]. Compared to synovial fluid from controls, SF from patients with early eOA and

those with late IOA had higher levels of most PLs species (2 to 3 times) above the normal range (see Fig. 2a and 2b).
Data extracted from [3, 4].
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Fig.2 (a). The levels of hyaluronan (A-), phospholipids (PLs) and lubricin (Lubr) in human synovial fluid (SF) in patients with healthy
joints control (SF) and joint diseases with early osteoarthritis (eOA), late osteoarthritis (IOA) and rheumatoid arthritis (RA) were 2 to 3
times higher above the normal range. (b). Ratios of some phospholipid classes in human synovial fluid from controls/or normal
samples, patients with early eOA, patients with late IOA, and patients with RA. The ratio (curve 1) of phosphatidylcholine PC/LPC
(median conc.), (2) lysophosphatidylethanolamine PE/LPE (median conc.), (3) phosphatidylethanolamine-base plasmalogens
PE/plasmalogens (median conc.), (4) phospholipids PLs (total conc.), and (5) lysophosphatidylcholine PC/LPC (median conc.).
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Fig.3. (a) The surface active PLs (SAPL) on the surface of AC and in synovial fluid. (b) The major lysophosphatidylcholines in SF. (c)

Friction coefficient vs. time for the (cartilage/cartilage) pair, (curve 1) normal one and (curve 2) with early osteoarthritis and (curve 3)
late osteoarthritis.
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Fig.4 (c). Conversion of B2-Glycoprotein |, B2-GPI of the circular conformation (closed molecules) into an open hockey-stick-like
conformation, each molecule has five domains (1-5). (d). Bilayers of phospholipids in the environment vicinity of plasma B2-Glycoprotein
| (B2-GP 1), (1a) the closed circular conformation of plasma B2 - GP | as it circulates in plasma in a healthy joint, and (2b) the open
hockey stick-like conformation in APS syndrome and B2-GP | is binding to negatively charged phospholipids. The autoantibodies will
bind and stabilize B2-GP | in its hockey-stick-like conformation.

The phospholipid-binding site in domain 5 of B2-GP | (Fig. 4c) contains 326 positively charged amino acids group (-NHs*).
In plasma, it occurs as a closed circular protein in which domain 1 interacts with domain 5. At a pH around 7 amino acids
(arginine, lysine and tryptophan) are positively charged (-NHs*): an acid-base interaction occurs between the protonated
amino acid group (-NHs*) and the phosphate (-POs) membrane group: (B2-GPI-NHs*) + (PLs—PO4) — (-NHs* PO4+™)
interaction and electrostatic attractions is strong enough to destroy the PLs bilayer on cartilage surface and deactivate all
phospholipids in SF (Fig. 4d).

Conclusion. Enzymatically activated of [2-Glycoprotein 1, B2-GPI, during joint inflammation and OA, undergo
transformation into antibody conformation. We tried to recognize the resulting antiphospholipid antibody syndrome (ASP)
as one being responsible for dysfunction of cartilage surface in the process of lubrication.

References

[1] Pawlak, Z., 2018. Articular Cartilage: Lamellar-Repulsive Lubrication of Natural Joints. Kindle Direct Publishing,
171pp. Print-book: https://www.amazon.com/dp/B07B42P1JY’; e- book: https://www.amazon.com/dp/1976760283.

[2] Hills, B. A., 2002. Surface-active phospholipid: a Pandora's box of clinical applications. Part Il Barrier and
lubricating properties. Int. Med. Journ., 32, 242 — 251, PIMD 12036223.

[3] Kosinska MK 1, Liebisch G, Lochnit G, Wilhelm J, Klein H, Kaesser U, Lasczkowski G, Rickert M, Schmitz G, and
Steinmeyer J (2013), A lipidomic study of phospholipid classes and species in human synovial fluid, Arthritis Rheum.,
65(9), 2323-2333.

[4] Kosinska MK, Ludwig TE, Liebisch G, Zhang R, Siebert HC, Wilhelm J, et al. (2015), Articular joint lubricants during
osteoarthritis and rheumatoid arthritis display altered levels and molecular species. PLoS ONE, 10 (5), e0125192.

[5] de Groot PG, Meijers JC (2011), B2- Glycoprotein I: evolution, structure and function, J Thromb Haemost., 9, 1275-84.

[6] de Laat B, Derksen RHWM, van Lummel M, Pennings MT, de Groot PG (2006). Pathogenic anti-b2-glycoprotein |
antibodies recognize domain | of B2-Glycoprotein | only after a conformational change, Blood, 107,1916—24.

[7]1 Westhovens R, Cole JC, Li T et al. (2006). Improved health-related quality of life for rheumatoid arthritis patients
treated with abatacept who have inadequate response to anti-TNF therapy in a double-blind, placebo-controlled,
multicentre randomized clinical trial. Rheumatology (Oxford, 45,1238—1246CrossRefGoogle Scholar

[8] Arnett FC, Edworthy SM, Bloch DA et al. (1988) The American Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum., 31,315-324.

[9] Clarke GS, Buckland-Wright JC, Grahame R (1994). Symmetry of radiological features in the wrist and hands of
patients with early to moderate rheumatoid arthritis: a quantitative micro focal radiographic study. Br J Rheumatol 33,

49-254.

Acknowledgments

We gratefully acknowledge the financial supports from the Tribochemistry Consulting (Grant no. 03. 2016) and
University of Economy (Grant 01. 2018)

Keywords: Applied tribology, Boundary lubrication, Surface modification, Amphoteric AC; Friction coefficient,
Deactivation of SAPL; B2-Glycoprotein | (B2-GP 1) as deactivator



