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Fig.1. Inverted culture system. Macrophages are attached
onto the bottom of 4-well chamber slides. After complete
removal of the culture supernatants, a polyethylene particle
suspension is added to the wells. The slide is then sealed with
a plastic film, and the incubation takes place in an upside-down
position. In this system, cells are in better contact with
polyethylene particles that float upward than they are in the
usual system.
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A B
Fig.2. Light photomicrogram of polyethylene particles with or without adsorbed serum protein. (A) A few large clusters of particles with

a diameter of more than 10,2 m are seen in a serum-free medium. (B) Many single particles and small clusters of particles with a diameter
of less than 10 »m are seen in a medium with serum added. Bar represents 10, m.
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Fig. 3.  Size distribution of polyethylene particles with or without adsorbed serum proteins. The size of polyethylene particles in a serum-
free medium (A) and in a serum-containing medium (B) was measured by dynamic light scattering (particle concentration, 1.0mg/ml;
temperature, 25.0 T). '
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Fig. 5. Polarized light photomicrograph of macrophages phagocytosing polyethylene particles. (A) Macrophages exposed to no coating
polyethylene particles in the usual culture system do not phagocytose any particles. (B) Macrophages exposed to protein-coated
polyethylene particles in the usual system include many particles in their cytoplasm (cell concentration, 1 X 10° cell/well; particle
concentration, 1.0 mg/ml; temperature, 37 C; incubation time, 12 hr). Bar indicates 10z m.

Fig.4. Serum proteins bound to polyethylene particles.
Coomassie blue staining of SDS-PAGE for a profile of human
serum protein (A) and of opsonized serum protein binding to
polyethylene particles (B). 3041 of the SDS protein sample
was used per lane of SDS-PAGE. For comparison, 3041 of 4%
human serum was used to fractionate normal serum proteins,
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Fig.6. Time course for percentage of macrophages
phagocytosing polyethylene particles when challenged with
protein-coated and no coating particles. Cells were placed on
chamber slides and incubated in RPMI1640 medium. After 8
hr, the particle suspension was added and the chamber
slides were inverted. Cells were gathered after 3, 6, 12, 24
hr of culture in the inverted position. Point represents X == SD
(n=75). @, protein-coated particles; [], no coating particles.
**p < 0.01 compared to the no coating group, Student’s t test.
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Fig.7. Time course for IL-6 production by macrophages
challenged with protein-coated and no coating polyethylene
particles. Cells were placed on chamber slides and incubated
in RPMI1640 medium. After 8 hr, the particle suspension
was added and the chamber slides were inverted. The
supernatants were gathered after 3, 6, 12, 24 hr of culture
in the inverted position. Point represents X = SD (n=75).
Q, control; @, protein-coated particles; [, no coating
particles. *p< 0.05, **p < 0.01 compared to the no coating
group, Student’s t test. ‘
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Fig.8. Time course for IL-13 production by macrophages
challenged with protein-coated and no coating polyethylene
particles. The experimental protocol was identical to
that described for Fig.7. Point represents X = SD (n =5).
O, control; @, protein-coated particles; [], no coating
particles. *p<<0.05, **p < 0.01 compared to the no coating
group, Student’s t test.
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Fig.9. Effect of albumin and IgG binding to polyethylene
particles on the IL-13 production of macrophages stimulated
for 12 hr by particles. Production of IL-13 was measured by
using albumin-coated particles and IgG-coated particles (cell
concentration, 2 X 10° cell/well; particle concentration, 1.0
mg/ml; temperature, 37 °C). Columns represent the mean
values of IL-13 production; vertical bars show SD (n=15).
*p<0.05, compared to the values for no coating and albumin-
coated particles, Student’s t test.
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Abstract

It is suggested that the first step in osteolysis, a complication occuring in conjunction with total joint arthroplasties, is the
phagocytosis of polyethylene wear particles by macrophages, which results in the release of inflammatory cytokines from
these cells and the activation of osteoclasts. It is known that the adsorption of proteins to the surface of materials is an
important factor in the reaction of cells to their presence, and that this reaction varies according to the kind of proteins
adsorbed. In this study, adsorption of proteins to the surface of polyethylene particles was investigated in order to clarify the
mechanism of phagocytosis of polyethylene particles by macrophages and the activation of macrophages. It proved to be
almost impossible to use polyethylene particles in an in vitro study, because they aggregate and tend to float upward
in a serum free medium. The first experiments described here showed that the size of the polyethylene particles was 3.31 £
0.59m when they were dispersed in a serum-containing medium and measured by dynamic light scattering, while it was
7.20 £ 6.35,m in a serum free medium. This difference in size clearly indicates the aggregation of the particles. It also
means that adsorption and opsonization of serum proteins to the surface of the particles suppresses such aggregation. The
adsorbed proteins were identified as albumin and y -globulin by SDS-PAGE. Secondly, macrophages were able to be
incubated in close contact with polyethylene particles by use of an inverted culture system. In this system macrophages were
attached to the bottoms of chamber slides, which were then filled with a polyethylene particle suspension, sealed with plastic
film and inverted for incubation. This system was used to measure, with the aid of albumin-coated particles and IgG-coated
particles, the phagocytosis of said particles and the production of cytokines by the macrophages. Macrophages showed 2
tendency to phagocytose more particles and to produce more IL-6 and IL-13 when incubated with protein-coated particles
than with no coating ones. They also tended to phagocytose more particles and produce significantly more IL-173 when
incubated for 12 hr with IgG-coated particles than with albumin-coated ones. In conclusion, we successfully created a
polyethylene particle suspension in which the particles were well dispersed as a result of the addition of serum, and the
inverted culture system proved to be a useful system for showing the exact effects of phagocytosis of polyethylene particles.
It was shown that phagocytosis of particles by macrophages was accelerated by the presence of adsorbed proteins, especially
¥ -globulin, on the surface of the polyethylene particles, and that the production of cytokines by the macrophages was also
increased in this case.




