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RESULTS

INTRODUCTION
A

Background: Metal on metal (MOM) hips often fail due to inappropriate
inflammation and angiogenesis which may be due to localized concentrations of
metal ions and/or MOM wear particles in the joint. Critically, human TLR-4, but
not mouse TLR-4, are responsive to cobalt and MOM particles. Transgenic mice
expressing the human TLR4 mice were used in these experiments
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Figure 3: Flow cytometry analyses showing co-expression of endothelial markers in TLR4 splenocytes stimulated with CoCl2.
Spleen cells from TLR4 mice were incubated with CoCl2 for either A) 3 Days or B) 6 Days and stained for CD31 PE and MADCAM FITC.
Cells treated with PMA are used as positive control.

MOM Hip implants

C.

Cellular influx is induced by MOM particles and is enhanced by OVX

B.

Plain Language Synopsis: Metal on metal (MOM) hips have been developed for
joint replacement. However, in women, they are failing at a rate 30% higher than
the rate of men often due to inappropriate blood vessel formation. The focus of
this work is to understand the mechanism of this aberrant blood vessel formation.
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RESULTS

Figure1. Pseudotumor formation in a
women following implantation of a MOM
hip. A) Orientation of MOM implant. B),
Immediate appearance of the implant
following surgery; C) pseudotumor involving
the acetabular cup and femur prosthesis.
notable for the influx of inflammatory cells
and fibroblasts.

Figure 7. Quantification of cells isolated from the DIVAA reactors with MOM
particles. Cells isolated from control and OVX mice implanted with DIVVA were
analyzed using flow cytometry..

CONCLUSIONS
 We investigated the effect of Cobalt ions and MOM particles on TLR-4 mice
spleen cells on T cells. Our results demonstrate that there was no change in the
CD4 and CD 8 number in vitro.
Day 3

Day 6

 Spleen cells of TLR -4 mice were exposed to 3 concentrations of CoCl2 (2.5μM,
25μM, 250μM) for 3 and 6 days. A dose depend induction of
endothelial
markers was seen on Day 3 with a dose dependent reduction on day 6,
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MATERIALS AND METHODS

Figure 4. Flow cytometry analyses showing co-expression of endothelial markers CD31 and MADCAM in TLR4 splenocytes
stimulated with MOM particles. Spleen cells from a TLR4 mice were incubated with MOM particles for either A) 3 Days or B) 6 Days
and stained for CD31 PE and MADCAM FITC. Cells treated with PMA are used as positive control.

 Humanized TLR4 mice were provided by Dr Hajar, U Wash via a MTA. Mice
were bred under a FDA ACUC approved protocol. Female mice were used
exclusively.

Directed in vivo angio autoreactor (DIVAA)
a.

 Spleen cells from a humanized TLR 4 mice were stimulated with CoCl2 (2.5µM,
25µM, and 250µM) or MOM particles (1:5, 1:50, 1:500 per cell) for 3 days or 6
days.

c.

Control angioreactor

Isotype control

CD31 PE

B.

A.
Control PBS

 T cell population was analyzed based on CD4 and CD8 antibodies using flow
cytometry.

b.

 Angiogenesis on stimulated cells was analyzed by staining cells for
angiogenesis markers – CD31 PE and MADCAM FITC.

 To assess the in vivo responses to MOM particles, nude mice were implanted
with angioreactors containing MOM particles (2.5x105 and 2.5 x 106). On day
12, the angioreactors were removed and there was dose dependent increase in
endothelial cells.
 In sum, both CoCl2 and MOM particles induced endothelial cells and
angiogenesis.

FUTURE WORK

Positive control angioreactor

β-FGF + VEGF

 Next, spleen cells of TLR-4 mice were exposed to 3 different ratios of MOM
particles (1:5, 1:50, 1:500 per cell) for 3 and 6 days. Endothelial markers were
induced, but it was not dose dependent, however the endothelial cell numbers
increased between 3 and 6 days.

The humanized TLR-4 model will greatly aid in evaluating the angiogenic profile of
metal ions and device wear particles.

Matrigel

 The DIVAA experiment employed nude mice. The FDA ACUC approved the
protocol.
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 Flow cytometer experiments were done in BD Fortessa flow cytometer and
subsequent analysis was done using FlowJo software.
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Figure 5. Flow cytometry analyses of DIVAA implants showing co-expression of endothelial markers CD31 and MADCAM in nude mice.
A) DIVAA are silicon tubes filled with matrigel and placed SC for 14 days; a), negative control, PBS; b). positive control, β-FGF + VEGF;
c) Cells were isolated from DIVAA, using enzymes and were stained with either the isotype control or CD31 PE. Am J Pathol. 2003 162(5):143 .
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Alloy: Co 58.9–69.5%, Cr 27.0–30%, Mo 5.0–7.0%
MOM particles: endotoxin negative

ABBREVVIATIONS
Figure 2. Characterization of MOM particles. Particles were generated from a
MOM hip using a motion simulator. A) The size distribution a and using SEM are
shown. B) SEM images. The average size of MOM particle size is around 400 uM.

Figure 6. Angiogenesis in DIVAA implants containing MOM particles in control and OVX nude mice. A) Group without OVX. B) group with
OVX. DIVAA were filled with matrigel and negative control, PBS; positive control, β-FGF + VEGF; MOM particles, 2.5 x 105 ; MOM particles,
2.5 x 106. OVX was performed on a subset of mice before SC implantation. DIVAA were implanted SC, recovered, and stained as described above.
.

Co, Cobalt; TLR-4, Toll-like receptor 4; PE, Phycoerythrin; FITC, Fluorescein
isothiocyanate; MOM, metal on metal; PMA, Phorbol ester myristate; DIVAA,
directed in vivo angio autoreactors; β-FGF, β-Fibroblast Growth Factor and
VEGF, Vascular Endothelial Growth Factor; OVX, ovariectomized.

