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Statement of Purpose:  
The bone-prosthesis interface following TJR is 
continuously exposed to particles associated with implant 
wear. Despite continued bone destruction associated with 
macrophages and osteoclasts, heightened bone repair 
activity has also been observed. The effects of 
chemokines released by macrophages exposed to particles 
have not been elucidated. In this study, we challenged 
murine macrophages with both clinically relevant PMMA 
and UHMWPE particles. The chemotactic effects of the 
conditioned media on macrophages and mesenchymal 
stem cells were examined. 
Methods:  
Isolation of UHMWPE and PMMA: Conventional 
UHMWPE particles, a generous gift from Dr. Tim Wright 
at the Hospital for Special Surgery in New York were 
obtained from knee joint simulator tests and isolated 
according to an established protocol. The average 
diameter of the isolated particles was 2-3 um. The 
particles were processed in sterile manner and the absence 
of endotoxin was confirmed by Limulus Amoebocyte 
Lysate assay.  PMMA particles were purchased from 
Polysciences, (range in diameter 1-10 um) and sterilized 
by ethanol.  
Conditioned media: RAW 264.7 cells (Cat#: TIB-71, 
ATCC), a mouse macrophage cell line was grown in 10% 
FBS in DMEM. 1x10^5/cm2 cells were seeded onto the 
culture wells of 6-well plates and either PMMA or 
UHMWPE added. The conditioned media (CM) was 
collected after 48 hours and used for the chemotaxis assay. 
The concentration of the chemokines: macrophage 
chemotactic protein (MCP-1) and macrophage inhibitory 
protein (MIP-1a) in CM was assayed by ELISA (R&D 
Systems). 
Chemotaxis assay: THP-1 cells (Cat#: TIB-202, ATCC), 
a human macrophage cell line, was grown in ATCC-
formulated RPMI-1640 medium with 10% FBS and 
50nM 2-mercaptoethanol. Human mesenchymal stem 
cells (hMSC) were purchased from Lonza and grown in 
Lonza-formulated medium. Chemotx disposable 
chemotaxis systems (96-well format with 5um pore size, 
cat # 106-5) were purchased from Neuro Probe. For the 
chemotaxis assay, 6x10^4 THP-1 or hMSC cells were 
loaded on the migration membrane and 30ul CM was 
loaded in the migration chamber. The plates were read 
using a spectra M2 microplate reader (Molecular devices) 
set at 485/530nm after two hours incubation. 
Results:  
1. CM from RAW 264.7 cells challenged by either 
PMMA or UHMWPE caused THP-1 cells to migrate. 
Neutralizing MCP-1 antibody eliminated this directional 
chemotactic effect, while MIP-1a antibody showed no 
effect. This indicated that it was MCP-1 released from 
RAW 264.7 cells which attracted THP-1 cells. (Fig. 1) 

2. For hMSC, CM from PMMA exposed cells led to 
directional migration, and this effect could be eliminated 
by MIP-1a antibody. MCP-1 antibody had a more minor 
effect. (Fig. 1) This result demonstrated that MIP-1a was 
required for hMSC to respond to CM, although MIP-1a 
alone did not attract hMSC. 

 
Fig. 1. THP-1 and hMSC migrated towards neutralized CM. 

3. Blocking the CCR1 receptor (which is bound by MIP-
1a, RANTES, MCP-3 and others) using CCR1 antibody 
eliminated the chemotactic effect of CM on THP-1 cells, 
while CCR2 (which is bound by MCP-1, CCL8, CCL16 
and others) antibody only partially decreased THP-1 
migration to CM (Fig. 2). This result indicated that the 
CCR1 receptor was required for THP-1 response to CM, 
and that the effects of MCP-1 might be due to binding to 
other receptors, such as CCR4. Neither CCR1 nor CCR2 
antibodies showed any effect on the migration of hMSC 
to CM. (Data not shown.) 

  
Fig. 2. CCR1 antibody eliminated the migration of THP-1 towards CM. 
Conclusions:  
1. MCP-1 in CM is a chemoattractant for THP-1 cells. 
2. MIP-1a in CM is required for hMSC chemotaxis, but 
neither MCP-1 nor MIP-1a in CM is probably the primary 
chemoattractant for hMSC.  
3. CCR1 receptor activation is required for THP-1 to 
migrate towards CM. Besides CCR2, MCP-1 in CM can 
lead to chemotaxis through binding to other receptors. 
4. hMSC responded to CM via  receptors other  than 
CCR1 or CCR2. 
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