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Abstract: Open fracture associated infection is a 
significant clinical complication for military and civilian 
patients. There have been more than 33,000 injuries 
among U.S. service members in the Iraq and Afghanistan 
operations. Orthopaedic injuries have made up ~ 65% of 
these injuries. It was reported that 26% of the injured U.S. 
service members sustained fractures and that 82% of these 
fractures were open fractures. Despite the advance in 
sanitation and hygiene practices, 2-15% of combat related 
extremity injuries still develop osteomyelitis. We have 
developed an advanced non-antibiotic approach, i.e. 
interleukin 12 (IL-12, also termed IL-12 p70) 
microcapsules, to effectively combat bacteria (e.g. S. 
aureus) induced osteomyelitis and infection in open 
fractures. Our approach is to stimulate the body’s natural 
defense system (i.e. cell-mediated immune response) to 
fight pathogens and prevent infection. Bacteria such as S. 
aureus can invade osteoblasts and undergo phenotypic 
changes that can lead to their survival in infected cells, 
and the generation of a cell-mediated response via local 
IL-12 therapies is desirable. Also, the developed approach 
will be an alternative to antibiotic therapies, and it will 
reduce antibiotic use and antibiotic resistance. 

Methods: Electrostatic layer-by-layer self-assembly 
(LBL) was used to prepare polypeptide microcapsules. 
IL-12p70, playing a central role in promoting cell 
mediated immunity, was loaded into the microcapsules. 
The LBL process was carried out at neutral pH under 
sterile laminar airflow conditions. An open femur fracture 
was created (Fig. 1) using Sprague-Dawley rats, 
challenged with S. aureus, and left open for one hour. IL-
12 loaded microcapsules were injected at the fracture site, 
and the fracture was fixed with a stainless steel Kirschner 
wire. The rats were euthanized at post-operative day 21. 
A variety tests were conducted to evaluate infection and 
healing. 

 
Fig. 1.  An in vivo open femur fracture rat model was 
developed to test the efficacy of local IL-12 therapies in 
preventing osteomyelitis and infection. 

Results:  We have developed IL-12 microcapsules for 
infection prevention using LBL technology. We have 

tuned the incorporation and release of IL-12.  Moreover, 
we have shown that total serum IL-12 level decreases 
after an injury, and that IL-12 microcapsules activates 
macrophages (Fig. 2) and are effective in infection 
prevention (Fig. 3) in the open femur fracture rat model. 
In addition, we have shown that the developed approach 
is advantageous compared to systemic and percutaneous 
IL-12 treatments (data not shown). 
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Fig. 2.  Normalized intensity of MHC II on 1C7+ cells. 
The intensity of the control group (no IL-12) was set at 
100. 
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Fig. 3.  Infection rate vs. IL-12 dose at post-operative day 
21. Six rats were studied in each group. 
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