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Your explanation for a general audience: 

Approximately $28.1 to $96.8 billion a year is spent on the treatment for all types of healing and 

non-healing wounds.  Cost estimates for treatment of infected non-healing foot wounds is 

between $6.2-$18.7 billion.  Within infected non-healing foot wounds, an assembly of one or 

many types of bacteria, a biofilm, that can grow with and without oxygen, can be found in the 

hundreds or more on many different cell and tissue surfaces within the wound. Two bacteria, 

Pseudomonas aeruginosa, a bacteria that grows without oxygen and Staphylococcus aureus, a 

bacteria that grows with oxygen, have been found to be common bacteria within the biofilm of 

infected non-healing foot wounds.  These two bacteria have also been shown to be highly 

resistant to antibiotics and have the critical role in of capturing iron for cellular function by using 

small molecules called siderophores. However, the exact conditions, for example the availability 

of iron, which controls bacterial production of siderophores and potentially antibiotic resistance, 

is unknown. 

We have developed a technique for three-dimensional correlative ex situ cleared tissue imaging 

(3D ccTI) to determine the distribution of the bacteria within the biofilm of infected non-healing 

foot wound.  First, we serial cryosectioned (30 um) a foot biopsy sample.  We then performed 

free-floating section fluorescence immunolabeling for collagen IV (ColIV; an antibody that 

identifies a structural component found in connective tissues), Versican (V0; an antibody that 

identifies a structural scaffold found in the fluid filled areas that surround the cells within  

tissue), Protein Gene Product (PGP9.5; a protein found in neurons and nerves), Connexin 43 

(Cx43; an antibody that identifies the structural proteins that make up a gap junction), 4′,6-

diamidino-2-phenylindole (DAPI; a nuclear stain), Nissl stain (NS; a stain for RNA granules 

within the bell body of neurons), and Staphylococcus aureus (SA; an antibody that identifies the 

bacteria). We then observed and acquired images of the fluorescence immunolabeling using an 

Olympus IX-81 Inverted Epifluorescence Microscope and a Yokagawa CSU10 Inverted 

Spinning Disk Confocal. The free-floating serial section fluorescence immunolabeled images 

were stitched together and montaged into a three-dimensional volume.  The preliminary data 

showed that immunolabeling of PGP9.5 was observed in nerve fibers in the dermis and free 

nerve endings, ColIV was observed in the basement membrane zone (BMZ) and versican in the 

connective tissue of the dermis.  S. aureus was highly expressed in the wound edge but was 

observed throughout the dermis. Consistent with previous literature, we found that Cx43 was 

highly expressed in the dermis; it was mostly seen as fiber-like structures and puncta throughout 

the dermis and at the wound edge it was observed as fiber-like structures.  The epidermis had 

very little expression of Cx43. 

Going forward, Western Blots will be optimized to ensure the characterization and validation of 

the antibodies used in our free-floating section fluorescence immunolabeling.  In addition, we 

will use protein blockers to develop negative controls for the free-floating section fluorescence 

immunolabeling.  Finally, we will study the role of Cx43 immunolabeling within the infected 

foot wound to further understand its implication in wound healing and elucidate the role of iron 

in controlling the production of siderophores in P. aeruginosa and S. aureus and their role in 

antibiotic resistance. 
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Your explanation for a professor from your department: 

Approximately $28.1 to $96.8 billion a year is spent on the treatment for all types of healing and 

non-healing wounds.  Cost estimates for treatment of infected non-healing foot wounds is 

between $6.2-$18.7 billion.  Within infected non-healing foot wounds, an assembly of one or 

many types of bacteria, a biofilm, that can grow with and without oxygen, can be found in the 

hundreds or more on many different cell and tissue surfaces within the wound. Two bacteria, 

Pseudomonas aeruginosa, a bacteria that grows without oxygen and Staphylococcus aureus, a 

bacteria that grows with oxygen, have been found to be common bacteria within the biofilm of 

infected non-healing foot wounds.  These two bacteria have also been shown to be highly 

resistant to antibiotics and have the critical role in of capturing iron for cellular function by using 

small molecules called siderophores. However, the exact conditions, for example the availability 

of iron, which controls bacterial production of siderophores and potentially antibiotic resistance, 

is unknown. 

We have developed a technique for three-dimensional correlative ex situ cleared tissue imaging 

(3D ccTI) to determine the distribution of the bacteria within the biofilm of infected non-healing 

foot wound.  First, we serial cryosectioned (30 um) a foot biopsy sample.  We then performed 

free-floating section fluorescence immunolabeling for collagen IV (ColIV; an antibody that 

identifies a structural component found in connective tissues), Versican (V0; an antibody that 

identifies a structural scaffold found in the fluid filled areas that surround the cells within  

tissue), Protein Gene Product (PGP9.5; a protein found in neurons and nerves), Connexin 43 

(Cx43; an antibody that identifies the structural proteins that make up a gap junction), 4′,6-

diamidino-2-phenylindole (DAPI; a nuclear stain), Nissl stain (NS; a stain for RNA granules 

within the bell body of neurons), and Staphylococcus aureus (SA; an antibody that identifies the 

bacteria). We then observed and acquired images of the fluorescence immunolabeling using an 

Olympus IX-81 Inverted Epifluorescence Microscope and a Yokagawa CSU10 Inverted 

Spinning Disk Confocal. The free-floating serial section fluorescence immunolabeled images 

were stitched together and montaged into a three-dimensional volume.  The preliminary data 

showed that immunolabeling of PGP9.5 was observed in nerve fibers in the dermis and free 

nerve endings, ColIV was observed in the basement membrane zone (BMZ) and versican in the 

connective tissue of the dermis.  S. aureus was highly expressed in the wound edge but was 

observed throughout the dermis. Consistent with previous literature, we found that Cx43 was 

highly expressed in the dermis; it was mostly seen as fiber-like structures and puncta throughout 

the dermis and at the wound edge it was observed as fiber-like structures.  The epidermis had 

very little expression of Cx43. 

Going forward, Western Blots will be optimized to ensure the characterization and validation of  

the antibodies used in our free-floating section fluorescence immunolabeling.  In addition, we 

will use protein blockers to develop negative controls for the free-floating section fluorescence 

immunolabeling.  Finally, we will study the role of Cx43 immunolabeling within the infected 

foot wound to further understand its implication in wound healing and elucidate the role of iron 

in controlling the production of siderophores in P. aeruginosa and S. aureus and their role in 

antibiotic resistance. 


