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Abstract
Problem. Invasive fungal diseases (IFDs) 

cause millions of deaths each year and they are 
refractory to treatment. Candida albicans, 
Aspergillus fumigatus, and Cryptococcus 
neoformans cause life-threatening invasive 
candidiasis, pulmonary aspergillosis, and 
cryptococcal meningitis, respectively. Patients 
at the greatest risk of developing these IFDs 
have weakened immune systems or lung 
problems. The vulnerable population has been 
growing steadily over the last 30 years due to 
increasing numbers of immunosuppressed 
individuals receiving stem cell or organ 
transplants. In the U.S., medical costs for these 
three IFDs exceed $5 billion dollars per year. 
An infected individual’s medical costs often 
exceed $100,000. One-year survival rates are 
only 10 to 90%, depending upon the patient 
population. 

Patients are treated with various antifungal 
drugs, such as Amphotericin B (AmB). AmB 
loaded in liposomes (e.g., AmB-LLs, 
AmBisome®) may be slightly less toxic at 
effective doses. However, all antifungals have 
serious limitations due to human organ 
toxicity, the lack of sufficient fungicidal effect 
at safe doses and limited treatment periods, 
and the emergence of resistant fungi. Few new 
drugs have emerged to gain even limited 
acceptance in the last 20 years. 

Solution. We created a transformative 
technology in which almost any antifungal drug 
may be delivered specifically to the fungal cell 
wall and/or its secreted exopolysaccharide 
matrix and biofilm. Targeting increases drug 
efficacy and reduces the effective dose by one 
or two orders of magnitude. 

The extra cellular carbohydrate recognition 
domains of the mammalian C-type lectin 
receptors Dectin-1 and Dectin-2 bind to beta-
glucans and alpha-mannans, respectively, 
found in the cells walls and/or 
exopolysaccharide matrices and biofilms of 
most fungal species. These two receptors 
normally are expressed on the surface of some 
leukocytes to signal the immune system of an 
ongoing pathogen infection. We employed the 
receptor domains of Dectin-1 and Dectin-2 to 
target liposomes carrying antifungal drugs to 
fungal cells. 

Results. 
• Dectin-1- and/or Dectin-2-coated 

Amphotericin B-Loaded Liposomes (i.e., 
DEC1-AmB-LLs, DEC2-AmB-LLs) improve the 
binding efficiency and the antifungal 
inhibitory and/or killing activity of AmB 
toward these three fungal species in vitro 
100-fold relative to an untargeted 
AmBisome® equivalent (AmB-LLs) or bovine 
serum coated liposomes (BSA-AmB-LLs), 
delivering the same AmB concentrations. 

• In our first experiments using a steroid 
immunosuppressed mouse model of 
pulmonary aspergillosis, a single dose of 
DEC2-AmB-LLs delivering only 0.2 mg 
AmB/kg mouse weight reduced the fungal 
burden in the lungs 10- to 20-fold more 
efficiently than untargeted AmB-LLs 
delivering this dose of AmB. Using a 
leukopenic immunosuppressed mouse model 
of pulmonary aspergillosis, a single dose of 
DEC2-AmB-LLs delivering 0.2 mg AmB/kg 
reduced the fungal burden in the lungs 100-
to 600-fold more efficiently than untargeted 
AmB-LLs. Some lungs were nearly cleared of 
living fungal cells. 
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The concept: Targeted drug-loaded liposomes 
selectively concentrate antifungal drugs on 
fungal cell walls and in their exopolysaccharide 
matrices, resulting in more efficient inhibition 
and killing than un-targeted antifungal drugs.

DEC1-AmB-LLs are Liposomes Loaded with sDectin-1, 
amphotericin B (AmB), and red fluorescent rhodamine. 
Dectin-1 floats as a monomer in the liposomal 
membrane until it forms a dimer as it binds beta-
glucan. Each liposome contains approximately 1,500 
sDectin-1 monomers, 3,000 rhodamine molecules, and 
16,500 AmB molecules (i.e., 11 moles percent AmB 
relative to moles of liposomal lipid similar to the AmB 
concentration in AmBisome®).

Dectins are difficult to work with because they are 
extremely hydrophobic insoluble membrane proteins, 
usually manipulated in vitro fused to a soluble carrier 
protein. We developed new and revised  biochemical 
methods for manipulating the Dectins.

Rhodamine red fluorescent DEC1-AmB-LLs bind 
strongly to the cell wall and exopolysaccharide matrix 
of A. fumigatus swollen conidia, germinating conidia, 
germ tubes, and hyphae, while the red fluorescent 
AmBisome®-equivalent AmB-LLs and BSA coated 
BSA-AmB-LLs do not bind efficiently.

DEC1-AmB-LLs inhibited and/or killed A. fumigatus an 
order of magnitude more efficiently than control AmB-
LLs or BSA coated BSA-AmB-LLs delivering the same 
AmB concentration. A. CellTiter Blue assays of live cell 
metabolic (reductase) activity. B. The increase in 
Hyphal Length was assayed after treating germinated 
conidia with liposomal drugs. 

DEC2-AmB-LLs- Liposomes Loaded with sDectin-2, 
amphotericin B, and rhodamine.  See details in the 
adjacent legend for DEC1-AmB-LLs. 

sDectin-2 coated DEC2-AmB-LLs bound strongly to the 
exopolysaccharide matrix of C. albicans yeast cells, 
pseudo-hyphae, and hyphae, A. fumigatus conidia, 
germlings, and hyphae and C. neoformans yeast cells

DEC2-AmB-LLs inhibited and/or killed C. albicans, C. 
neoformans and A. fumigatus an order of magnitude 
more efficiently than control liposomes delivering the 
same low AmB concentrations.

Immunosuppression-mediated leukopenic mouse 
model of pulmonary aspergillosis. Treating with 
both the alkylating agent cyclophosphamide and 
the steroid triamcinolone more fully suppresses the 
immune system than treating only with a steroid. 

Fungal Burden. Using a leukopenic mouse model, 
DEC2-AmB-LLs were two orders of magnitude more 
effective at reducing the fungal burden in the lungs 
than AmB-LLs. Mice were infected on Day 0 with 
500,000 conidia and treated on Day 1 with 
liposomes delivering  0.2 mg AmB/kg mouse weight. 
The lungs were assayed on Day 4 after infection. A. 
Assays of colony forming units (CFUs). B. 
Quantitative PCR of the rDNA intergenic transcribed 
spacer (ITS) region.
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DEC1-AmB-LLs bound two orders of magnitude more 
frequently to A. fumigatus hyphae than control AmB-
LLs or BSA-AmB-LLs.

Killing of C. neoformans assayed as colony 
forming units (CFUs)

Our team

National institutes 
of Allergy & 

Infectious Disease

Summary
We describe a novel method for 

targeting liposomes carrying 
Amphotericin B to the surface of 
pathogenic fungi and their 
exopolysaccharide matrices that 
improves drug efficacy in vitro and in 
vivo 10- to 100-fold, relative to an 
AmBisome®-equivalent. Targeting of 
liposomal Amphotericin B lowers the 
effective dose (ED90) for inhibiting or 
killing fungal cells at least 10-fold. 
Targeting works against three 
evolutionarily distant fungal species, 
suggesting pan-antifungal applications 
against diverse invasive and 
superficial pathogens. This liposome 
targeting technology should work with 
any antifungal drug that may be 
efficiently packaged in liposomes.
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Steroid immunosuppression-mediated mouse 
model of pulmonary aspergillosis. Steroids such as 
triamcinolone partially suppress the immune system, 
but may stimulate excessive inflammation. Animals 
were handled in accordance with all U.S. Federal and 
UGA guidelines for the ethical treatment of animals.

Fungal Burden. Using the steroid mouse model, 
DEC2-AmB-LLs were an order of magnitude more 
effective at reducing the fungal burden in the lungs 
than AmB-LLs. Mice were infected on D0 with 2x106

conidia and treated on Day 1 with liposomes 
delivering 0.2 mg AmB/kg mouse weight. The lungs 
were assayed on Day 4 after infection. A. Assays of 
colony forming units (CFUs). B. Quantitative PCR of 
a rDNA intergenic transcribed spacer (ITS) region.

In vitro data on A. fumigatus, C. albicans, and C. neoformans Preliminary in vivo data using 
mouse models of pulmonary 
aspergillosis

Scopus Biotech., Inc. is a startup 
company partnering with the University 
of Georgia Research Foundation, Inc. 
to commercialize this technology. 
Contact Drs. Richard Meagher 
meagher@uga.edu or Zachary Lewis 
zlewis@uga.edu for more information.
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