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Combating drug resistance in acute 
myeloid leukemia with a ceramide-based 
therapeutic 
MEDICAL UNIVERSITY OF SOUTH CAROLINA

Researchers at the Medical University of South 
Carolina Hollings Cancer Center have discovered a 
mechanism that confers resistance to drugs used 
to treat certain types of acute myeloid leukemia 
(AML). Targeting this pathway with a novel lipid-
based therapeutic showed efficacy in a preclinical 
model of AML. These findings were reported in an 
article published in the October 13, 2016 issue of 
Blood.

"There are not many successful therapeutics at 
the moment for the treatment of patients with 
AML due to the problem of drug resistance," said 
Besim Ogretmen, Ph.D., SmartState Endowed 
Chair in Lipidomics and Drug Discovery at the 
Medical University of South Carolina (MUSC) 
Hollings Cancer Center and the senior author on 
the article. 

In the Blood article, Ogretmen and his colleagues, 
including clinicians at the MD Anderson Cancer 
Center who provided patient samples, report that 
ceramide-dependent mitophagy plays a key role in chemotherapeutic-mediated AML cell death. 

"Ceramide, a pro-cell death lipid, kills cancer cells by causing them to eat their own mitochondria," 
said Ogretmen. "This is called mitophagy."

Patient cells with the FLT3 mutation inhibit ceramide synthesis and thereby become resistant to cell 
death. To combat this resistance, a number of FLT3 inhibitors have been developed and trialed in 
patients with AML. 

"Unfortunately, regardless of the inhibitor, the problem of resistance to FLT3 targeted therapy has 
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persisted," said Mohammed Dany, MD/PhD student and the first author on the article. 

By adding a synthetic ceramide analogue, LCL-461, the researchers were able to reactivate 
mitophagy and kill drug-resistant AML cells in a dish. Mice with drug-resistant human AML tumor 
xenografts--that is, mice into which drug-resistant tumor cells from AML patients had been grafted-
were also treated with LCL-461. The treatment eliminated AML cells from the mice's bone marrow. 

LCL-461 has clinical appeal because it is able to specifically target cancer cells. A positively charged 
molecule, LCL-461 is attracted to the mitochondria of cancer cells, which become negatively charged 
through the "Warburg effect." This limits off-target effects that can occur with less specific inhibitors 
of FLT3 signaling. Previous studies in Ogretmen's laboratory have tested the safety of LCL-461, 
finding that it had no major side effects at therapeutically active doses. 

These results suggest the promise of LCL-461 as a potential therapeutic for patients with FLT3 
mutated AML. LCL-461 was developed at MUSC in the Lipidomics Core. The MUSC Foundation for 
Research Development, MUSC's technology transfer enterprise, has patented it and licensed it to 
Charleston-based startup SphingoGene, Inc. 

Ogretmen and his colleagues are next seeking to perform large animal studies with LCL-461 to 
achieve Investigational New Drug (IND) approval, poising LCL-461 for translation. 

"We are very excited about this. Head and neck cancers also respond to this drug very well," said 
Ogretmen. "What we are trying to do is really cure cancer one disease at a time, and we are digging 
and digging to understand the mechanisms of how these cancer cells escape therapeutic 
interventions so that we can find mechanism-based therapeutics to have more tools for treatment." 

###

About MUSC

Founded in 1824 in Charleston, The Medical University of South Carolina is the oldest medical 
school in the South. Today, MUSC continues the tradition of excellence in education, research, and 
patient care. MUSC educates and trains more than 3,000 students and residents, and has nearly 
13,000 employees, including approximately 1,500 faculty members. As the largest non-federal 
employer in Charleston, the university and its affiliates have collective annual budgets in excess of 
$2.2 billion. MUSC operates a 750-bed medical center, which includes a nationally recognized 
Children's Hospital, the Ashley River Tower (cardiovascular, digestive disease, and surgical 
oncology), Hollings Cancer Center (a National Cancer Institute designated center) Level I Trauma 
Center, and Institute of Psychiatry. For more information on academic information or clinical 
services, visit musc.edu. For more information on hospital patient services, visit muschealth.org.

About MUSC Foundation for Research Development
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FRD has served as MUSC's technology transfer office since 1998. During that period, FRD has filed 
patent applications on more than 400 technologies, resulting in over 150 U.S. issued patents. 
Additionally, FRD has executed more than 150 licenses and spun out more than 50 startup 
companies. MUSC startups have had products approved by the FDA and acquired by publicly traded 
corporations while attracting substantial investment dollars into South Carolina. Innovations from 
MUSC, including medical devices, therapies and software, are positively impacting health care 
worldwide. Please visit us online at frd.musc.edu. 
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