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Metastasis: Cause of >90% cancer-related deaths

Goal: Capture and kill cancer cells in circulation, before onset of 
metastasis

MetastasisX

Primary tumor: 
treatable via surgery 

Metastasis: difficult 
to treat, detect
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E-selectin(ES)/TRAIL
Liposome Synthesis

Hydration Extrusion

TRAIL + E-selectin 
Liposomes

E-selectin Liposomes TRAIL Liposomes

His tagged E-selectin

His tagged TRAIL

Thin lipid film
Multilamellar
Liposome

Unilamellar
Liposome

ES: Liposome 
Adhesion to CTCs 

TRAIL: CTC
Apoptosis 

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 

ES/TRAIL Treats COLO205 
Under Shear Flow

ES 

ES/TRAIL 

g 

Flow Conditions: Shear rate: 188 s-1; Time: 120 min

Scale bar: 50 um 

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 
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ES/TRAIL Therapy Enhanced in 
Human Blood Under Flow

COLO 205 Flow Conditions
Shear rate: 188 s-1

Time: 120 min

Scale bar: 50 um
***P < 0.0001 

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 

ES/TRAIL Therapy Enhanced in 
Human Blood Under Flow

Shear rate: 188 s-1

Time: 120 min
**P < 0.001, ***P < 0.0001

Increasing Hematocrit 
Enhances Cancer Cell Killing

*P < 0.05

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 
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Functionalized Leukocytes 
Induce Apoptosis in Cancer Cells

Flow Conditions: Shear rate: 188 s-1;
Time: 120 min

**P < 0.001, ***P < 0.0001

ES/TRAIL Liposome 
Adhesion to Leukocytes 

Under Flow

Blue: nucleus
Green: liposome
Scale bar: 5 um

monocyte lymphocyte neutrophil

Mechanism of Therapeutic Delivery

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 

Target and Kill Cancer Cells 
in Mouse Circulation

Red: Leukocyte
Yellow: COLO 205
Scale bar: 20 um

Green: Liposome
Scale bar: 50 um

C57BL/6 mouse

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 
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Target and Kill Cancer Cells 
in Mouse Circulation

*P < 0.01 
**P < 0.001 

***P < 0.0001

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 

Multiphoton Imaging of Cancer 
Cells Lodged in Mouse Lung
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sTRAIL BufferGreen: COLO 205
Yellow: Lung tissue
Scale bar: 80 um

*P < 0.01 
**P < 0.001 

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 
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ES/TRAIL Induces Apoptosis 
in Cancer Cells In Vivo

ES/TRAIL sTRAIL

ES Buffer
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Green: COLO 205
Red: Annexin-V

Red arrow: COLO 205
Blue arrow: Apoptotic COLO 205

**P < 0.001 

M.J. Mitchell, E. Wayne, K. Rana, C.B. Schaffer, M.R. King. Proc Natl Acad Sci. 111(3): 930-935 

Conclusions

• ES/TRAIL liposomes target and kill cancer cells under 
flow, and is enhanced in human blood under flow.

• Leukocytes functionalized with ES/TRAIL under shear in 
human blood, which target and induce apoptosis in 
cancer cells.

• ES/TRAIL functionalized leukocytes target and kill cancer 
cells in mouse circulation.

• Current work is focused on demonstrating therapeutic 
effects in a spontaneous metastasis model in mice.
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