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To develop and implement magnetic particle imaging 
for the detection and quantification of cancer cells in 

vitro and in vivo

METHODS
ANIMAL MODEL: Experiment 1: 2.5x105 and 
5.0x105 iron labeled human brain seeking 
breast cancer cells (231BR) were intracardially 
injected using ultrasound guidance into the left 
ventricle of NSG (NOD/SCID/ILIIrg-/-) mice 
(n=4). Mice exsanguinated following MRI 
scans. Experiment 2: 5x10 5 4T1BR cells 
labelled with either Vivotrax or Bangs bead 
were injected into mice before being imaged 
using MRI and then MPI.

Importance: MPI has never been used to track cancer cells 
in the brain. The major benefit of MPI is the ability to quantify 
the number of iron labeled cells directly from the images.

MRI vs MPI: MPI is able to detect and quantify iron signal in 
mice brains when mice are injected with cells as low as 
5x105

Ongoing work: (1) Optimize cell labelling for MPI by testing 
out different iron nanoparticles and cells types (2) decrease 
point spread function artifact (3) track immune cells in vivo

MRI PROTOCOL: Brain images acquired on 
Day 0 immediately after injection.

• 3T MRI with gradient coil insert, custom-built 
mouse RF coils 

• Balanced steady-state free precession 
(bSSFP) sequence (~30 minute scan time)

• Quantified images for percentage of black 
pixels in the brain, representing arrested iron 
labeled cells

MPI PROTOCOL: Brain scans acquired after 
exsanguination.

Experiment 1:
• 2D Default (~3 minute scan time)
Experiment 2:
• 3D High Sensitivity ( ~ 55 minute scan time)
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Magnetic Insight 

We hypothesize that MPI will be able to directly 
detect and quantify iron labeled cells with greater 

sensitivity than MRI

• Magnetic Resonance Imaging (MRI) is a great tool 
for cell tracking, however, MRI lacks sensitivity and 
is difficult to quantify

• Magnetic Particle Imaging (MPI) is an emerging 
molecular imaging technique that directly detects 
superparamagnetic iron oxide nanoparticles 
(SPIOs)1

• MPI can only detect these iron nanoparticles, 
resulting in high signal contrast and sensitivity

• The signal from MPI is linearly quantifiable, so we 
can tell how much iron has accumulated in a sample

CONCLUSIONS

Figure 3: (A) 3T MRI 
at Robarts 
(B) MomentumTM MPI 
System

Figure 6: (A) Comparing 
percentage of black 
pixels in mice brains with 
5x10 4 MPIO labeled 
4T1BR cells using MRI 
(B) to MPI signal of the 
same mouse (C) MRI of 
mouse brain injected with 
5x10 4 Vivotrax labeled 
4T1BR cells (D) no 
signal detected when 
same brain was scanned 
with MPI.

Figure 1: Schematic comparing the differences in 
magnets in the MRI vs MPI

Figure 2: Chart comparing Vivotrax and Bangs beads iron 
oxide nanoparticles.
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Figure 4: (A) MRI of mouse with 2.5x10 5 cells (B)
MRI of mouse with 5.0x10 5 iron labeled 231BR cells.
(C) MPI of mouse with 2.5x10 5 cells (D) MPI of
mouse with 5.0x10 5 iron labeled 231BR cells.
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