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Inter-tumor heterogeneity
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Woman with T3 (52 mm) NO left breast invasive
ductal carcinoma, SBR grade 1, ER +++, PR +++,
c-erbB-2-, p53 wild-type.
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Woman with T4 (extension to chest wall) NO
invasive ductal carcinoma measuring 52 mm,
SBR grade 3, triple-negative, mutated p53.

Eur J Nucl Med Mol Imaging 38:426-435 (2011)
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The Standardized Uptake Value
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Tracer Compartmental Analysis




Intra-tumor Heterogeneity
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Non-Genetic Heterogeneity

Gene regulation networks Cell cycle

The network Network states State space within the epigenetic landscape
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How do Quantitative PET Measurements Relate
to Individual Cell Parameters?

Cancer cells
+ Stromal cells
+ Immune cells

1 SUV number

Radionuclide Imaging: The Ultimate
Heterogeneity is at the Single-Cell Level
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J. Nucl. Med. Technol. 33(2), 2005, pp. 69-74
Nucl. Med. Biol. 31(7), 2004, pp. 875-882




Spatial Resolution for Radionuclide Imaging

Positron emission tomograph Digital autoradiography
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A “radioluminescence microscope”

Light source Scintillator: CdWO4

Fitter I
Aperture & Density: 7.9 g/cm?

Condenser — —— X
Cell Effective Z: 64
medium ~ Light yield: 15,000

- e photons / MeV
Radioluminescence/ lonization Hygroscopic: No

track Scintillator

Afterglow: No
P .

Imaging system
]
. EM-CCD camera
Fitter NN 1024x1024 pixels
T::f > Cooled @ -70°C

T Water 40X, 1.3 NA objective
i cooling Live cell imaging
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A digital image acquisition scheme

Track analysis:

1{\3 - scintillator
ioniz%Z

focal plane

[ J
annihilation

imaging dish photon
short positron
track

Imaging scheme:
Repeat N times long positron
track

3. Estimate 4. Agreggate

decay
locations G. Pratx et al. INM (in press)

1. Brightfield 2. Radioluminescence 2. Extract
microscopy microscopy tracks

FDG uptake in single cells

FDG (420 uCi/ml)

1. Seed 104 4T1 H 2.Fast(1h) & H 3. Wash out & H
cells incubate (1 h) image (5 min)
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5 min

Brightfield FDG (reconstruction)
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FDG uptake in single cells

FDG (420 uCi/ml)

1. Seed 10% 4T1 H 2.Fast(1h) & H 3. Wash out & H
cells incubate (1 h) image (5 min)
-
— 5 min
-

Overlay

FDG uptake in single cells

FDG (420 uCi/ml)

1. Seed 10% 4T1 H 2.Fast(1h) & H 3. Wash out & H
cells incubate (1 h) image (5 min)
-
— 5 min
-
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http://bionumbers.hms.harvard.edu
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Timelapse imaging of FDG uptake: Protocol

Seed 10* MDA- Timelapse:
MB-231 cells 10images/h
(24 h) & fast (1 h) + FDG (5 uCi)

HH

Influx

5 min

+ FDG (400 pCi) wash out

5 min
-

T=-1h T=0h

Note: Video available on PLOS One


Note: Video available on PLOS One
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Tracer kinetic modeling: Influx

brightfield radioluminescence (timelapse, 10 images / h)
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G. Pratx et al. PLOS One 2012

Efflux of FDG from live cells

Oh

Note: Video available on PLOS One


Note: Video available on PLOS One
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Tracer kinetic modeling: Efflux

brightfield radioluminescence (timelapse, 10 images / h)
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G. Pratx et al. PLOS One 2012

Pitfalls of Bulk Cell Measurements
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Tissue Section Imaging: Zr89-Rituximab in the Spleen

Poriartorial
Iymphatic sheath
White pulp | ¢rogs-saction)
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Tissue Section Imaging: Zr89-Rituximab in the Spleen

Conclusions

Radioluminescence microscopy is a new imaging technique
that can sensitively and quantitatively characterize the uptake
of small molecules in heterogeneous populations of single

cells.

We are applying it to relate macroscopic parameters
measured by PET to cellular parameters that are specific to
cellular function, disease state, and response to therapy.
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