
Fig. 1: In vitro 19F loading densities of hNK cells labeled with 3 PFPE concentrations for 24 hours, measured by NMR. The loading density, 3.6±0.5⨯1011 19F atoms/cell, was saturated by 4 mg/mL PFPE, which was then chosen for subsequent experiments. 

Fig. 2: The minimum detection limit was determined to be 1.2⨯105 hNK cells/voxel from 19F MR signal in 5 vials with 1, 2, 3, 4 and 8 million hNK cells labeled with 4 mg/mL of PFPE. A 5·σNoise threshold was chosen and its intersection with the data’s linear fit determined the detection limit. 
A: 

Fig. 3: In vivo quantification of the 19F MR signal following intratumoral injection. A: 19F MR images overlaid onto 1H anatomical images. 19F signal remained localized within tumor over 7 days. A 19F reference vial with 2.3⨯1016 19F atoms/mm3 was placed in the field of view. B: Estimated in vivo quantification of hNK cells from 19F MR signal for all four time points.  
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TARGET AUDIENCE: Researchers interested in the tracking and quantification of cellular-based immunotherapies with 19F MRI   
PURPOSE: 19F MRI may improve the efficacy of cellular-based immunotherapies by enabling longitudinal detection and quantification of 19F-labeled immune cells after infusion.1,2,3 Intracellular 19F-labeling of human natural killer (hNK) cells allows for successful longitudinal detection in vivo.4 The goals of this study were to optimize the 19F-loading density of hNK cells, determine a minimum detection limit using in vitro 19F MRI, and quantify the number of 19F-labeled hNK cells in vivo over time after an intratumoral injection.   
METHODS: hNKs labeled with a perfluoropolyether (PFPE) (Celsense Inc., Pittsburgh PA) were washed, counted, and either distributed into vials or injected intratumorally into a lymphoma-bearing mouse anesthetized with ketamine/xylazine. 19F NMR spectra were acquired on hNK cells labeled with different PFPE concentrations using a 9.4 T NMR system (Agilent Technologies, Santa Clara, CA) with a 9.0 s TR, 90° flip angle, and 128 averages. Trifluoroacetic acid was used as a 19F chemical shift and quantification standard. In vivo data were acquired on a 4.7 T Agilent MRI with a multi-echo, multi-slice spin echo sequence (2000 ms TR, 9.0 ms TE, 1.1⨯1.1⨯2.0 mm3 voxel size, 16 echoes, 12 slices, 40 averages, ~42 minute scan) at 3 hours, 1 day, 3 days, and 7 days post-injection of PFPE-labeled hNK cells. An external reference vial with a known 19F spin density was placed contralateral to the tumor for in vivo quantification. A home-built 19F quadrature volumetric coil was used to acquire both the 19F and T1-weighted GRE 1H images for anatomical reference. Quantification involved ROI-based analysis on the 19F MR images measuring the total 19F signal in vivo from hNKs and the mean 19F signal in the reference above a signal threshold of 5 times the standard deviation of the background noise (5·σNoise).   
RESULTS AND DISCUSSION: For a 24 hour incubation time, saturation of the 19F-loading density was achieved using 4 mg/mL PFPE labeling concentration, yielding 3.6±0.5⨯1011 19F atoms/hNK cell (Figure 1). The 19F signal per voxel varied linearly with the number of hNK cells (Figure 2). A linear fit determined the extrapolated minimum detection limit to be 1.2⨯105 hNK cells/voxel based on a noise threshold of 5·σNoise. In vivo quantification results found 7 days after an initial injection of 7⨯106 hNK cells, 60-70% of hNKs were detected by 19F MRI. (Figure 3).   
CONCLUSIONS: hNK cells can be successfully imaged and quantified in vivo with intra-tumor 19F signal persistence out to 7 days post-injection. The 19F loading density for hNKs at 4 mg/mL PFPE is an order of magnitude less than those reported for other types of immune cells2,3 resulting in a minimum detection limit of 1.2⨯105 hNK cells/voxel. A cross-validation of hNK cell persistence within tumor is needed post mortem to confirm 19F label does not leak from hNKs.   
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