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Ultrasensitive MRI detection of spontaneous pancreatic tumors with
nanocage-based targeted contrast agent
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In this study, small heat shock protein 16.5 (Hspl6.5)-based nanocages
conjugated to gadolinium(l11)-chelated contrast agents and iRGD peptides (which target neuropilin-1
expressed on pancreatic cancer cellsa were developed. To investigate whether template size
influences relaxivity, nanocages with one to four hydrophobic domains were designed. MRl data showed

that larger nanoca?es had higher T1 relaxivity than smaller nanocages, which resulted from a
reduction in molecular tumbling rates caused by an increase in nanocage size, and a robust cage
structure resulting from the introduction of hydrophobic domains. For in vivo MRl studies, molecular

MRI with protein nanocages was enabled to detect neuropilin-1-positive cells and to produce strong
signal enhancement of spontaneous pancreatic tumors in KPC genetically engineered mouse models.
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(A) Schematic representation and (B) subunit domain boundaries of the engineered Hsp16.5 nanocages. The nanocages were
chemically conjugated with Gd(I11)-DTPA on the interior surface and genetically modified with iRGD peptide on the exterior
surface. The light red rod indicates the helix domains in the N-terminal region (residues 1-33) of Hsp16.5. The green dots and lines
indicate the iIRGD peptide and hydrophilic linker (-(GGS)s-), respectively. The orange arrow indicates the Gly residue at position 41,
which was mutated to Cys residue for conjugation with Gd(I11)-DTPA-maleimide.line) or Alexa Fluor 488-labeled HSPG41 control
nanocages (green line) in the presence of 10% fetal bovine serum. Untreated control cells are displayed by a black line.
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Representative histograms of the fluorescence intensities of (A) AsPC-1 cells, (B) Suit-2 cells
and (C) HeLa cells incubated with fluorophore-labeled nanocages in the presence of 10% FBS
for 3h. (D) Confocal fluorescence microscopic observation of the uptake of 4-Nanocages in
AsPC-1 and HeLa cells. Images were obtained 3 h after addition of 4-Nanocage. (E) Uptake
inhibition assay of Alexa Fluor 488-labeled 4-Nanocages in the presence of excess iRGD
peptides. AsPC-1 cells were co-incubated with the nanocages (0.1 uM) and iRGD peptides (100
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