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Abstract

A pretargeted oncologic positron emission tomography (PET) imaging that leverages the power of 

supramolecular nanoparticles with in vivo bioorthogonal chemistry was demonstrated for the 

clinically relevant problem of tumor imaging. The advantages of this approach are that (i) the 

pharmacokinetics (PKs) of tumor-targeting and imaging agents can be independently altered via 
chemical alteration to achieve the desired in vivo performance and (ii) the interplay between the 

two PKs and other controllable variables confers a second layer of control toward improved PET 

imaging. In brief, we utilized supramolecular chemistry to synthesize tumor-targeting 

nanoparticles containing transcyclooctene (TCO, a bioorthogonal reactive motif), called 

TCO⊂SNPs. After the intravenous injection and subsequent concentration of the TCO⊂SNPs in 

the tumors of living mice, a small molecule containing both the complementary bioorthogonal 

motif (tetrazine, Tz) and a positron-emitting radioisotope (64Cu) was injected to react selectively 
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and irreversibly to TCO. High-contrast PET imaging of the tumor mass was accomplished after 

the rapid clearance of the unreacted 64Cu-Tz probe. Our nanoparticle approach encompasses a 

wider gamut of tumor types due to the use of EPR effects, which is a universal phenomenon for 

most solid tumors.
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Developing effective molecular imaging probes that can preferentially accumulate in tumors 

poses one of the major challenges in the field of oncologic imaging.
1–3

 Over the years, 

researchers have exploited various molecular mechanisms that facilitate preferential uptake 

of probes in tumors while minimizing nonspecific retention elsewhere in the body. Using 

tumor positron emission tomography (PET) imaging
4–7

 as an example, metabolic processes 

(e.g., glycolysis) that are often amplified in tumor cells constitute the biochemical 

mechanisms driven by the development of small-molecule probes, e.g., 2-deoxy-2-

[18F]fluoro-D-glucose.
8
 Aside from small-molecule PET probes, affinity ligand-based 

probes, including peptides,
9–13

 antibodies, and their engineered fragments,
14,15

 are gaining 

importance as molecular imaging probes, which have been employed to selectively 

recognize subpopulations of tumor cells with overexpressed surface receptors. Alternatively, 

the enhanced permeability and retention (EPR) effect,
16,17

 which facilitates accumulation of 

nanoparticle-based probes
18–23

 in tumors, has also demonstrated its utility in tumor PET 

imaging under preclinical settings. However, these various approaches employed for the 

development of PET imaging probes are constrained by the intrinsic pharmacokinetics (PKs) 

of their underlying molecular mechanisms and limited half-lives (T1/2) of positron-emitting 

radioisotopes, e.g., 18F (T1/2 = 109.7 min), 64Cu (T1/2 = 12.7 h), and 124I (T1/2 = 4.17 d).
24 

Since the tumor-targeting component and its radiolabeled reporter are often conjugated into 

a single agent in PET probes, the radiation signal may have significantly decayed by the 

time the probes achieve an optimal distribution in tumors. A promising solution to improve 

the performance of PET imaging probes may be capitalized by a pretargeted imaging 

strategy, which decouples the tumor-targeting agent from its radiolabeled reporter.
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Pretargeted imaging
25–27

 has been a well-established strategy used for several decades,
28–30 

and numerous studies have demonstrated its success in improving both optical
31,32

 and 

nuclear
33

 imaging. Ideally, in a pretargeted PET imaging system, the tumor-targeting agent 

needs to be engineered with PKs that facilitate preferential accumulation in tumors within a 

reasonable time frame. In parallel, the respective radiolabeled reporter should be designed 

with a different PKs that enable effective whole-body distribution and rapid clearance. In 

order to achieve successful pretargeted imaging, the radiolabeled reporter needs to 

selectively and irreversibly couple to the tumor-targeting agent. Bioorthogonal conjugation 

chemistry
34–40

 is an ideal solution due to its reaction specificity in living systems. In short, 

the advantages of pretargeted PET imaging strategy include (i) attenuating the PKs of both 

nanoparticles and radiolabeled imaging agents via rational molecular design to obtain 

optimal in vivo performances and (ii) modulating the interplay between the two PKs and 

other controllable variables (e.g., injection times, radioisotopes, dosage) to confer a second 

layer of control toward improved PET imaging performance. For example, antibody-based 

pretargeted radioimaging, where antibodies were regarded as the tumor-targeting agent and 

radioisotopes (i.e., 111In, 64Cu, and 18F),
41–44

 was incorporated into the corresponding 

radiolabeled reporters. Although applying an engineered antibody in conjunction with the 

pretargeted imaging strategy was able to achieve good tumor imaging performance, such an 

approach might be limited for detecting subpopulations of cancer cells with an 

overexpressed surface marker; thus, developing new imaging probes capable of targeting 

universal tumor phenotypes (e.g., leaky tumor vascular structures that lead to the tumor EPR 

effect) could offer an alternative solution. The feasibility of nanoparticle-based pretargeted 

tumor imaging has been demonstrated using mesoporous silica nanoparticles
45

 in 

conjunction with a bioorthogonal chemistry based on strain-promoted alkyne azide 

cycloaddition (k2 = 0.01–1 M−1·s−1).
46

 It is conceivable that by replacing the alkyne–azide 

bioorthogonal reaction with a more reactive one based on inverse electron-demand Diels–

Alder reaction (k2 ≈ 104 M−1·s−1)
39,46

 an improved pretargeted imaging performance can be 

achieved.

Herein, we introduce a new approach (Figure 1) for pretargeted oncologic PET imaging that 

leverages the power of in vivo bioorthogonal chemistry and a supramolecular nanoparticle 

(SNP) vector pioneered by our research group.
47

 In this approach, a reactive bioorthogonal 

motif (trans-cyclooctene, TCO; inverse electron-demand Diels–Alder reaction, k2 ≈ 104 

M−1·s−1)
39,46

 is encapsulated into an SNP vector to provide TCO⊂SNPs with a uniform size 

of ca. 100 nm (Figure 1a). TCO⊂SNPs can then serve as a tumor-targeting agent that 

promises preferential accumulation in tumors as a consequence of the EPR effects (Figure 

1b). The supramolecular synthetic strategy confers a dynamic nature
47,48

 to the self-

assembled TCO⊂SNPs. After TCO⊂SNPs are accumulated in tumor, tumor-retained 

TCO⊂SNPs can disassemble to release a TCO-grafted molecular building block, TCO-

grafted cyclodextrin-polyethylenimine polymer (TCO/CD-PEI, Supporting Information 

Section 1; Figure 1c), for bioorthogonal ligation with a complementary bioorthogonal motif 

(i.e., a tetrazine group, Tz) on the subsequently injected radiolabeled reporter (64Cu-Tz, 

Supporting Information Sections 2 and 3; Figure 1d). The resulting dihydropyrazine (DHP) 

conjugation adduct 64Cu-DHP/CD-PEI confines radioactivity in the tumor, resulting in 
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high-contrast tumor PET imaging after rapid clearance of free 64Cu-Tz from the animal 

(Figure 1e–g).

RESULTS AND DISCUSSION

The supramolecular strategy is capable of accurately controlling the sizes, surface chemistry, 

zeta potentials, and payloads of the SNP-based vectors and has demonstrated its powerful 

utility in a wide range of biomedical applications, e.g., PET imaging,
47,49

 magnetic 

resonance imaging (MRI),
50

 photothermal treatment of cancer cells,
51

 and highly efficient 

delivery of genes,
48,52–55

 proteins,
55

 and drugs.
49,56

 We then employed a supramolecular 

synthetic strategy
47

 (Figure 2a) to prepare the tumor-targeting agent, 100 nm TCO⊂SNPs, 

via self-assembly from four molecular building blocks, i.e., TCO/CD-PEI, CD-PEI,
47 

adamantane-grafted polyamidoamine (Ad-PAMAM),
47

 and Ad-grafted polyethylene glycol 

(Ad-PEG).
47

 We note that the TCO-grafted molecular building block TCO/CD-PEI was 

prepared from an existing compound, CD-PEI (Figure S2 in the Supporting Information).
47 

By fine-tuning the mixing ratios among the four molecular building blocks, the sizes and 

surface chemistry that affect the PKs of TCO⊂SNPs can be precisely controlled.
47–49,52 

Transmission electron microscope (TEM) images (Figures 2b and S5) and dynamic light 

scattering (DLS) measurements (Figure 2c) show a spherical morphology and narrow size 

distribution for 100 nm TCO⊂SNPs (hydrodynamic size (DLS): 100 ± 20 nm, TEM: 90.9 

± 8.6 nm). Encapsulating the bioorthogonal TCO groups inside the nanoparticular spaces of 

TCO⊂SNPs offers three advantages: (i) overcoming the low water solubility of the 

hydrophobic TCO motif, (ii) enhancing the loading capacity of TCO motifs, and (iii) 

protecting the reactive TCO motifs from potential degradation over the course of delivery. 

As a result, the overall delivery efficiency of TCO motifs can be improved. In parallel, the 

radiolabeled reporter 64Cu-Tz can be prepared by a one-step radiometal labeling procedure 

from the respective precursor (tetrazine-DOTA; Supporting Information Section 3). After the 

EPR-driven accumulation of TCO⊂SNPs in a tumor, the tumor-retained TCO⊂SNPs can 

dynamically disassemble to release TCO/CD-PEI (Figure 1c).
47,48

 Subsequently, the 64Cu-

Tz is injected for bioorthogonal reaction with TCO/CD-PEI in vivo, yielding the 

dihydropyrazine conjugation adduct, 64Cu-DHP/CD-PEI. Therefore, radioactivity is locally 

confined to the tumor and can be visualized and semiquantified with PET imaging 

technology.

For pretargeted studies, sterilized TCO⊂SNPs (100 μg, equivalent to 1 nmol of TCO, 1 μg/

μL) were injected into mice via the tail vein. Xenografted mouse models were prepared by 

subcutaneously injecting U87 glioblastoma cells (2 × 106 cells) into the right shoulder of 

nude mice (Nu/Nu, n = 4). MicroPET imaging studies (Figure 3) were carried out when the 

tumors grew to 7 mm × 7 mm. After 24 h of TCO⊂SNPs distribution at the tumor site, 

freshly prepared and purified 64Cu-Tz (300 μCi of 64Cu, 100 μL, equivalent to 10 nmol of 

Tz) in saline was then injected via tail vein (Figure 3a). At various time points the 

anesthetized animals (n = 4) were positioned on the PET scanner bed, and a static PET scan 

was acquired for 10 min. As illustrated in Figure 3b, a strong PET signal was observed at the 

tumor site, indicating efficient formation of 64Cu-DHP/CD-PEI. The highest tumor to liver 

signal ratio appears at 24 h postinjection (p.i.), suggesting that nanoparticles were retained in 

tumor through the EPR effect (Figure 3c).
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To demonstrate the superiority of the pretargeted strategy, sequential injection of 

TCO⊂SNPs (100 μg) and 64Cu-Tz (300 μCi of 64Cu), we carried out two in vivo control 

studies, namely, (i) injection of the free radiolabeled reporter (64Cu-Tz) alone without any 

nanoparticles and (ii) SNP control, in which 64Cu-Tz reacted with TCO⊂SNPs first to 

form 64Cu-DHP⊂SNPs prior to injection and subsequent imaging of the 64Cu-DHP⊂SNPs 

product. Figure 4 details the experimental timeline implemented for the pretargeted imaging 

strategy and the two control studies, i.e., free radiolabeled reporter (64Cu-Tz) and SNP 

control (64Cu-DHP⊂SNPs); the imaging time point, 24 h p.i. of 64Cu-Tz, was determined 

from a preliminary pretargeted study (Figure 3). The mice (n = 4) were first placed into a 

microPET scanner (Focus 220, Siemens Preclinical Solutions, Knoxville, TN, USA), 

immediately followed by an X-ray computed tomography (CT) scanner (MicroCAT II, 

Siemens Preclinical Solutions, Knoxville, TN, USA) to acquire combination PET/CT 

images. Mice were kept warm at all times, immobilized using 1–2% isoflurane inhalent 

anesthesia, and positioned using a common imaging chamber for both systems. PET images 

were obtained at ~1.8 mm resolution using filtered back projection, and CT images were 

acquired with 0.2 mm voxels for a resolution of ~0.4 mm. Representative microPET/CT 

fused images of xenografted mice in the pretargeted, SNP control, and free radiolabeled 

reporter (64Cu-Tz) studies are shown in Figure 4a–c. In the case of the pretargeted studies, 

the accumulation and retention of radioactivity occurred mainly in the tumor and liver with 

some nonspecific uptake in normal tissues, thereby demonstrating improved tumor-imaging 

performance in contrast to that obtained by the SNP control studies. We note that the high 

radioactivity observed in the liver for all three studies partially reflects the well-known 

demetalation (i.e., dissociation of 64Cu2+ from the DOTA ligand; Supporting Information, 

Figure S5) of the 64Cu2+-labeled reporter (64Cu-Tz).
57

 Presumably, this issue can be 

overcome by using a radioisotope (e.g., 18F) that is covalently attached to the radiolabeled 

reporter.

After PET/CT scanning (24 h p.i. of PET probes), mice were euthanized and their major 

organs and tumors were excised to provide quantitative ex vivo biodistribution of the PET 

probe. The organs and tumors were weighed, and radioactivity was counted by a gamma 

counter (PerkinElmer, Waltham, MA, USA) to determine the percent injected dose per each 

gram of organ tissue (% ID/g). As shown in Figure 5, the tumor/liver radioactivity uptakes in 

all three studies were 16/17 (pretargeted; the value is consistent with the tumor to liver 

signal ratio shown in Figure 3c), 3.5/24 (SNP control), and 1.6/3.7 (radiolabeled reporter) 

percent injected dose per gram of tissue (% ID/g) at 24 h p.i. The radioactivity in blood 

stayed approximately the same in both the pretargeted study (2.6%) and the SNP control 

(2.7%), whereas the radioactivity in blood for the free probe 64Cu-Tz was much lower (1.6% 

ID/g) due to its quick clearance out of the body (Supporting Information, Figure S7 and S8). 

The pretargeted study had the highest percent injected dose in the tumor, indicating the 

occurrence of a bioorthogonal ligation reaction between TCO/CD-PEI and 64Cu-Tz as a 

result of confinement of 64Cu-DHP/CD-PEI in the tumor. In addition, the tumor to blood 

ratio for the pretargeted study is over 3-fold higher than that for the SNP control and the free 

radiolabeled reporter (Figure 5b), quantitatively confirming that the observed improvement 

in imaging quality can be achieved by our pretargeted PET imaging approach.
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CONCLUSION

We have demonstrated a new pretargeted imaging approach that leverages the power of 

supramolecular nanoparticles and in vivo bioorthogonal chemistry to achieve superb 

preclinical oncologic PET imaging. In contrast to conventional imaging approaches, the 

pretargeted strategy decouples a tumor-targeting agent (i.e., TCO⊂SNPs) from a 

radiolabeled imaging agent (64Cu-Tz). Compared to previous pretargeted approaches based 

on monoclonal antibodies, our nanoparticle approach encompasses a wider gamut of tumor 

types due to the use of the EPR effect, which is a common phenomenon in most solid 

tumors. As opposed to traditional nanoparticle-based imaging platforms, which usually end 

up with high liver uptake but weak tumor uptake, our approach already shows approximately 

equivalent uptake in both tumor and liver. We hope that our pretargeted approach will 

change the current paradigm in oncologic imaging, providing a robust improved 

methodology for researchers and clinicians to pursue.

MATERIALS AND METHODS

Materials

Reagents and solvents were purchased from Sigma-Aldrich (St. Louis, MO, USA) and used 

as received unless otherwise noted. 1-Admantanamine hydrochloride and β-cyclodextrin 

were purchased from TCI America (San Francisco, CA, USA). First-generation 

polyamidoamine dendrimer with 1,4-diaminobutane core and amine terminals in 20% by 

weight methanol solution was purchased from Dendritic Nanotechnologies, Inc. (Mount 

Pleasant, MI, USA). N-Hydroxysuccinimide (NHS)-functionalized methoxyl polyethylene 

glycol (mPEG-NHS, MW = 5 kDa) was obtained from NANOCS Inc. (New York, NY, 

USA). CD-grafted branched polyethylenimine (CD-PEI), CD-grafted transcyclooctene 

polyethylenimine (TCO/CD-PEI), Ad-grafted PAMAM (Ad-PAMAM), and Ad-grafted 

polyethylene glycol (Ad-PEG) were prepared via the method previously reported by our 

group.
47

 Phosphate-buffered saline (PBS) was obtained from Invitrogen (Carlsbad, CA, 

USA).

Synthesis of TCO/CD-PEI

To a solution of CD-PEI (1.6 mg, 0.1 μmol, 1.0 equiv) in NaHCO3 buffer solution (pH 8.4) 

was added TCO-NHS 9 (0.35 mg, 1.0 μmol, 10.0 equiv) in DMF (100 μL), and the reaction 

mixture was stirred at room temperature for 6 h. After the reaction was complete, the 

mixture was purified by dialysis (Slide-A-Lyzer dialysis cassette, MWCO 10 kDa) against 

DI water overnight and lyophilized to yield TCO/CD-PEI. More synthetic details and 

structural analysis (NMR and MS) are described in Supporting Information Section 1.

Preparation of 64Cu-Tz

All liquids were pretreated with Chelex-100 (Bio-Rad, Hercules, CA, USA) to remove trace 

metal contaminants. The positron-emitting isotope 64Cu (copper chloride in 0.1 mol/L HCl; 

radionuclide purity, >99%) was provided by Mallinckrodt Institute of Radiology 

(Washington University School of Medicine, St. Louis, WA, USA). The DOTA-conjugated 

tetrazine was dissolved (1 mg/mL) in 0.2 M ammonium acetate pH 6.0 and stored at −80 °C 
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before use. An aliquot of DOTA-conjugated tetrazine was combined with a suitable amount 

of [64Cu]copper chloride and incubated for 10 min at 50 °C. Then, 5 μL of 10 mM DTPA 

was added, and the solution was incubated for additional 5 min. Radiochemical purities 

greater than 98% were obtained using this method, as confirmed by radio-HPLC (Figure 

S4). The specific activity of 64Cu-Tz was estimated to be 300 mCi/μmol.

Preparation of TCO⊂SNPs

To a solution of Ad-PEG (150 μg) in 150 μL of PBS buffer was slowly injected Ad-PAMAM 

(5 μg) in 10 μL of DMSO via a Hamilton syringe under vigorous stirring. A 100 μL amount 

of PBS buffer containing CD-PEI (50 μg) and TCO-CD-PEI (50 μg) was sequentially added 

into the mixture to obtain TCO⊂SNPs.

Characterization Methods of TCO⊂SNPs

Dynamic Light Scattering—DLS experiments were performed with a Zetasizer Nano 

instrument (Malvern Instruments Ltd., United Kingdom) equipped with a 10 mW helium–

neon laser (λ = 632.8 nm) and a thermoelectric temperature controller. Measurements were 

taken at a 90° scattering angle. The hydrodynamic size of the TCO⊂SNPs was measured by 

using DLS. The sizes were obtained by averaging the values of three measurements.

Transmission Electron Microscopy—The morphology and sizes of TCO⊂SNPs were 

examined using a transmission electron microscope. The studies were carried out on a 

Philips CM 120 electron microscope, operating at an acceleration voltage of 120 kV. The 

TEM samples were prepared by drop-coating 2 μL of sample suspension solutions onto 

carbon-coated copper grids. Excess amounts of solution were removed by filter papers after 

45 s. Subsequently, the samples were negatively stained with 2% uranyl acetate for 45 s 

before TEM studies. Sizes were determined by averaging the measured value from 100 

single TCO⊂SNPs in TEM images.

In Vivo microPET/CT Imaging

Mice were purchased from Jackson Laboratory (Bar Harbor, ME, USA). All animal 

manipulations were performed with sterile techniques and were approved by the University 

of California at Los Angeles Animal Research Committee. Xenografted mouse models were 

prepared by subcutaneously injecting U87 glioblastoma cells (2 × 106 cells) into the right 

shoulder of nude mice (Nu/Nu). Micro-PET/CT imaging studies were carried out when the 

tumors grew to 7 mm × 7 mm (n = 4/group).

MicroPET imaging was performed with a microPET FOCUS 220 PET scanner (Siemens 

Preclinical Solutions, Knoxville, TN, USA). All mice were anesthetized 15 min prior to 

imaging by using 1.5–2% isoflurane in a heated (30 °C) induction chamber and then 

transferred to a heated isolation/imaging chamber. PET images were reconstructed by 

filtered back projection. Results indicated that the highest tumor/liver PET signal occurred at 

24 h postinjection.

Immediately after the microPET scan, mice underwent a 10 min MicroCAT II CT scan 

(Siemens) using routine image acquisition parameters. The microCT scan was used for 
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anatomical localization of the tissue concentrations of the 64Cu over time by microPET. 

After scanning, tumors and major organs were excised, weighed, and counted in a gamma 

counter (Cobra II AutoGamma, Packard, IL, USA).

Pretargeted Study (64Cu-Tz/TCO⊂SNPs)

Sterilized TCO⊂SNPs (100 μg, equivalent to 1 nmol of TCO, 1 μg/μL) were injected into 

the mice (n = 4) via the tail vein; the volume used for the tail vein injections was ~150 μL. 

After 24 h, freshly prepared and purified 64Cu-Tz (300 μCi of 64Cu, 100 μL, equivalent to 10 

nmol of Tz) in saline was then injected via tail vein. Combined micro-PET/CT images were 

taken at various times p.i. of 64Cu-Tz (Figures 3 and 4a).

SNP Control Study (64Cu-DHP⊂SNPs)

The 64Cu-DHP⊂SNPs were prepared as described in the Supporting Information. The 

sterilized adduct, 64Cu-DHP⊂SNPs (100 μg, 1 μg/μL), was injected into the mice via the tail 

vein; the volume used for the tail vein injections was ~150 μL. Combined micro-PET/CT 

images were taken at 24 h p.i. of 64Cu-DHP⊂SNPs (Figure 4b).

Free Radiolabeled Reporter Study (64Cu-Tz)

Freshly prepared and purified 64Cu-Tz (300 μCi of 64Cu, 100 μL, equivalent to 10 nmol of 

Tz) in saline was systemically injected via tail vein. Combined micro-PET/CT images were 

taken at 24 h p.i. of 64Cu-Tz (Figure 4c).

Ex Vivo Studies

At the termination time point of PET imaging studies, major organs were weighed and 

radioactivity was counted by a gamma counter (PerkinElmer, Waltham, MA, USA) to 

determine the percent injected dose per each gram of organ tissue. The ex vivo 
biodistribution data comparing the quantified radioactivity in various organs for each study 

are summarized in Figure 5. Data are presented as mean ± standard deviation (n = 4).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic representation of a new approach for pretargeted PET imaging that leverages the 

utilities of supramolecular nanoparticles (SNPs) and bioorthogonal chemistry: (a) 

Supramolecular synthetic strategy is employed for preparing the tumor-targeting agent 

(TCO⊂SNPs); (b) after intravenous injection, the tumor EPR effect drives preferential 

accumulation of TCO⊂SNPs in tumor; (c) after TCO⊂SNPs have accumulated in tumor, 

TCO⊂SNPs disassemble to release a TCO-grafted molecular building block, TCO/CD-PEI; 

(d) a radiolabeled reporter (64Cu-Tz) is then injected for bioorthogonal reaction with tumor-

retained TCO/CD-PEI; (e) the unreacted 64Cu-Tz was cleared quickly from the body; (f) the 

resulting dihydropyrazine (DHP) conjugation adduct (64Cu-DHP/CD-PEI) confines 

radioactivity in tumor, resulting in high-contrast tumor PET imaging. (g) Chemical 

structures of the bioorthogonal reactions between TCO/CD-PEI and 64Cu-Tz.
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Figure 2. 
(a) Schematic summary of the supramolecular synthetic strategy employed for preparation 

of the tumor-targeting agent (TCO⊂SNPs). (b) Transmission electron microscope image. (c) 

Dynamic light scattering measurement of TCO⊂SNPs.
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Figure 3. 
(a) Timeline of the injection protocol employed for the pretargeted study. (b) MicroPET 

images of the pretargeted study at various time points. (c) Ratio of PET tumor signal to liver 

signal of xenografted mice from the preliminary pretargeted study (n = 4).

Hou et al. Page 14

ACS Nano. Author manuscript; available in PMC 2016 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Timeline of the injection protocol employed for (a) pretargeted, (b) SNP control (64Cu-

DHP⊂SNPs), and (c) free radiolabeled reporter (64Cu-Tz) studies. Representative in vivo 
microPET/CT images of the mice (n = 4/group) subjected to the three studies at 24 h p.i. 

Labels T, L, K, and B refer to the tumor, liver, kidney, and bladder, respectively. Dashed 

lines correspond to the transverse cross-section through the center of each tumor mass, 

whose image is shown in the right panel.
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Figure 5. 
(a) Quantitative ex vivo biodistribution data comparing radioactivity in various major organs 

among the pretargeted group, SNP control (64Cu-DHP⊂SNPs) group, and radiolabeled 

reporter (64Cu-Tz) alone group at the termination time point. (b) Ratios of tumor-to-organ 

signals in the three groups. Data are presented as mean ± standard deviation (n = 4).
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