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Abstract

Purpose: Lymphokine-activated killer T-cell-originated protein kinase (TOPK) is a fairly new 

cancer biomarker with great potential for clinical applications. The labeling of a TOPK inhibitor 

with F-18 can be exploited for positron emission tomography (PET) imaging allowing more 

accurate patient identification, stratification and disease monitoring.

Procedures: [18F]FE-OTS964 was produced starting from OTS964, a preclinical drug which 

specifically binds to TOPK, and using a two-step procedure with [18F]fluoroethyl p-

toluenesulfonate as a prosthetic group. Tumors were generated in NSG mice by subcutaneous 

injection of U87 glioblastoma cells. Animals were injected with [18F]FEOTS964 and PET 

imaging and ex vivo biodistribution analysis was carried out.

Results: [18F]FE-OTS964 was successfully synthesized and validated in vivo as a PET imaging 

agent. The labeling reaction led to 15.1±7.5% radiochemical yield, 99% radiochemical purity and 

high specific activity. Chemical identity of the radiotracer was confirmed by co-elution on an 

analytical HPLC with a cold labeled standard. In vivo PET imaging and biodistribution analysis 

showed tumor uptake of 3.06±0.30 %ID/cc, which was reduced in animals co-injected with excess 

blocking dose of OTS541 to 1.40±0.42 %ID/cc.

Conclusions: [18F]FE-OTS964 is the first TOPK inhibitor for imaging purposes and may prove 

useful in the continued investigation of the pharmacology of TOPK inhibitors and the biology of 

TOPK in cancer patients.
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Introduction

Lymphokine-activated killer T-cell-originated protein kinase (TOPK), also known as PDZ-

binding kinase (PBK), is a Ser/Thr protein in the mitogen-activated protein kinase-kinase 

family with a role in regulation of proliferation and cell cycle progression [1–3]. TOPK is 

overexpressed in a significant fraction of clinical cases of many cancer types, including 

breast [4], colorectal [5], leukemia and lymphoma [6, 7], ovarian[8], lung [9, 10], glioma 

[11, 12], and high TOPK expression correlates with poor prognosis, invasiveness, and 

propensity to form metastases [8, 9, 13–15]. In cancer cell lines, disruption of TOPK causes 

cytokinesis defects [16], chemosensitization [17], and radiosensitization by altering the 

G2/M checkpoint and increasing apoptosis [18]. TOPK overexpression into normal epithelial 

cells causes transformation in vitro and in vivo [5]. TOPK is considered to be a “consensus 

stemness ranking signature” gene in glioblastoma [19]. Furthermore, human TOPK is 

minimally expressed in normal adult tissues outside the testis, though it is highly expressed 

in placenta and many fetal tissues [20]. In mice, the TOPK ortholog is found to be expressed 

mainly in the central nervous system and liver. Despite more is yet to be discovered about 

the mechanisms underlying a role for TOPK in cancer development and susceptibility to 

curative therapy, its cancer-specific presence and its function make TOPK both an attractive 

target for drug discovery and a valuable cancer biomarker.

Based on the cancer specificity of TOPK expression, a radiolabelled TOPK inhibitor with 

the positron-emitting isotope F-18 could be used to image and monitor malignancies. First-

generation drugs have been developed to specifically inhibit TOPK: HI-TOPK-032 (IC50 of 

2 μM) [21], OTS514 (IC50 of 1.5 to 14.0 nM) and OTS964 (IC50 of 7.6 to 73.0 nM) [22], 

and ADA-07 [23]. Furthermore, Pantoprazole and Ilaprazole, two proton pump inhibitors, 

have been recently shown to target TOPK as well [24, 25]. Each of these compounds has 

been shown to specifically inhibit TOPK over other kinases and/or exhibit TOPK-dependent 

cell growth inhibition, and has shown promising preclinical results in animal models. None 

of these TOPK inhibitors has yet entered clinical trials apart for OTS514, which has been 

tested in a Phase I trail in acute myelogenous leukemia. Because of more detailed 

quantitative pharmacological data available and an extensive published structure-activity 

relationship (SAR) [8, 22, 26, 27], we chose to pursue labeling OTS514 and OTS964, which 

are identical except for the methylation of an amino group (Fig. S1, see Electronic 

Supplementary Material (ESM)). We decided to use a subcutaneous glioblastoma xenograft 

model due to the known high TOPK expression levels in glioblastoma [11, 19]. The U87 cell 

line was chosen due to its high levels of TOPK expression. Here, we report the synthesis and 

characterization of [18F]FE-OTS964, the first radiolabeled molecule for non-invasive 

interrogation of TOPK expression in vivo.

Materials & Methods

General

Chemicals were procured from commercial suppliers and used without further purification. 

4,7,13,16,21,24-Hexaoxa-diazabicyclo[8.8.8]hexacosane (K222), dry dimethyl sulfoxide 

(DMSO) over molecular sieves, dry acetonitrile over molecular sieves, ethylene glycol 

ditosylate, potassium carbonate, and miscellaneous chemicals were purchased from Sigma-
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Aldrich (St. Louis, MO). 2-fluoroethyl p-toluenesulfonate was purchased from TCI 

Chemicals America (Portland, OR). (R)-9-(4-(1-(dimethylamino)propan-2-yl)phenyl)-8-

hydroxy-6-methylthieno[2,3-c]quinolin-4(5H)-one (OTS964) and (R)-9-(4-(1-

aminopropan-2-yl)phenyl)-8-hydroxy-6-methylthieno[2,3-c]quinolin-4(5H)-one (OTS514) 

were purchased from Selleck Chemicals (Houston, TX). Water (>18.2 MΩcm−1 at 25 °C) 

was obtained from an Alpha-Q Ultrapure water system from Millipore (Bedford, MA). High 

performance liquid chromatography (HPLC) purification and analysis was performed on a 

Shimadzu UFLC HPLC system with a DGU-20A degasser, an SPD-M20A UV detector, an 

LC-20AB pump unit, and a CBM-20A communication bus module, with a LabLogic Scan-

RAM radio-TLC/radio-HPLC detector set up to detect radioactive signal. All HPLC 

purification was carried out on a semi-preparative HPLC (Phenomenex Gemini C18, 5 μm, 

10 × 250 mm, 3.5 ml/min 5–95% water:acetonitrile 18 min linear gradient, unless otherwise 

specified). LC-MS was performed on a Shimadzu LCMS-2020 (O1094900283SA) using a 

Water Atlantis T3 column (C18, 5 μm, 4.6 mm × 100 mm). Nuclear magnetic resonance 

analysis was performed on a Bruker 500 MHz spectrometer at the Memorial Sloan-Kettering 

Nuclear Magnetic Resonance Core Facility. All averages are presented as mean ± standard 

deviation. Doses of radiopharmaceuticals are expressed as decay-corrected to time of image 

acquisition. All injected dose calibrations for positron emission tomography (PET) images 

and biodistribution were corrected for partial paravenous administration by removing decay-

corrected activity remaining in the tail after 1.25 hours from the original estimate of injected 

dose. All animal experiments were performed in accordance with protocols approved by the 

Institutional Animal Care and Use Committee of Memorial Sloan Kettering Cancer Center 

(MSK) and followed the National Institutes of Health guidelines for animal welfare.

Chemistry

Synthesis of (R)-9-(4-(1-(dimethylamino)propan-2-yl)phenyl)-8-(2-fluoroethoxy)-6-

methylthieno[2,3-c]quinolin-4(5H)-one ([19F]FE-OTS964). OTS964 (14 mg, 0.03 mmol), 2-

fluoroethyl p-toluenesulfonate (12 μl, 15 mg, 0.07 mmol), Cs2CO3 (13 mg, 0.04 mmol), and 

dry DMSO (200 μl) were added to a nitrogen-flushed 4 ml vial along with a stir bar. The vial 

was flushed with nitrogen again, sealed, and heated to 60 °C for 1 hour. After removal of 

DMSO by lyophilization, the residue was extracted with CH2Cl2 and saturated sodium 

bicarbonate, the organic phase dried under gentle nitrogen and fractionated on semi-

preparative HPLC to yield [19F]FE-OTS964 (1 mg, 6.4% yield) after lyophilization as a 

white solid. Purity: 99% by analytical HPLC. tR = 14.4 min. 1H NMR of O-alkylated 

OTS964. 1H NMR (DMSO-d6, 600 MHz): δ 10.78 (s, 1H, -N(CH3)2H+), 9.19 (s, 1H, Ar-

NH), 7.63 (d, J = 5.4 Hz, 1H, -CHCHS), 7.45–7.39 (m, 2H, -CHAr), 7.26 (s, 1H, -CHAr), 

7.22 – 7.15 (m, 2H, -CHAr), 5.73 (d, J = 5.4 Hz, 1H, -CHCHS), 4.42 (ddd, J = 47.8, 7.5, 3.8 

Hz, 2H, -OCH2CH2F), 4.13 (ddd, J = 30.2, 4.5, 3.2 Hz, 2H, -OCH2CH2F), 3.46 – 3.36 (m, 

3H, Ar-CH(CH3)CH2-), 2.76 (dd, J = 28.7, 4.8 Hz, 6H, -N(CH3)2), 2.51 (s, 3H, Ar-CH3), 

1.31 (d, J = 6.7 Hz, 3H, -CH3). Identity by LC-MS analysis, ESI-MS (ES+) calculated for 

C25H27FN2O2S [M+H] m/z 439.4, found 439.18

Radiochemistry

No-carrier-added [18F]fluoride was produced by the 18O(p,n)18F reaction of 16.5 MeV 

protons incident on an O-18 enriched water target in a GE Healthcare PETTrace 800 
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cyclotron. To separate the [18F]fluoride in a form suitable for nucleophilic fluorination, the 
18O-enriched water containing [18F]fluoride was passed through an anion-exchange 

cartridge (Waters Sep-Pak QMA Light), which was then eluted with 2 ml of 11.95 mM K222 

and 20 mM K2CO3 in 4% H2O:acetonitrile into a kiln-dried V-vial. Water was removed 

azeotropically by heating at 120 °C under a gentle stream of nitrogen until almost no visible 

liquid remained. Subsequent radiosynthesis of [18F]FE-OTS964 was completed in two steps, 

using two HPLC purification steps to ensure high chemical and radiochemical purity and 

specific activity at each step. 2-[18F]fluoroethyl p-toluenesulfonate was prepared in dry 

acetonitrile (500 μl) by adding ethylene glycol ditosylate (5 mg) to the vial used to dry the 

[18F]fluoride. The vial was sealed, heated to 110 °C for 6 min under stirring, then cooled to 

room temperature, diluted with 500 μl of water, and purified on semi-preparative HPLC. The 

collected peak (16 min) containing 2-[18F]fluoroethyl p-toluenesulfonate was diluted 10:1 

with 35% ethanol, trapped on a Waters HLB Sep-Pak Plus, and eluted with 500 μl dry 

acetonitrile into the second reaction vessel already containing K2CO3 (3 mg) and stir bar. 

OTS964 (2 mg) was added as suspension in dry DMSO (100 μl) and heated to 120 °C. After 

10 min, 30 μL of 1N HCl was added; the solution was diluted with 1 ml of water and 

purified on HPLC. The collected peak (14 min) was diluted 10:1 with water, trapped on a 

Waters C18 Sep-Pak Light cartridge, eluted with 400 μl of ethanol, and diluted to <5% 

ethanol with sterile normal saline, affording [18F]FE-OTS964 in 15.1±7.5% overall decay-

corrected radiochemical yield (based on measuring isolated final product on a dose 

calibrator at the end of formulation), 99% radiochemical purity, and molar activity of >15 

GBq/μmol. No decomposition of the tracer was noted either in vitro or in vivo, suggesting 

sufficient stability. Synthesis was performed manually, starting with 150 mCi of 

[18F]fluoride as delivered by the cyclotron; radiochemical yields are calculated from the 

activity eluted from the anion exchange cartridge. The fraction collected during the first 

HPLC run (containing 2-[18F]fluoroethyl p-toluenesulfonate) was approx. 5 ml, and that 

collected during the second HPLC run (containing [18F]FE-OTS964) was approx. 4 ml. 

Yield of the first step was 51–60%. For the solid phase cartridges: QMA Light 0% flow-

through 5–30% retention; HLB Plus 10% flow-through 0% retention; C18 Light 0% flow-

through 10% retention. Cold chemistry was performed under different conditions leading to 

three different products (Supplementary Information). Synthesis was completed within 1.5 

half-lives from EOB. Final activity of labeled compound was 3–6 mCi. Specific activity is 

corrected to EOS.

Cell culture

U87 cells were kindly provided by Dr. Vladimir Ponomarev. Cells were maintained in 150 

cm2 tissue culture flasks in Eagle’s modified essential medium supplemented with 10% heat 

inactivated fetal bovine serum, 100 IU/mL penicillin, and 100 μg/mL streptomycin, stored in 

a cell culture incubator at 37 °C and 5% CO2 atmosphere, changing media every 2 days and 

passaging at 70% confluence.

Animal models

To generate mice with U87 tumors, twenty- to twenty-four-week old NOD scid gamma 

(NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ, n = 6, Jackson Laboratory, Bar Harbor, ME) mice were 

anaesthetized with 2% isoflurane in 2 l/min medical air, the right flank depilated and 1×106 
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U87 cells in 150 μl of 1:1 cell culture media:Matrigel (Corning, Corning, NY) were injected 

subcutaneously. Tumors were allowed to proliferate for three weeks, and reached a size of 

50–100 mm3.

Immunoblotting

To generate tissue whole protein extracts, organs were surgically resected from tumor-

bearing mice and incubated in RIPA buffer with protease inhibitors. Tissue was then lysed 

using a tissue homogenizer (OMNI GLH International) at 4 °C for 1 min. Lysates were run 

on a SDS-Page gel (BioRad). Bound antibodies were detected by developing film from 

nitrocellulose membranes exposed to chemiluminescence reagent. Antibodies: anti-TOPK 

(Sigma SAB5300406 clone 2C8, 1:1000), monoclonal mouse antibody, human reactive; 

anti-Vinculin (Abcam ab18058, 1:500).

Blood half-life

Blood half-life determination was performed in tumor-bearing mice which received 34 – 41 

μCi of [18F]FE-OTS964 (formulated in 50 μl, <5% ethanol in sterile normal saline) via 

injection into the retroorbital sinus under 2% isoflurane anaesthesia delivered via nose cone 

in 2 l/min medical air. Immediately after tracer injection, mice were allowed to recover from 

anesthesia, and blood was drawn at appropriate timepoints by pricking the tail vein with a 

sterile 27.5G needle and collecting blood using a previously weighed, heparin-coated glass 

capillary. Capillaries were weighed, activity counted on a gamma-counter (Wizard2 3” 2480, 

Perkin-Elmer, Waltham, MA) with internal fluorine-18 standards, and the data converted to 

%ID/g. Blood half-life data was processed by fitting a monoexponential decay function 

constrained to reach a plateau at y = 0.

PET imaging and biodistribution

PET imaging was performed on a Focus 120 microPET (Concorde Microsystems, 

Knoxville, TN), with animals under 2% isoflurane anesthesia delivered via nose cone in 2 

l/min medical air. A total of five mice were imaged for the study. The same animals were 

sacrificed after imaging for biodistribution analysis. After acquisition (10 min with >20 

million counts/scan) list mode emission data were sorted into 2-dimensional sinograms via 

Fourier rebinning; data were normalized to correct for non-uniform detector response, 

deadtime count losses, and positron branching ratio, but no attenuation, scatter, or partial-

volume averaging corrections were applied. Sinogrammed data were reconstructed into a 

128×128×95 matrix (0.87×0.87×0.77 mm voxel size) by filtered back-projection. Image 

counts per voxel per second were converted to activity concentrations (%ID/cc) using a 

system-specific calibration factor derived from imaging a mouse-sized water-equivalent 

phantom containing fluorine-18. Reconstructed data were processed and VOIs drawn using 

Inveon Research Workplace software (Siemens). After image acquisition, mice were 

sacrificed, their organs dissected into previously weighed culture tubes, the tubes weighed, 

activity counted on a gamma-counter (Wizard2 3” 2480, Perkin-Elmer, Waltham, MA) with 

internal fluorine-18 standards, and the data converted to %ID/g.
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Results

Synthesis

We chose to pursue [18F]fluoroethylation at the phenol oxygen on OTS964 (Fig. 1), since 

the published SAR indicated that conversion of this group to an alkyl ether did not perturb 

TOPK-dependent cell growth inhibition [26] (Fig. S2, see ESM). We confirmed the 

chemical identity of all three products by HPLC, LC-MS and NMR (Fig, S3 to S8, see 

ESM). The synthesis produced three different products (i) O-alkylated OTS964 (ii) N-
alkylated OTS964 (iii) O-,N-alkylated OTS964. Fluoroethylation of OTS964 with 2-

fluoroethyl p-toluenesulfonate produced the desired [19F]FE-OTS964 in 6.4% yield. 

[19F]FE-OTS964 eluted at 14.4 min, OTS964 eluted at 12.09 min on reverse phase HPLC, 

indicating good separation between the starting material and the product.

Production of radiolabeled [18F]FE-OTS964 was completed following the well-established 

procedure of [18F]fluoroethylation with 2-[18F]fluoroethyl p-toluenesulfonate [28]. 

Production of [18F]FE-OTS964 was accomplished in two steps (see QC chromatograms for 

production of 2-[18F]fluoroethyl p-toluenesulfonate in Fig. S9 in ESM) with two HPLC 

purifications to ensure high purity and molar activity at each step. The synthesis was 

completed with 15.1±7.5% overall radiochemical yield, with 99% radiochemical purity and 

acceptable molar activity. [18F]FE-OTS964 co-eluted with [19F]FE-OTS964 at 14.4 min on 

analytical HPLC, confirming their chemical identity (Fig. 2 and Fig. S6 in ESM).

Biochemistry

To demonstrate differential target expression underlying the possible high tumor-to-

background ratios achievable with TOPK imaging, we performed ex vivo immunoblotting of 

human TOPK using tissue from xenografted mice and U87 cultured cell protein extracts 

(Fig. S10 in ESM). No detectable human TOPK expression was found in liver, lung, spleen 

or kidney, but was detected in both cultured U87 cells and U87 xenografts.

PET imaging, biodistribution, and specificity

PET imaging (Fig. 3, complete images in Figure S11 and complete tabular VOI data in Table 

S1 in ESM) 1 h post-injection showed that regions of highest uptake were in the tumor, with 

unspecific uptake in the gallbladder, intestinal tract, spleen and bladder, indicating mixed 

hepatobiliary and renal clearance. These findings were confirmed by ex vivo biodistribution 

(Fig. 4a, complete tabular data in Table S2, ESM). Mean tumor uptake of [18F]FE-OTS964 

as determined by VOI quantification of PET images was 3.06 ± 0.30 %ID/cc, reduced in 

blocked animals to 1.40 ± 0.42 %ID/cc ([18F]FE-OTS964 + 5 mg/kg OTS514). Ex vivo 
biodistribution analysis determined mean tumor uptake of [18F]FE-OTS964 as 3.59 

± 0.27 %ID/g, reduced in blocked animals to 1.61 ± 0.002 %ID/g. Uptake of liver was 5.61 

± 1.30 %ID/g, spleen 16.0 3.67 %ID/g, small intestine 6.66 1.89 %ID/g, large intestine 4.73 

± 0.45 %ID/g, and kidney 5.59 0.68 %ID/g. Uptake in the clearing organs was not specific 

as no statistically significant difference between animals administered [18F]FE-OTS964 and 

animals administered an excess dose [18F]FE-OTS964 + 5 mg/kg OTS514 was detected; p-

values for unblocked vs blocked organs being 0.342 for heart (ns), 0.159 for liver (ns), 0.382 

for spleen (ns), 0.161 for muscle (ns), and 0.505 for bone (ns), except for kidney uptake, 
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which was reduced in blocked animals to 3.36 ± 0.15 %ID/g (0.022 p-value). Bone uptake 

was 2.6 ± 1.0 %ID/g in unblocked animals, without a statistically significant change in 

blocked animals.

Blood half-life

To determine the feasibility of [18F]FE-OTS964 as an imaging agent and validate choice of 

imaging timepoint, we determined its blood half-life in NSG mice (Fig. 4b). [18F]FE-

OTS964 was found to clear blood quickly with a monophasic half-life of 8.5 min.

Discussion

TOPK is a cancer biomarker that has recently raised increasing interest in the scientific 

community due to its multi-faceted role in cancer development, aggressiveness, and 

response to treatment as well as a potential predictor of therapeutic efficacy. In this study we 

established the feasibility of a radiolabeled TOPK inhibitor as an imaging agent for TOPK-

expressing tumors. The rationale behind that is the convenient tumor-to-normal tissue 

differential expression of TOPK. Tissue western blots ex vivo confirmed absence of TOPK 

expression in healthy tissues from normal adult mice, as opposed to detectable protein levels 

in tumor xenografts. Using 2-[18F]fluoroethyl p-toluenesulfonate as a prosthetic group, we 

sought to label the molecule without reducing its binding specificity. We determined on the 

basis of a published SAR that labeling on the phenol (-OH) would allow the molecule to 

retain its affinity and selectivity for TOPK.

Synthesis was successful and produced three different products (i) O-alkylated OTS964 (ii) 

N-alkylated OTS964 (iii) O-,N-alkylated OTS964, however optimizations remain to be 

performed to improve production of [18F]FE-OTS964 on an efficient routine basis. 

Screening combinations of base and solvent conditions could improve the yield of 

[18F]fluoroethylations with 2-[18F]fluoroethyl p-toluenesulfonate [28]. It may also be 

possible to improve the synthesis process by first conjugating ethylene glycol ditosylate to 

the inhibitor and perform the last one step of the F-18 labeling on the following day. This 

would increase purity of the final product and overcome the limitations of working with 

short half-life radioactive material. Another possibility is to adapt to a one-pot format with a 

single HPLC purification separating [18F]fluoroethylated from tosylethylated material. 

[18F]FE-OTS964 cleared from the blood quickly and accumulated in tumors to a level of 

3.06 ± 0.30 %ID/cc as measured in vivo by PET, and 3.56 ± 0.27 %ID/g as measured by ex 
vivo biodistribution. The lower measured values for PET are consistent with spill-out effects 

reducing apparent activity concentrations within the tumor. Reduction of tumor uptake with 

co-administration of a blocking dose reduced tumor uptake significantly, with tumor-to-

muscle ratios falling from 2.14 ± 0.07 in unblocked animals to 1.24 ± 0.0002 in blocked 

animals. Blocking-dependent changes in blood and kidney uptake are likely due to 

confounding hematological toxicity of the blocking dose, as OTS514 at a dose of 5 mg/kg 

has been shown to induce leukocytopenia with thrombocytosis [22]. Nonspecific bone 

uptake of 2.56 ± 0.99 %ID/g, which can also be seen in the PET images, indicates a limited 

degree of in vivo defluorination.
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PET imaging also shows unspecific uptake in the intestines, liver, kidneys and spleen, which 

might be due to excretion of the molecule. This is also supported by the inability of 

detecting human TOPK expression using ex vivo immunoblotting. However further studies 

on the anti-TOPK antibody need to be conducted in order to exclude its inability to detect 

mouse TOPK ortholog expression, even though this should not be a problem in a clinical 

setting, as TOPK tumor-specificity has been documented in the past in humans. Another 

explanation for unspecific effect of the blocking agent in the kidneys could be the observed 

levels of blocking in the blood (p-values of 0.022 and 0.011 for kidneys and blood, 

respectively). Hematopoietic cells toxicity has been previously demonstrated with TOPK 

inhibitors, and could be circumvented by liposomal formulation and delivery [22].

Despite these issues [18F]FE-OTS964 should prove to be a good starting point for 

developing a noninvasive TOPK imaging platform. From here, we will develop a TOPK 

inhibitor library and select promising tracers based on affinity, pharmacokinetics and target 

residence times. It is possible to speculate that, due to the tumor specificity of TOPK 

expression and its increasingly central role in the understanding of the many mechanisms 

underlying cancer development, invasion and therapy resistance, TOPK could be an 

excellent candidate for broad imaging applications. These would include in vivo PET 

imaging as well as optical imaging with the potential of developing a clinically applicable 

tool for improved diagnosis.

Conclusion

In the present study, we produced and characterized [18F]FE-OTS964, a F-18 labeled tracer 

for TOPK expression based on OTS964, a first-generation, selective inhibitor of TOPK. 

Specific uptake was observed in tumor, with favorable tumor-to-muscle ratios. [18F]FE-

OTS964 represents the first step towards noninvasive assessment of this highly promising 

biomarker. This study is the first step toward a clinically translatable radiolabelled TOPK 

inhibitor that may prove useful in unraveling the biology of TOPK and the pharmacology of 

its inhibitors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Scheme for radiochemical synthesis. [18F]FE-OTS964 was prepared by labeling OTS964 

with 2-[18F]fluoroethyl p-toluenesulfonate in a two-step reaction.
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Fig. 2: 
Confirmation of chemical identity of [18F]FE-OTS964 by analytical HPLC using a verified 

cold standard. a Radio-HPLC chromatogram of [18F]FE-OTS964; b UV-HPLC 

chromatogram of [19F]FE-OTS964; elution of both compounds at 14.4 min indicates 

identical chromatographic properties.
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Fig. 3: 
In vivo PET imaging of [18F]FE-OTS964 in U87 tumor-bearing NSG mice. a PET images 

(left to right: transverse, coronal, and sagittal) centered on the tumor in top (unblocked) mice 

injected with [18F]FE-OTS964 and bottom (blocked) mice injected with [18F]FE-OTS964 

+ 5 mg/kg OTS514. Arrows indicate tumor location. b VOI quantification of PET scans. 

Statistically significant differences were seen in mean voxel %ID/cc between blocked (black 

circles) and unblocked (red squares) mice. *Significant at p<0.05.
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Fig. 4: 
In vivo biodistribution, specificity and pharmacokinetics of [18F]FE-OTS964. a 
Representative data of gamma-counting biodistribution analysis of mice injected with 71–

141 uCi [18F]FE-OTS964 (unblocked, black bars) or 51–60 μCi [18F]FEOTS964 + 5 mg/kg 

OTS514 (blocked, red bars). b In vivo blood half-life of [18F]FE-OTS964 in NSG mice. 

*Significant at p<0.05, **significant at p<0.005.
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