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Abstract: C-Met is a receptor tyrosine kinase that is overexpressed in a range of different cancer 11 

types, and has been identified as a potential biomarker for cancer imaging and therapy. Previously, 12 

a 68Ga-labelled peptide, [68Ga]Ga-EMP-100, has shown promise for imaging c-Met in renal cell car- 13 

cinoma in humans. Herein, we report the synthesis and preliminary biological evaluation of an 14 

[18F]AlF-labelled analogue, [18F]AlF-EMP-105, for c-Met imaging by positron emission tomography. 15 

EMP-105 was radiolabelled using the aluminium-[18F]fluoride method with 46 ± 2% RCY and >95% 16 

RCP in 35-40 min. In vitro evaluation showed that [18F]AlF-EMP-105 has high specificity for c-Met 17 

expressing cells. Radioactive metabolite analysis at 5- and 30-min post-injection revealed that 18 

[18F]AlF-EMP-105 has good blood stability, but undergoes transformation – transchelation, defluor- 19 

ination or demetallation – in the liver and kidneys. PET imaging in non-tumour bearing mice 20 

showed high radioactive accumulation in the kidneys, bladder and urine, demonstrating that the 21 

tracer is cleared predominantly as [18F]fluoride by the renal system. With its high specificity for c- 22 

Met expressing cells, [18F]AlF-EMP-105 shows promise as a potential diagnostic tool for imaging 23 

cancer. 24 
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 26 

1. Introduction 27 

C-mesenchymal-epithelial transcription factor (c-Met) is a receptor tyrosine kinase 28 

that is activated by the hepatocyte growth factor (HGF). The aberrant activation of c-Met 29 

and dysregulation of the MET/HGF pathway can lead to cancer cell proliferation, tumour 30 

growth, and metastasis [1–4]. Multiple studies have shown that c-Met is overexpressed in 31 

a range of different cancers, including colorectal cancer [5], breast [6], lung [7], pancreatic 32 

[8], prostate [9], gastric [10], renal [11], ovarian cancer [12], melanoma [13], nervous sys- 33 

tem malignancies [14], and pediatric tumours [15]. making it a valuable target for cancer 34 

therapy. As a result, since 2010, four small molecule drugs – crizotinib, cabozantinib, tep- 35 

otinib and capmatinib, have been approved by the United States Food and Drug Admin- 36 

istration (US FDA) for cancer treatment by c-Met inhibition [1,16,17]. Apart from these, 37 

accelerated approval and Breakthrough Therapy Designation (BTD) were granted, re- 38 

spectively, for Amivantamab and telisotuzumab vedotin for the treatment of c-Met-over- 39 

expressing non-small cell lung cancer (NSCLC) [18,19], signifying the importance of c- 40 

Met as a biomarker. The MET/HGF pathway also positively regulates cancer stem cell 41 

enrichment and tumour aggressiveness due stem cell related resistance to therapy. [14,20]. 42 

In this regard, the development of probes for c-Met imaging would further aid in improv- 43 

ing diagnosis, patient selection, and assessment of patient response to c-Met targeted ther- 44 

apy. 45 
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A diverse range of probes for c-Met detection have been reported based on different 46 

imaging modalities, including fluorescence [21,22], magnetic resonance imaging (MRI) 47 

[23–26], and positron emission tomography (PET) [1]. Notably, a 26-amino acid cyclic pep- 48 

tide, GE-137 (now known as EMI-137, Figure 1), has been reported to be safe and effective 49 

for the detection of c-Met in fluorescence-guided colonoscopy study [22], intra-operative 50 

colonic tumour mapping [27], endoscopy [28], and image-guided surgery in human pa- 51 

tients [29,30]. Compared to these imaging modalities, PET offers several advantages, in- 52 

cluding high sensitivity, real-time imaging, and unlimited penetration depth, enabling the 53 

non-invasive detection of c-Met in vivo. A number of PET probes for imaging c-Met have 54 

been reported, and these are based on the HGF ligand, antibodies, peptides, and small 55 

molecules [1]. Although routine clinical use of PET tracers for c-Met detection has yet to 56 

be reported, peptide probes based on the structure of EMI-137 appear most promising. 57 

Notably, a gallium-68 (68Ga, t1/2 = 68 min, Eβ+, max = 1.9 MeV) analogue, [68Ga]Ga-EMP-100, 58 

showed favourable results in detecting metastatic renal cell carcinoma in recent human 59 

trials (SUVmax of 4.35, SUVmean of 2.52) [31]. A fluorine-18 (18F) labelled analogue of EMI-137, 60 

[18F]F-AH113804, has also been reported by Appitha et al. to show promise for imaging 61 

basal-like breast cancer (BLBC) in mice [2]. 62 

 63 

                  64 
Figure 1: Structure of EMI-137. Peptide sequence: AGSCYCSGPPRFECWCYETEGT- 65 

Cy5. 66 

 67 

Due to its ideal physical properties (18F, t1/2 = 110 min, Eβ+, max = 0.64 MeV), fluorine-18 68 

remains the most widely used isotope in PET imaging [32,33]. However, traditional meth- 69 

ods to incorporate the 18F isotope, such as that employed by Appitha et al., typically makes 70 

use of nucleophilic substitution reactions, which require specialist production equipment 71 

and expertise in 18F-fluorination chemistry [34,35]. Thus, we aim to develop a facile 72 

method to access an 18F-labelled analogue of EMI-137. We hypothesize that this could be 73 

achieved using the aluminium-[18F]fluoride ([18F]AlF) method reported by McBride et al., 74 

which combines the convenience of radiometal-based labelling, the favourable decay 75 

characteristics of fluorine-18 [36,37], and has the potential to be formulated into a kit [38]. 76 

With a recent study showing that [18F]AlF-NOTA-Octreotide outperforms its 68Ga coun- 77 

terpart for imaging SSTR2 [39], the results from this study could offer a valuable alterna- 78 

tive to [68Ga]Ga-EMP-100 for imaging c-Met. 79 

In this study, we aim to develop an [18F]AlF-labelled c-Met targeting agent, [18F]AlF- 80 

EMP-105, as an alternative imaging agent for cancer. It is expected that [18F]AlF-EMP-105 81 

shares similar biodistribution kinetics and radiation dosimetry as [68Ga]Ga-EMP-100. The 82 

metabolism of 68Ga- and [18F]AlF-labelled tracers are often not reported; instead, a simple 83 

EDTA method to assert potential for liver/kidney transchelation is conducted. However, 84 

this does not always fully translate to in vivo conditions. Failure to translate in vivo can be 85 

explained in a large part by overexpression of Cu-dependent proteins including superox- 86 

ide dismutase, caeruloplasmin and metallothionein, in liver and kidneys. As these pro- 87 

teins can impact disposition of tracers, we elaborate on this property of [18F]AlF-EMP-105. 88 

2. Materials and Methods 89 
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2.1. General considerations  90 

EMP-105 and EMI-137 were kind gifts from Dr Alex Gibson, Dr Christophe Portal 91 

and Niall Swanwick of Edinburgh Molecular Imaging Ltd . All reagents and solvents were 92 

used as purchased from commercial sources unless otherwise stated. HPLC grade ace- 93 

tonitrile, trifluoroacetic acid, DMSO and ethanol were purchased from Sigma Aldrich. 94 

Solid phase extraction (SPE) cartridges were purchased from Waters.  95 

Analytical radio-HPLC chromatograms were obtained using an Agilent 1200 series 96 

instrument equipped with a flow-ram detector (Lablogic, Sheffield, UK), and integrated 97 

using Laura 6 software (Lablogic, Sheffield, UK). Column: phenomenex AerisTM 3.6 μm 98 

WIDEPORE C4 200 Å. Mobile phase: 0.1% TFA H2O:MeCN 95:5 v/v to 5:95 v/v, 0.8 mL/min 99 

flow rate). 100 

For metabolite analysis, radio-HPLC chromatograms were obtained using an Agilent 101 

1100 system equipped with an in-line posiRAM metabolite detector (Lablogic, Sheffield, 102 

UK). The same column and mobile phase were used. 103 

2.2. Radiosynthesis of [18F]AlF-EMP-105 104 

Prior to usage, 18F- was trapped on a Sep-PAK Accell Plus QMA light cartridge (Cl- 105 

form, Waters, cat. No. WAT023525), and eluted with 0.9% w:v NaCl solution. 106 

EMP-105 in DMSO (50 nmol, 5 μL), 2 mM AlCl3 in 0.5 M NaOAc at pH 4.2 (25 μL, 50 107 

nmol), purified [18F]fluoride (300-400 MBq, 150 μL) and DMSO (200 μL) were mixed and 108 

incubated at 100 oC for 20 min. Upon completion, the reaction was diluted with 0.1% TFA 109 

in water (15 mL), trapped on a Sep-Pak tC2 Plus Light Cartridge (145 mg), washed with 3 110 

mL water, and eluted with ethanol (500 μL) in fractions (2-3 drops per fraction). The frac- 111 

tion with the highest radioactive concentration was used (typically fraction 2). tR [18F]AlF- 112 

EMP-105 = 8 min 17 s. EMP-105 was used to generate the calibration curve for molar ac- 113 

tivity calculations instead of [19F]AlF-EMP-105 (ESI, Figure S5). 114 

2.3. Stability tests 115 

A fraction of purified [18F]AlF-EMP-105 (10 MBq in ~10 μL EtOH) was incubated re- 116 

spectively in 1000 μL of EtOH, PBS, RPMI, human serum and EDTA (0.02 % in 0.5 mM 117 

DPBS) at 37 °C, and analysed by RP-HPLC at 1, 2, 3, and 4 h time points. For stability 118 

towards radiolysis, aliquots of >2 GBq of purified [18F]AlF-EMP-105 eluted from cartridge 119 

in ethanol (75% in 10mM H3P04) or formulated in PBS solution containing 7.5% ethanol 120 

and 5 mg/mL (10 mL) of 4-aminobenzoic acid (PABA) as radioprotectant was analysed by 121 

RP-HPLC. 122 

2.4. Cell culture 123 

H1975 (non-small cell lung cancer), HEPG2a (Hepatocellular carcinoma), HT29 (col- 124 

orectal cancer) were purchased from ATCC. OE21 (oesophageal squamous cell carcinoma) 125 

was obtained from Prof George Hanna. H1975 and OE21 cells were maintained in RPMI- 126 

1640 media (Sigma- Aldrich) supplemented with 10% fetal calf serum (Sigma-Aldrich), 127 

1% L-glutamine, and 2% penicillin/streptomycin (Sigma-Aldrich). HEPG2a and HT29 128 

cells were cultured in DMEM- (Sigma- Aldrich) containing 10% fetal calf serum, 1% L- 129 

glutamine, and 2% penicillin/streptomycin. All cell lines were cultured at 37 C and 5% 130 

CO2. 131 

2.5. Flow cytometry  132 

Approximately 500,000 cells were seeded in 6-well plates and cultured for 24 hours 133 

at 37 C and 5% CO2. Cells were washed with warm PBS and incubated with 50 nM EMI- 134 

137 for 1 hour at 37 C and 5% CO2. Subsequently, cells were washed with ice-cold PBS 135 

three times prior to sample acqusition via FACS Canto flow cytometer (Becton Dickinson 136 

Immunocytometry Systems) with FACS Diva Software version 4.0.2. Data obtained were 137 

analysed using FlowJo software v7.6 (FlowJo, LLC). Unstained controls were used to de- 138 

fine gates and adjust fluorescence compensation.  139 

2.6. Internalisation assay  140 
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H1975 cells were seeded in a 6-well plate at a seeding density of 500,000 cells/well, 141 

24 hours prior to performing internalisation assay. Cells were washed with warm PBS and 142 

incubated with 50 nM EMI-137 for 30 minutes hour at either 4 C or 37 C. Subsequently, 143 

cells were washed with ice-cold PBS three times. To determine internalisation levels at 4 144 

C and 37 C, surface-bound EMI-137 was removed by washing the cells with 50 mM of 145 

glycine prepared in 150 mM NaCl (Sigma) for 5 minutes followed by three washes with 146 

ice-cold PBS. To evaluate the internalisation dynamics of EMI-137, the incubation media 147 

(with EMI-137 at 4 C for 30 minutes) were replaced with warm fresh media and incubated 148 

for 5, 15, and 30 minutes at 37 C and 5% CO2. Cells were then washed with glycine as 149 

described above. Samples were acquired with FACS Canto flow cytometer (Becton Dick- 150 

inson Immunocytometry Systems). Data presented as mean Fluorescence Intensity (MFI). 151 

The internalised fraction was determined by subtracting the surface-bound EMI-137 from 152 

total EMI-137. Percentage of internalised fraction was calculated by dividing the amount 153 

of internalised EMI-137 by total-bound EMI-137 multiplied by 100%. Unstained controls 154 

were used to define gates and adjust fluorescence compensation.  155 

2.7. In vitro uptake of [18F]AlF-EMP-105 156 

Cells were seeded at appropriate densities (~500,000 cells/ well in a 6-well plate) and 157 

allowed to attach overnight. On the day of uptake, cells were washed three times with 158 

warm PBS and incubated with 1 mL of fresh media containing approximately 0.74 MBq 159 

of [18F]AlF-EMP-105, with or without 100x molar equivalent of EMI-137 (blocking com- 160 

pound), in a humidified condition with 5 % CO2 at 37 °C for 60 min. After 60 min of incu- 161 

bation, the cells were washed with ice-cold PBS (3x), then lysed in 1 mL of RIPA buffer for 162 

10 min on ice. Following this step, radioactivity from 800 μL of lysate from each sample 163 

was counted on a WIZARD2® Automatic Gamma Counter. To determine specificity of 164 

uptake, data were expressed as a percentage of radioactivity incorporated into cells, in 165 

untreated cells compared to cells blocked with EMI-137. 166 

2.8. In vivo PET imaging 167 

All animal experiments were performed by licensed investigators in accordance with 168 

the UK Home Office Guidance on the Operation of the Animal (Scientific Procedures) Act 169 

(ASPA) 1986 (HMSO, London, UK, 1990) and within the guidelines set out by the UK 170 

National Cancer Research Institute Committee on Welfare of Animals in Cancer Research 171 

[40]. Studies were conducted under Project License number 1780337. 172 

Female BALB/c mice (6-8 weeks old) were anaesthetized with 2% isoflurane/O2. Im- 173 

aging was performed using a Siemens Inveon small-animal multimodality PET/CT system 174 

(Siemens Healthcare Molecular Imaging). After completion of the CT scan, [18F]AlF-EMP- 175 

105 (4.6 ± 1.2 MBq) was injected intravenously via the lateral tail vein. Dynamic emission 176 

scans were acquired in list-mode format for 60 min on a dedicated small animal PET scan- 177 

ner (Siemens Inveon PET module, Siemens Medical Solutions USA, Inc.). Image data were 178 

processed as 0.5 mm sinogram bins, and 33 time-frames and reconstructed using 2D-or- 179 

dered subsets expectation maximization (2D-OSEM) algorithm with CT-based attenua- 180 

tion correction. The following frame durations were used: 12 × 5 s, 4 x 15 s, 6 × 30 s, and 181 

11 × 300 s. Images were analysed using Inveon Research Workplace software (Siemens 182 

Healthcare Molecular Imaging). PET and CT images were co-registered and used to draw 183 

3-dimensional regions of interests (ROIs) over tissues to obtain time-activity curves 184 

(TACs). Decay-corrected tissue time versus radioactivity curves (TACs) were generated 185 

and normalized to whole-body activity to obtain normalized uptake values (NUVs) [41]. 186 

2.9. Metabolite analysis 187 

In female BALB/c mice at 5 and 30 min p.i. of [18F]AlF-NOTA-EMP-105, four key tis- 188 

sues (blood plasma, liver, kidney and urine) were analysed for radioactive metabolites by 189 

radio-HPLC. The retention time of free [18F]fluoride and the parent compound [18F]AlF- 190 

EMP-105 were determined by injecting a pure sample each onto the metabolite radio- 191 

HPLC system.  192 
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The liver and kidneys were excised, and homogenised in ice cold MeCN:H2O (1 mL, 193 

1:2 v/v) using a Precellys tissue homogeniser fitted with Cryolys cooling module (Stretton 194 

Scientific Ltd, Derbyshire, UK). The homogenate was centrifuged (13000 g, 5 min), the 195 

supernatant was removed, filtered (0.22 μm syringe filter) and diluted in water prior to 196 

RP-HPLC analysis. Urine was diluted in water and filtered prior to HPLC analysis. 197 

Plasma was obtained from whole blood by centrifugation (2000 g, 10 min) to separate the 198 

blood cells from the plasma. Plasma were precipitated with ice cold MeCN:H2O (1 mL, 1:2 199 

v/v), and centrifuged (13000 g, 5 min) to pellet the proteins. The supernatant was filtered 200 

and diluted in water for radio-HPLC analysis. The HPLC injection loop was washed with 201 

MeCN:H2O 1:1 v/v (1 mL) and then 5:95 v/v (1 mL) between each injection. The extraction 202 

efficiency from each tissue sample was determined by counting the activity (Counts per 203 

minute, CPM) of a small aliquot (20 μL) of the supernatant of a known volume and the 204 

whole protein pellet, in a γ-counter.  205 

2.9. Ex vivo biodistribution  206 

Ex vivo biodistribution studies were carried out in the same animals that underwent 207 

PET imaging. Briefly, immediately after the PET scan, mice were sacrificed by exsanguin- 208 

ation via cardiac puncture and selected tissues were dissected and counted in a gamma- 209 

counter (Wizard 2480 Automatic Gamma Counter, Perkin Elmer). Radiotracer biodistri- 210 

bution were expressed as percentage of injected dose per gram of tissue (%ID/g). 211 

2.10. Statistical Analysis 212 

Data for radiolabelling were presented as mean values ± standard deviation (SD). In 213 

vitro uptake data were presented as mean ± standard error (SEM). Unpaired two-tailed t- 214 

tests from GraphPad Prism 7.0 were used to determine the significance in the experiments. 215 

Differences were considered statistically significant when p < 0.05. 216 

3. Results 217 

3.1. Radiochemistry 218 

The conditions for radiolabelling of EMP-105 are shown in Figure 2. For radiolabel- 219 

ling by the [18F]AlF method, the use of an organic co-solvent has been shown to increase 220 

reaction yield [42]. In this reaction, DMSO was chosen as the co-solvent because EMP-105 221 

is fully soluble. In contrast, the peptide was only sparingly soluble in most organic sol- 222 

vents such as MeCN, methanol and ethanol. 223 

 224 

Figure 2. [18F]AlF-labelling of EMP-105. 225 

To maximise the molar activity (Am) and isolated activity of [18F]AlF-EMP-105, opti- 226 

misation of the amount of precursor used in the reaction was conducted (Table 1). Expect- 227 

edly, both radiochemical conversion (RCC) and radiochemical yield (RCY) increased with 228 

increasing amounts of precursor. The moderate RCYs obtained in this study (20-50%) 229 

were consistent with reported yields for [18F]AlF-labelling using NOTA-chelators, which 230 

ranged from 25-58%, and was also shown to increase with increasing precursor amount 231 

[36,43,44]. Upon purification by solid-phase extraction, [18F]AlF-EMP-105 was obtained in 232 

>95% radiochemical purity (RCP) (ESI, Figures S1 and S2). Since 50 nmol of precursor gave 233 
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the maximum Am without significantly compromising reaction yield, further studies were 234 

done on this scale. A test for residual solvent was not assessed at this stage of the devel- 235 

opment, which will be included in future studies. 236 

Table 1. Optimisation of [18F]AlF-labelling of EMP-105 based on precursor amount, where the syn- 237 

thesis required 35-40 min. Data are presented as mean ± s.d., n = 3. 238 

Precursor amount 

(nmol) 

Radiochemical 

conversion (%)a 

Isolated Activity 

(MBq) 

Radiochemical 

yield (%)b 

Molar Activity 

(GBq/μmol) 

20 30 ± 3 48 ± 8 20 ± 3 2.4 ± 0.4 

50 56 ± 4 153 ± 20 46 ± 2 3.3 ± 0.5 

100 58 ± 2 168 ± 8 50 ± 5 1.7 ± 0.1 
a Determined by radio-HPLC. b Decay corrected to the start of synthesis. 239 

 240 

[18F]AlF-EMP-105 showed excellent stability in PBS, RPMI and human serum ex vivo 241 

at 37 oC, with 95%, 97% and 92% of the compound remaining intact in the respective media 242 

after four hours (ESI, Figure S3 and Table S1). Transchelation of the [18F]AlF2+ complex 243 

was also not observed when incubated with 100 equivalence of EDTA, with 98% of the 244 

tracer remaining intact after 4 h (ESI, Figure S3 and Table S1).  245 

 246 

3.2. In vitro uptake  247 

Four cancer cell lines were chosen to evaluate the specificity of [18F]AlF-EMP-105 for 248 

c-Met (Figure 3). The level of expression of c-Met for each cell line was first evaluated by 249 

flow cytometry by incubation with EMI-137 (Figure 3A). High uptakes of EMI-137 were 250 

observed for OE21, HT29 and H1975, whereas HEPG2a showed a low uptake and was 251 

used as a negative control. Although EMI-137 showed slightly higher uptake at 37 oC than 252 

4 oC, the difference was not significant (Figure 3B). Expectedly, internalisation of EMI-137 253 

in H1975 cells increased with time (Figure 3C). 254 

Upon identification of the c-Met expressing cell lines by EMI-137, radioactive uptake 255 

of [18F]AlF-EMP-105 was evaluated (Figure 3D). Gratifyingly, the difference in uptake of 256 

[18F]AlF-EMP-105 with and without blocking in HEPG2a cells were not significant. In 257 

comparison, all c-Met positive cell lines showed a significant decrease in uptake of 258 

[18F]AlF-EMP-105 when blocked with 100-fold of EMI-137.  259 

 260 

3.3. Metabolite analysis 261 

Encouraged by the positive in vitro findings, we evaluated the in vivo chemical fate 262 

of [18F]AlF-EMP-105. Metabolite analysis was conducted at 5- and 30-mins post-injection 263 

for the kidney, liver, blood plasma and urine (Table 2). The chemical forms of the accu- 264 

mulated radioactivity were identified by analytical radio-HPLC (Figure 4).  265 

[18F]AlF-EMP-105 remains largely intact in the blood plasma at 5- and 30-min p.i. 266 

(98.3 ± 1.1 and 93.3 ± 7.4 % respectively). However, in the kidney, liver and urine, almost 267 

none of the tracer remains, with a more polar radioactive species being detected at the 268 

solvent front (Figure 4). This polar species is likely to be free 18F- or [18F]AlF2+, which co- 269 

eluted at the solvent front when the two analytes were injected onto the same RP-HPLC 270 

system (data not shown). 271 
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 272 

Figure 3: In vitro fluorescent uptake results of EMI-137, determined by flow cytometry (A, B, C). (A) 273 

Uptake of EMI-137 after incubation at 37 oC for 1 h, showing OE21, HT29 and H1975 as c-Met posi- 274 

tive cell lines. (B) Uptake of EMI-137 in H1975 after incubation for 30 min at 4 and 37 oC. (C) Inter- 275 

nalisation of EMI-137 in H1975 at 0, 5, 15 and 30 mins at 37 oC. (D) Radioactive uptake data of 276 

[18F]AlF-EMP-105 after incubation at 37 oC for 1 h. Blocking studies were conducted by incubation 277 

with 100x excess of EMI-137. Data are presented as mean ± SEM. 278 

Table 2. Metabolite analysis in key tissues, showing percentage of [18F]AlF-EMP-105 remaining after 279 

5- and 30-min post injection. No urine sample was obtained at 5 min p.i. Data reported as mean ± 280 

s.d., n = 3. 281 

 Percentage of [18F]AlF-EMP-105 

remaining (%) 

Extraction efficiency (%) 

Tissue 5 min p.i. 30 min p.i. 5 min p.i. 30 min p.i. 

Plasma 98.3 ± 1.1 93.3 ± 7.4 50.1 ± 13.4  42.9 ± 25.4 

Kidney  9.8 ± 12.9 4.3 ± 4.3 56.1 ± 25.9 47.7 ± 31.2 

Liver 6.2 ± 10.8  0.4 ± 0.7 25.6 ± 11.7 31.9 ± 12.7 

Urine - 7.9 ± 9.2 - - 

 282 

3.4. In vivo kinetics and biodistribution studies 283 

Dynamic PET imaging was performed on healthy mice for 60 min post-injection (Fig- 284 

ure 5). The highest signal in the PET images were observed in the bladder, followed by 285 

the kidney. This was corroborated by ex vivo biodistribution studies, where the urine and 286 

kidney showed the largest concentration of radioactivity (428.1 ± 183.9 and 16.6 ± 7.4 287 

%ID/g, respectively). Notably, only minor bone uptake was observed (1.6 ± 0.5 %ID/g), 288 

suggesting that the free 18F- or [18F]AlF2+ produced does not re-enter the systemic circula- 289 

tion. Low liver uptake also signifies quantitatively limited uptake and transformation in 290 

this organ.  291 

Kinetic analysis of [18F]AlF-EMP-105 showed rapid tissue distribution, where activity 292 

in the heart, lung and liver peaked after 1 min (Figure 5C). Rapid clearance through the 293 

renal pathway was also observed, with the activity in the kidneys peaking at 2.5 min, and 294 

the bladder showing increasing uptake for the whole imaging period. 295 
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 296 

Figure 4. Representative radio-HPLC chromatograms of metabolites extracted from the plasma, 297 

liver, kidney, and urine at 30 min. Red peak at tR = 8 min 27 s represents [18F]AlF-EMP-105. 298 

 299 

 300 

 301 
Figure 5. (A) Representative maximum intensity projection image of [18F]AlF-EMP- 302 

105 PET scan (fused for 60 min) after injection of 4.6 ± 1.2 MBq of the tracer via the tail 303 

vein. (B) Ex vivo biodistribution of [18F]AlF-EMP-105 in key organs 60 min p.i., excluding 304 

urine (428.1 ± 183.9% ID/g) for clarity. (C) TACs of [18F]AlF-EMP-105 in vital organs. (D) 305 

Accumulation of radioactivity in key organs 30-60 min p.i. in vivo, normalized to whole- 306 

body activity. Data presented as mean ± SD, n = 3. 307 

 308 
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4. Discussion 309 

With c-Met emerging as an important therapeutic and imaging target [1], we aimed 310 

to develop a facile method to obtain a 18F-labelled probe for c-Met imaging by PET. A 311 

peptide-based probe analogous to EMI-137 was designed due to the promising results 312 

obtained from human trials with both the fluorescent-labelled EMI-137 and 68Ga-labelled 313 

[68Ga]Ga-EMP-100 peptides [22,31]. Using the [18F]AlF method developed by McBride et 314 

al. [36,45], we successfully synthesised [18F]AlF-EMP-105 with a moderate RCY (46 ± 2%) 315 

and excellent RCP (>95%). Both the RCY and Am obtained in this study were consistent 316 

with reported examples of [18F]AlF probes with NOTA chelators [36,46].  317 

With [18F]AlF-EMP-105 showing excellent in vitro stability, identification of c-Met ex- 318 

pressing cell lines (OE21, HT29 and H1975) and a negative control (HEPG2a) was carried 319 

out by flow cytometry. Subsequent radioactive in vitro uptake studies demonstrated that 320 

[18F]AlF-EMP-105 was specific for c-Met expressing cells. This was shown through block- 321 

ing studies with EMI-137, where OE21, HT29, and H1975 showed statistically significant 322 

decreases in uptake of [18F]AlF-EMP-105. In contrast, this was not observed for HEPG2a.  323 

Metabolic analysis highlighted the in vivo chemical fate of [18F]AlF-EMP-105. It was 324 

found that [18F]AlF-EMP-105 showed high stability in the plasma, with 98% and 93% re- 325 

maining intact after 5 and 30 min. Surprisingly, <5% of the tracer remained in the kidneys 326 

and liver after 5 min, where most of the accumulated radioactivity was found to be free 327 

18F- or [18F]AlF2+. This suggests that transchelation, demetallation and/or defluorination 328 

takes place in these tissues, causing the [18F]AlF-NOTA moiety to be transformed. Since 329 

the tracer does not show degradation when incubated with EDTA and human serum al- 330 

bumin, it can be inferred that these in vitro stability tests do not fully translate to in vivo 331 

conditions. Superoxide dismutase, caeruloplasmin and metallothionein, highly expressed 332 

in the hepatic and renal tissues, are candidate enzymes/proteins that can influence differ- 333 

ences in the in vitro to in vivo kinetic stability. 334 

In vivo and ex vivo analysis of the distribution of [18F]AlF-EMP-105 showed high ra- 335 

dioactive accumulation in the kidneys, bladder and urine. Thus, it is likely to be predom- 336 

inantly excreted by the renal pathway. The rapid distribution and low retention of 337 

[18F]AlF-EMP-105 in background organs is desirable in these studies, and the very high 338 

radioactivity in bladder would perhaps mandate future implementation of a bladder 339 

voiding routine as part of imaging studies. Of note, in the present protocol, mice were 340 

anaesthetised throughout from injection through scanning which affects voiding of urine. 341 

In comparison, the relatively low radioactive accumulation in the liver and gastroin- 342 

testinal excretions indicate that only a small percentage of the tracer is cleared by the 343 

hepatobiliary system. The low bone uptake (1.6 ± 0.5 %ID/g) suggests that the tracer has 344 

high in vivo systemic stability, consistent with reported [18F]AlF tracers [36,42,45,47], 345 

where values of 0.4-1.0% ID/g were observed for tracers using NOTA-derived chelators 346 

[36,48].  347 

Although metabolite analysis revealed that 18F- or [18F]AlF2+ were produced in the 348 

kidneys and liver, bone uptake remained low. This is despite the fact that 18F- and 349 

[18F]AlF2+ are known to accumulate in bone [49–51]; McBride et al. showed that a nearly 350 

identical distribution results from injection of [18F]AlF2+ or [18F]F-, with both species show- 351 

ing uptake in the spine ([18F]F-: 19.03 %ID/g, [18F]AlF2+ 19.88 %ID/g) [36]. One possible ex- 352 

planation is that the 18F- or [18F]AlF2+ produced remains trapped in the respective tissues, 353 

and is excreted without re-introduction into the systemic circulation. Given the low radi- 354 

oactive uptake of [18F]AlF-EMP-105 in the liver, it could be said that the extent and rate of 355 

transformation of the tracer in this organ is quantitatively limited. In comparison, the high 356 

radioactive accumulation in the kidneys and bladder indicates that for [18F]AlF-EMP-105, 357 

radioactivity is mainly excreted in the form of 18F- and/or [18F]AlF2+ via the urinary path- 358 

way. 359 

Whilst we have not done a head-to-head comparison with [68Ga]Ga-EMP-100, there 360 

are some general advantages of [18F]AlF-EMP-105 compared to its gallium-68 analogue 361 

(same binding peptide). With longer physical half-life and wider network of cyclotrons 362 
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manufacturing high gigabecquerel activity of fluorine-18, it is envisaged that [18F]AlF- 363 

EMP-105 will be a candidate for decentralized manufacture making it more accessible for 364 

routine clinical use. Furthermore, the lower positron energy of fluorine-18 (0.65 MeV) is 365 

at least theoretically advantageous in relation to spatial resolution compared to much en- 366 

ergetic gallium-68 (1.90 MeV). 367 

One limitation of this work is that the in vivo specificity and performance of [18F]AlF- 368 

EMP-105 for c-Met imaging was not evaluated. Thus, future work will focus on determin- 369 

ing the efficacy of the tracer for detecting c-Met in vivo using suitable tumour models. 370 

Another possible improvement would be to use the pentadentate 1,4,7-triazacyclononane- 371 

1,4-diacetate (NODA) chelator instead of the hexadentate 1,4,7-triazacyclononane-1,4,7- 372 

triacetate (NOTA) chelator [45,48], which has been proven to increase radiochemical yield 373 

to >95%. This is because the coordination sphere of the [18F]AlF2+ complex would be com- 374 

pleted by 5 additional donors, whereas a 6th donor arm on NOTA would compete with 375 

the [18F]fluoride, decreasing reaction yield.  376 

Automation of the radiosynthesis of [18F]AlF-EMP-105 could also be attempted, 377 

which can produce a larger radioactive dose of the tracer and increase its molar activity. 378 

The stability of [18F]AlF-EMP-105 to radiolysis could also be evaluated at higher radioac- 379 

tive concentrations. 380 

5. Conclusion 381 

We report the development of a facile and convenient method to access an 18F-la- 382 

belled tracer for imaging c-Met. Preliminary biological evaluations showed that [18F]AlF- 383 

EMP-105 binds specifically to a diverse range of c-Met-expressing cells in vitro, and has 384 

sufficient blood serum stability ex vivo and in vivo for c-Met imaging. These show that 385 

[18F]AlF-EMP-105 is a promising alternative to [68Ga]Ga-EMP-100. Future work would in- 386 

clude validating the diagnostic performance of [18F]AlF-EMP-105 using suitable tumour 387 

models in vivo. 388 

Supplementary Materials: The following supporting information can be downloaded at: 389 

www.mdpi.com/xxx/s1, Figure S1: title; Table S1: title; Video S1: title. 390 
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