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GB2-Cy3 Glucose Bioprobe Synthesis  

 

Solvents were purchased from Caledon Laboratories (Caledon, Ontario), Sigma-Aldrich 

(Oakville, Ontario), or VWR Canada (Mississauga, Ontario). Other chemicals were 

purchased from Sigma-Aldrich, AK Scientific, Oakwood Chemicals, Alfa Aesar, or Acros 

Chemicals and were used without further purification unless otherwise noted. Anhydrous 

toluene, tetrahydrofuran (THF), diethyl ether, and N,N-dimethylformamide (DMF) were 

obtained from an Innovative Technology (Newburyport, United States) solvent purification 

system based on aluminum oxide columns. CH2Cl2, and acetonitrile were freshly distilled 

from CaH2 prior to use. Purified water was obtained from a Millipore deionization system. 

All heated reactions were conducted using oil baths on IKA RET Basic stir plates equipped 

with a P1000 temperature probe. Thin layer chromatography was performed using EMD 

aluminum-backed silica 60 F254-coated plates and visualized using either UV-light (254 

nm), KMnO4, vanillin, Hanessian’s stain, or Dragendorff’s stain. Preparative TLC was 

done using glass-backed silica plates (Silicycle) of either 250, 500, 1000, or 2000 μm 

thickness depending on application. Column chromatography was carried out using 

standard flash technique with silica (Silicycle Siliaflash-P60, 230−400 mesh) under 

compressed air pressure. Standard workup procedure for all reactions undergoing an 

aqueous wash involved back extraction of every aqueous phase, drying of the combined 

organic phases with anhydrous magnesium sulfate, filtration either using vacuum and a 

sintered-glass frit or through a glass-wool plug using gravity, and concentration under 

reduced pressure on a rotary evaporator (Buchi or Synthware). 1H Nuclear magnetic 

resonance (NMR) spectra were obtained at 300 or 500 MHz, and 13C NMR spectra were 
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obtained at 75 or 125 MHz on Bruker instruments. NMR chemical shifts (δ) are reported 

in ppm and are calibrated against residual solvent signals of CHCl3 (δ 7.26), DMSO-d5 (δ 

2.50) or methanol-d3 (δ 3.31). HRMS analyses were conducted on a Waters XEVO G2-XS 

TOF instrument with an ASAP probe in CI mode. Supplemental Scheme 1 illustrates the 

required steps for synthesis of the conjugatable dye Cy3-OH. 

Compound (100): (2-bromoethyl)-D-glucoside 

 

 
 

To a solution of glucose (5 g, 27.75 mmol) in 2-bromoethanol (30 mL, 0.417 mol) was 

added Dowex 50WX8-400 hydrogen form ion-exchange resin (5 g; the resin was washed 

with MeOH before use) and the reaction mixture was refluxed at 70 °C for 16 h and the 

reaction completion was monitored by TLC (2:1, ethyl acetate: hexanes). The reaction 

mixture was filtered to remove the resin, poured into methanol (10 mL) and dried (MgSO4). 

The resulting solution was filtered and concentrated under reduced pressure. After 

purification of the glycosylated compound by silica gel flash column chromatography (1:1, 

ethyl acetate: hexanes), the desired compound was obtained as a mixture of α and β 

anomers (6.24 g. 78% yield). The analytical data were consistent with the literature values 

(1). 
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Compound (101): (2-Bromoethyl)-2,3,4,6-tetra-O-benzoyl-α-D-glucoside 

 

Compound 100 (1.89 g, 6.58 mmol) was dissolved in a mixture of pyridine (40 mL) and 

4-DMAP (81 mg, 0.66 mmol) at 0 °C. Benzoyl chloride (6.1 mL, 53 mmol) was then added 

dropwise and the resulting mixture was allowed to warm to room temperature with stirring 

for 16 h. The mixture was quenched by the addition of methanol (10 mL) and subsequently 

extracted with ethyl acetate (3 × 20 mL); the combined organic extracts were washed with 

1 M HCl (2 × 10 mL), saturated sodium bicarbonate (1 × 10 mL), and brine (1 × 10 mL). 

The organic layer was dried (MgSO4), filtered and the solvent removed under reduced 

pressure. The resulting oil was purified using silica-gel chromatography (3:1 hexanes/ethyl 

acetate) to give compound 101 (3.4 g, 74% yield). The analytical data were consistent with 

the literature values (1). 

 

Compound (102): [2-(N-Boc-piperazynoethyl)]-2,3,4,6-tetra-O-benzoyl-α-D-glucoside  

 

To a solution of Compound 101 (1 g, 1.42 mmol) in 15 mL anhydrous DMF was added 

N-Boc-piperazine (529 mg, 2.84 mmol), potassium iodide (426 mg, 2.84 mmol) and Et3N 

(593 μL, 4.26 mmol), and the resultant mixture was stirred at 80 °C for 10 h. After the 

reaction was complete, as monitored by TLC, the solution was diluted with water (10 mL), 
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extracted with ethyl acetate (3 × 20mL) and the combined organic layers washed with brine 

(1 × 20 mL). The organic layer was dried (MgSO4) and concentrated under reduced 

pressure. The desired product was purified by silica-gel chromatography (95:3:2, CHCl3: 

EtOH: Et3N) to furnish a light yellow crystalline powder (680 mg, 59% yield). The 

analytical data was consistent with the literature values (1). 

 

Supplemental scheme 1. Overview of the synthesis of the conjugatable dye Cy3-OH. 
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Compound (103): 1,2,3,3-tetramethyl-3H-indolium iodide  

To a 0.3 M solution of 2,3,3-trimethylindolenine (5 mL, 

31.15 mmol) in MeCN (104 mL), was added iodomethane (2.23 

mL, 37.38 mmol) and the reaction was stirred at room 

temperature for 16 h, resulting in a pale pink precipitate. The 

precipitate was filtered and rinsed with Et2O (3 × 10 mL) to afford compound 103 (5.1 g, 

54% yield). The analytical data were consistent with the literature. 

 

Compound (104): (E)-1,3,3-trimethyl-2-(2-(N-phenylacetamido)vinyl)-3H-indolium 

iodide 

As per reference (2): To 1,2,3,3-tetramethyl-3H-indolium 

iodide, 103, (3 g, 9.96 mmol), N,N′-diphenylformamidine 

(2.44 g, 12.45 mmol), and potassium acetate (98 mg, 

0.996 mmol) was added 22.5 mL acetic anhydride and the 

mixture was heated for 5 h at 120 °C. The reaction was then allowed to cool to room 

temperature and the red precipitate was collected by filtration. The precipitate was washed 

repeatedly with Et2O until the filtrate was colorless providing compound 104 (2.7 g, 59%). 

Rf = 0.81 (DCM : MeOH = 4 : 1). The 1H NMR was consistent with the literature: 1H-

NMR (500 MHz, CDCl3, 23 °C) δ 9.19-9.16 (d, J = 14.2 Hz, 1H); 3.86 (s, 3H); 2.11 (s, 

3H); 1.83 (s, 6H) ppm (2). 
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Compound (105): 1-(4-Carboxybutyl)-2,3,3-trimethyl-3H-indolium bromide 

As per reference (2): To 5-bromovaleric acid (4.74 g, 

26.17 mmol) was added 2,3,3-trimethylindolenine 

(4 mL, 24.92 mmol) and the neat reaction was stirred for 

20 h at 110 °C. The reaction completion was determined 

when the solution had become a dark red solid and would no longer stir. The crude solid 

was ground up with a pestle and mortar to create a fine powder. The powder was placed on 

top of a filter paper in a Buchner funnel and was rinsed with boiling EtOAc (6 × 30 mL), 

boiling acetone (2 × 30 mL), and boiling acetone (2 × 90 mL) to yield compound 105 (5.43 

g, 64%) as an off-white, pink powder. Rf = 0.12 (DCM/MeOH = 3:1).  The 1H NMR was 

consistent with the literature: 1H NMR (500 MHz, CD3OD + 1 drop D2O, 23 °C)  7.90-7.87 

(m, 1H); 7.78-7.75 (m, 1H); 7.67-7.63 (m, 2H); 4.56-4.52 (t, J = 7.7 Hz, 2H); 2.44-2.40 (t, 

J = 7.0 Hz, 2H); 2.04-1.96 (m, 2H); 1.80-1.72 (m, 2H); 1.61 (s, 6H) ppm (2).  

 

Compound (106): 1-[(4″-(1″-Carboxybutyl))]-1′,3,3,3′,3′-pentamethyl-

indocarbocyanine iodide, “Cy3-OH,” (2) 

As per reference (2): To a flame-dried flask containing 

104 (0.73 g, 1.59 mmol), 105 (0.54 g, 1.59 mmol), and 

potassium acetate (0.156 g, 1.905 mmol) was added 

anhydrous 1-butanol under a nitrogen atmosphere (2). 

The solution was stirred at 100 °C for 1.5 h.  NaI (4.58 

g, 30.53 mmol) was then added to the flask and the reaction was stirred at 100 °C for a 

further 1 h. The reaction was cooled to room temperature and a precipitate formed 
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overnight. The precipitate was filtered using a Buchner funnel and then rinsed repeatedly 

using Et2O until the filtrate was colorless. The precipitate was collected and dissolved in 

DCM to give a dark purple solution. The crude mixture was purified by silica-gel flash 

column chromatography using a gradient elution starting at 9:1 DCM/MeOH (v/v) to 4:1 

DCM/MeOH (v/v) to give the title compound 106 (543 mg, 60% yield). Rf = 0.66 (4:1 

DCM/MeOH). max 546 nm.27 The 1H NMR was consistent with the literature 1H NMR 

(500 MHz, CDCl3, 23 °C) δ 8.34-8.27 (dd, J = 14, 13 Hz, 1H); 7.35-7.29 (m, 4H); 7.22-

7.16 (m, 2H); 7.11-7.07 (m, 2H); 6.78 (dd, J = 14 Hz, J = 14 Hz, 2H); 4.13 (bt, 2H); 3.71 

(s, 3H); 2.47 (bt, 2H); 1.85 (m, 4H); 1.65 (s, 6H) . 

 

Supplemental scheme 2. Synthetic strategy for the preparation of GB2-Cy3 
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Compound (107): Tert-butyl-4-(2-(((2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-

(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethyl)piperazine-1-carboxylate 

As per  reference (3): To a solution of 104 (66.4 

mg, 0.0821 mmol) in MeOH (3.3 mL) was 

added MeONa (~0.5 M in MeOH, 1.22 mL, 

0.611 mmol) and the reaction completion was 

determined by TLC (100% MeOH). After the reaction was complete, the mixture was 

neutralized with Dowex 50WX8-400 hydrogen form ion-exchange resin (1 scoop the size 

of a pea), and then concentrated under reduced pressure. The residue was dissolved in a 

minimal amount of MeOH and the methyl benzoate ester was removed using a silica plug 

(25 mL SiO2) washed with three 25 mL portions of Et2O. Between each Et2O portion, the 

filtrate was monitored by TLC to ensure only the methyl benzoate was being eluted (Rf = 

0.9 to 1.0, 100% Et2O). Unlike reference (3), the compound was isolated. The desired 

compound, 107, was then eluted using MeOH (25 mL) and the solvent removed under 

reduced pressure (26.4 mg, 82% yield). The 1H NMR was consistent with the expected 

spectrum (3).  

 

Compound (108): (2R,3S,4S,5R,6S)-2-(hydroxymethyl)-6-(2-(piperazin-1-

yl)ethoxy)tetrahydro-2H-pyran-3,4,5-triol (3). 

As per reference (3): 1:1 Trifluoroacetic acid (5.5 mL, 

excess) in DCM (5.5 mL) was added to compound 107 

(50 mg, 0.1274 mmol) for 1 h followed by evaporation 

and purging with nitrogen. Unlike reference (3), the 
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compound was isolated. The resulting residue was washed with toluene (3 × 5 mL) and 

decanted to remove any residual TFA. Any residual toluene was removed under reduced 

pressure to give compound 108 (18.6 mg, 50% yield). The 1H NMR was consistent with 

the expected spectrum (3). 

 

Compound (109): GB2-Cy3  

As per reference (1) with modifications: 

Compound 108 (20 mg, 0.0684 mmol) in DMF 

(300 μL) was slightly basified with DIPEA (20 

μL) and Cy3-OH (106) (30.3 mg, 0.0684 

mmol) and EDC (7 mg, 0.046 mmol) added as 

a solution in DMF (50 μL). The reaction mixture was stirred at room temperature for 2 h 

and the reaction was monitored by TLC. The resulting solution was purified by prep high 

performance liquid chromatography (HPLC) and the elution protocol is as listed: 1) 95% 

eluent A and 5% eluent B for 5 min, 2) linear gradient to 60% eluent A (40% B) over 4 

min, 3) linear gradient to 50% eluent A (50% B) over 10 min, 4) linear gradient to 5% 

eluent A (95% B) over 10 min, 5) linear gradient to 0% eluent A (100% B) over 5 min, 6) 

constant flow with 0% eluent A (100% B) for 10 min, and 7) linear gradient to 95% eluent 

A (5% B) over 10 min for regeneration and washing of the column. Retention time = 12 

min, scanning for a max 546 nm to give GB2-Cy3 (109) (17 mg, 35% yield). The 1H NMR 

was consistent with the literature: 1H NMR (500 MHz, CD3OD) δ 8.55 (t, J = 13.5 Hz, 

1H), 7.54 (d, J = 7.5 Hz, 2H), 7.47–7.30 (m, 6H), 6.45 (dd, J = 13.4, 9.0 Hz, 2H), 4.20–

4.17 (m, 2H), 4.08–4.05 (m, 1H), 3.83–3.80 (m, 3H), 3.67 (s, 3H) 3.63–3.42 (m, 12H), 
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2.57–2.54 (m, 2H), 1.97–1.79 (m, 6H), 1.78 (s, 6H), 1.77 (s, 6H) ppm (1). Supplemental 

Scheme 2 summarizes the synthetic strategy of GB2-Cy3. 

NMR spectrum of compound 101-106 are presented on Supplemental Figs. 16-22. HPLC 

spectrum of GB2-Cy3 is illustrated on Supplemental Fig. 23. 

 

 

GB2-Cy3 in vitro imaging of glucose uptake  

For in vitro imaging for glucose uptake by GB2-Cy3 we adopted published protocols (1). 

Briefly, 50,000 LNCaP cells were seeded in 12 well glass-bottom dishes (Corning) 

overnight at 37°C. Cells were washed 2 times with PBS and incubated for 1 hour at 37°C 

in glucose‐deficient DMEM medium. Cells were treated with 7 μg/mL GB2-Cy3 and 100 

ng/mL Hoechst 33342 (Thermo Scientific) in glucose‐deficient DMEM at 37 °C for 5, 10 

and 30 minutes, respectively. Cells were washed twice with PBS and prepared for live 

imaging by adding 1 mL of PBS. Fluorescence images were obtained on a LeicaDM IL 

microscope (Wetzlar, Germany). Cy3 signal was quantified using ImageJ and the mean 

fluorescent signal measurement from 30–40 cells. 

 

In Vivo Glucose Uptake Imaging  

In vivo uptake of GB2-Cy3 in was visualized by modifications of previous protocols (4,5).  

Full experimental details are provided in the Supplemental Material. 

Eggs were collected after fertilization and kept at 33°C for 48 hours post-fertilization (hpf). 

Three hours before implantation, attached LNCaP cells were incubated with 100 ng/mL 

Hoechst 33342 for 40 minutes at 37°C. After staining, cells were rinsed twice with PBS 

and RPMI-10% CSS medium was added. 
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At 48 hpf embryos were anesthetised with 0.168 mg/mL of Tricaine (Sigma, 

MS222). 100-150 labelled cells/ 9 nL were loaded into glass capillary needles and injected 

into the yolk sac of each embryo using a Nanoject II (Fisher Scientific). After injection, 

embryos were kept in water at 33°C. At 72 hpf the xenograft was examined using a Leica 

fluorescent stereoscope. 84 hpf embryos were treated with 250 μg/mL GB2-Cy3 at 33°C 

for 2 hours, followed by a water wash and a 15 minutes incubation. Embryos were then 

anesthetized, and imaged. Fold change in tumour foci and glucose uptake were quantified 

by total DAPI and Cy3 fluorescence respectively. The image for each embryo was 

imported into ImageJ, converted to a 32-bit greyscale, and the threshold was adjusted to 

eliminate background pixels.  
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Supplemental figure 1. 

 

 

NEPC samples of the Beltran cohort (1) have suppressed FOLH1 and differential SLC2A12 

and GCK expression. (A) Heatmap plot of the expression levels of SLC2A family members, 

HK genes, AR, FOLH1and NE-markers sorted based on nearest neighbors clustering to 

AR. (B-D) The mean expression of FOLH1, GCK and SLC2A12 in metastatic CRPC 

samples. Error bars reflect SEM and Student’s t-test was performed.  
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Supplemental figure 2.  

 

A schematic of the process used to identify a NELPC subset among a population of 

metastatic and primary AdPC samples. The meta-signature of prototypical high-grade 

NEPC (2) was used to identify a potential NELPC subset among the AdPC MSKCC cohort 

(3). This meta-signature consists of two sets of markers for classification of AdPC and 

NEPC.  GSEA was used to confirm that the identified subset is characteristic of a low-AR 

hallmark. FDR = False discovery rate. GSEA = Gene set enrichment analysis 
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Supplemental figure 3. 

  

Heatmap showing the expression of NEPC markers in the NELPC subset identified from 

MSKCC cohort (3).  
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Supplemental figure 4. 

 

Upregulation of SRRM4-clustered SLC2A and HK genes in NELPC subset of patients in 

MSKCC cohort (3). (A) Heatmap plot of the mean expression levels of SLC2A family 

members, HK genes, REST as AdPC marker and SRRM4 as NE marker.  (B) Violin plots 

compare the distribution of SLC2As and HKs expressions in NELPC and AdPC subsets.  
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Supplemental figure 5. 

 

SLC2A2, 6-8, 11 genes are co-expressed with SRRM4 as a treatment induced NEPC 

marker. (A-E) Pairwise-correlation of SRRM4 and the introduced SRRM4-clustered SLC2A 

gene expression followed by Pearson correlation analysis generated using MSKCC PC 

cohort data (3). 
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Supplemental figure 6. 

 

SLC2A1, 3-5, 9-12 genes as REST-clustered genes are not co-expressed with SRRM4 as a 

treatment induced NEPC marker. (A-I) Pairwise-correlation of SRRM4 and the introduced 

REST-clustered SLC2A gene expression followed by Pearson correlation analysis 

generated using MSKCC PC cohort data (3). 
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Supplemental figure 7. 

 

Pairwise-correlation of SRRM4 and HK gene expression followed by Pearson correlation 

analysis generated using MSKCC PC cohort data (3). 
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Supplemental figure 8. 

 

 

High levels of SRRM4-clustered SLC2A gene expression are correlated with higher 

Gleason scores. (A-E) Box-whisker plots showing the expression of SRRM4-clustered 

SLC2A genes during progression of AdPC based on Gleason score using MSKCC PC 

cohort data (3).  One-way ANOVA followed by unpaired t-tests were performed with 

Benjamini–Hochberg adjustment for multiple test correction; **: P < 0.01 and ***: P < 

0.001.  
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Supplemental figure 9. 

 

Except SLC2A1 gene, the high levels of REST-clustered SLC2A gene expressions do not 

correlate with higher Gleason scores. (A-I) Box-whisker plots showing the expression of 

REST-clustered SLC2A genes during progression of AdPC based on Gleason score using 

MSKCC PC cohort data (3). One-way ANOVA followed by unpaired t-tests were 

performed with Benjamini–Hochberg adjustment for multiple test correction; *: P < 0.05 

**: P < 0.01.  

  



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61• No. 6 • June 2020 Bakht et al. 
 

Supplemental figure 10. 

 

High levels of SRRM4-clustered HK gene expression are associated with higher Gleason 

scores. (A-D) Box-whisker plots showing the expression of HK genes during progression 

of AdPC based on Gleason score using MSKCC PC cohort data (3). One-way ANOVA 

followed by unpaired t-tests were performed with Benjamini–Hochberg adjustment for 

multiple test correction; **P < 0.01; ***P < 0.001.  
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Supplemental figure 11. 

 
 

High levels of SRRM4-clustered SLC2A genes including the expression of SLC2A2, 

SLC2A6, SLC2A7 and SLC2A11 are associated with shorter time to BCR. (A-E) Kaplan-

Meyer survival curves for high and low expression levels of SRRM4-clustered SLC2A 

genes generated using MSKCC PC cohort data (3). The log-rank test was employed to 

identify statistical difference between the high and low expressing groups. BCR = 

biochemical recurrence. 
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Supplemental figure 12. 

-

 
 

 

Low levels of REST-clustered SLC2A genes including SLC2A3, SLC2A12 and SLC2A14 

expression are associated with shorter time to BCR. (A-I) Kaplan-Meyer survival curves 

for high and low expression levels of REST-clustered SLC2A genes generated using 

MSKCC PC cohort data (3). The log-rank test was employed to identify statistical 

difference between the high and low expressing groups. BCR = Biochemical recurrence. 
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Supplemental figure 13. 

 

High levels of SRRM4-clustered HK gene expressions are associated with shorter time to 

BCR. (A-E) Kaplan Meyer survival curves for high and low expression levels of HK genes 

generated using MSKCC PC cohort data (3). The log-rank test was employed to identify 

statistical difference between the high and low expressing groups. BCR = biochemical 

recurrence. 
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Supplemental figure 14. 

 

Among SLC2A family members and HK genes, GCK is the most highly expressed gene 

and SLC2A12 is the most highly supressed gene in samples with NE gene signature in 

comparison with samples with an AdPC signature. (A-C) The schematic showing the 

process of selecting the most differentially expressed genes. (A) The RNA-seq data from 

268 prostate cancer samples from MSKCC (3), Beltran (1) and UW (4) cohorts are used to 

stratify SLC2A1-14 and HK1-4 genes into NEPC-clustered and AdPC-clustered groups. 

(B) Venn diagram illustrating the intersections between the clustered genes in different 

cohorts. (C) The most highly differentially expressed genes in the intersections are selected 

to be studied in cell lines and PDX models.  
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Supplemental figure 15. 

 

 

Development of a NE-induced LNCaP cell line. (A) The Schematic showing the steps for 

progression of the LNCaP cell line to NEPC. (B) Representative photos of control (top) 

and CSS-treated (bottom) LNCaP cells. (C) Neurites were measured using ImageJ software 

and longest neurite calculated. (D) % of cells with neurites counted over 3 fields of view. 

The results are expressed as the mean ± SEM. Differences between two groups were 

compared by unpaired Student’s t-test. ***: P < 0.001. Some elements of this figure were 

produced using Servier Medical Art image bank (www.servier.com). FBS = Fetal bovine 

serum; CSS = Charcoal- stripped serum. 
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Supplemental figure 16. 

 

 

 
 
1
H NMR spectrum of functionalized glucose (compound 100) with a minimum of 85% α-

anomer. NMR = Nuclear magnetic resonance. 
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Supplemental figure 17. 

 

1H NMR spectrum of protected functionalized glucose (compound 101). NMR = Nuclear 

magnetic resonance.  
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Supplemental figure 18. 

 

1H NMR spectrum of piperazine-functionalized glucose (compound 102). NMR = 

Nuclear magnetic resonance. 
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Supplemental figure 19. 

 

1H NMR spectrum of indolium salt (compound 103). NMR = Nuclear magnetic 

resonance. 
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Supplemental figure 20. 

 
 
1H NMR spectrum of acetamide-functionalized indolium salt (compound 104). NMR = 

Nuclear magnetic resonance.   



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61• No. 6 • June 2020 Bakht et al. 
 

 

Supplemental figure 21. 

 
 
1H NMR spectrum of carboxylate-functionalized indolium salt (compound 105). NMR = 

Nuclear magnetic resonance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61• No. 6 • June 2020 Bakht et al. 
 

Supplemental figure 22. 

 

1
H NMR spectrum of dye Cy3 (compound 106). NMR = Nuclear magnetic resonance. 
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Supplemental figure 23. 

 

HPLC spectrum of GB2-Cy3 (compound 106) at 546 nm. HPLC = High performance 

liquid chromatography.  
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Supplemental figure 24. 

 

GB2-Cy3 uptake and localization in LNCaP cell line. (A) Free-Cy3 dye showed no specific 

uptake in LNCaP cells while GB2-Cy3 had high uptake in cytoplasm (showed by C letter) 

and a minimal intensity in nuclear region (shown by N letter). (B) Glucose competition 

assay using Cy3 and GB2-Cy3 shows the uptake of GB2-Cy3 by LNCaP cell line could be 

inhibited as a result of increasing the concentration of glucose. 
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Supplemental figure 25. 

 

(A-D) Schematic of the structural domains of the isoforms of human HK proteins 

including HK1, HK2, HK3 and HK4 or glucokinase (GCK).  HK1, 2 and 3 are around 

100 kDa while glucokinase is about 50 kDa. N-terminus and C-terminus domains have 

functional catalytic activity in HK2 while N-terminus domains in HK1 and 3 are non-

functional. Mitochondrial binding motif (MBF) at the N-terminal domain can be seen 

only in HK2 and 1. *: non-functional domain. Adopted and modified with permission (5).  
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Supplemental figure 26. 

 

 

The differential expression of GLUT and HK genes favor higher glucose uptake in NEPC 

/ NELPC in comparison with AdPC. Schematic shows the expression of high affinity 

GLUT genes found to be elevated in NEPC and NELPC and it could result in increased 

transport of glucose to the cytoplasm. Drastic elevation of glucose sensor GCK in NEPC 

and NELPC is also demonstrated in this work. Some elements of this figure were produced 

using Servier Medical Art image bank (www.servier.com). GCK = Glucokinase     

  



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61• No. 6 • June 2020 Bakht et al. 
 

REFERENCE for supplemental figures 

1. Beltran H, Prandi D, Mosquera JM, et al. Divergent clonal evolution of castration 

resistant neuroendocrine prostate cancer. Nat Med. 2016;22:298-305. 

 

2. Tsai HK, Lehrer J, Alshalalfa M, Erho N, Davicioni E, Lotan TL. Gene expression 

signatures of neuroendocrine prostate cancer and primary small cell prostatic carcinoma. 

BMC Cancer. 2017;17:759. 

 

3. Taylor BS, Schultz N, Hieronymus H, et al. Integrative genomic profiling of human 

prostate cancer. Cancer Cell. 2010;18:11-22. 

 

4. Bluemn EG, Coleman IM, Lucas JM, et al. Androgen receptor pathway-

independent prostate cancer is sustained through FGF signaling. Cancer Cell. 

2017;32:474-489.e476. 

 

5. Roberts DJ, Miyamoto S. Hexokinase II integrates energy metabolism and cellular 

protection: Akting on mitochondria and TORCing to autophagy. Cell Death Differ. 

2015;22:364. 

 

 

 

  



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61• No. 6 • June 2020 Bakht et al. 
 

Supplemental Table 1  

 

 

An overview of the studied genes in MSKCC cohort (3).   
 
 

 

Gene name Protein name Assigned cluster 
Type of alteration in 

NELPC 

Pearson 

correlation 

coefficient with 

SRRM4 

Probability of 

freedom from 

BCR 

(P-value) 

Gleason Score 

progression 

(P-value) 

SLC2A1 GLUT1 REST  No alteration 0.0082 0.0026 0.001 

SLC2A2 GLUT2 SRRM4  ↑↑↑ 0.69 0.019 0.003 

SLC2A3 GLUT3 REST  ↓↓ 0.036 0.0042 0.0024 

SLC2A4 GLUT4 REST  No alteration 0.0002 0.254 0.22 

SLC2A5 GLUT5 REST  ↓ 0.025 0.81  0.56 

SLC2A6 GLUT6 SRRM4  ↑↑↑ 0.79 0.039  0.01 

SLC2A7 GLUT7 SRRM4  ↑↑↑ 0.8 0.04  0.01 

SLC2A8 GLUT8 SRRM4  ↑↑ 0.33 0.357  0.03 

SLC2A9 GLUT9 REST  ↑ 0.06 0.892  0.74 

SLC2A10 GLUT10 REST  ↓ 0.02 0.182  0.57 

SLC2A11 GLUT11 SRRM4  ↑↑↑ 0.63 0.038  0.029 

SLC2A12 GLUT12 REST  ↓↓ 0.098 0.012 0.013 

SLC2A13 GLUT13 (HMIT) REST  No alteration 0.003 0.816  0.90 

SLC2A14 GLUT14 REST  ↓↓ 0.02 0.0056 0.003 

HK1 Hexokinase-I REST  
↓↓↓ 

 
0.26 

0.0021 

 

0.00072 

 

HK2 Hexokinase-II REST  No alteration 
0018 

 

0.58 

 

0.81 

 

HK3 Hexokinase-III SRRM4  ↑↑↑ 
0.78 

 

0.036 

 

0.019 

 

GCK 
Hexokinase-IV 

(glucokinase) 
SRRM4  ↑↑↑ 

0.84 

 

0.015 

 

0.00032 

 
 

 

 

 

 

 


