
Supplemental Information 

 

Supplemental Figure Legends 

 

Supplemental Figure 1: Serially passaged liposarcoma xenograft tumors derived from primary tumors 

and xenograft tumors derived from liposarcoma cell lines both exhibit similar [18F]-FDG uptake by 

PET. Xenograft tumors derived from three (LPS1-3) serially passaged primary tumors or from 

corresponding cell lines were established in NSG mice. [18F]-FDG uptake in tumor tissue was 

determined by microPET/CT imaging 1 hour after tracer injection. PET/CT images were analyzed using 

AMIDE software, and FDG uptake in tumors (T) was expressed as % injected dose per cubic centimeter 

(%ID / cc).  

 

Supplemental Figure 2: High grade liposarcomas exhibit variable FDG uptake by PET. Patients with 

various liposarcoma subtypes were fasted for 6 hours followed by injection of 9 to 11 mCi FDG. Tumor 

FDG-uptake was recorded 1 hour after tracer injection on a Siemens Biograph duo PET/CT scanner. 

SUVmax values were determined by placing a 15 mm diameter ROI at the site of maximum FDG uptake 

and normalized to the injected dose and the patient’s body weight.  

 

Supplemental Figure 3: Nutrient concentrations in medium and metabolites consumed by liposarcoma 

cell lines. 

Metabolites from cell culture medium were extracted and analyzed using LC-MS/MS as described. 

Concentrations (1) and spectral counts of various metabolites identified with LC-MS/MS are shown for 

samples (n=3) extracted from fresh DMEM:F12 (50:50) medium supplemented with 10% FBS and 1% 

Pen/Strep. 286 metabolites were sorted based on decrease of relative concentration measured in 



spectral counts. Consumed metabolites from each liposarcoma cell line investigated were listed for each 

time point as spectral counts and changes in metabolite abundance indicated in different shades of blue. 

 

Supplemental Figure 4: Glucose and glutamine consumption rates and lactate production rates are 

similar in three liposarcoma cell lines.  

106 liposarcoma cells were plated and medium replaced after 24 h. Changes in glucose, glutamine, and 

lactate concentrations in the culture medium was determined 24 h after medium replacement. 

 

Supplemental Figure 5: Knockdown of dCK expression does not change proliferation or alter glucose, 

lactate, and glutamine metabolism in liposarcoma cell lines. 

A, The proliferation rate of liposarcoma cell lines is unaffected by dCK expression knockdown. 

Liposarcoma cell lines expressing an untargeted shRNA construct (scramble) or a shRNA directed against 

human dCK RNA (∆dCK) were seeded in 6-well plates and cell number counted on days 1, 3, 5 and 7 

after plating. Cell numbers were compared to numbers on day 1 and depicted as fold changes. B, 

Knockdown of dCK expression does not alter glucose, lactate or glutamine metabolism. 106 liposarcoma 

cells expressing an untargeted shRNA construct (scramble) or a shRNA directed against human dCK RNA 

were plated and the concentration of glucose, lactate, and glutamine in the culture medium determined 

24 h after medium replacement.  

 

Supplemental Figure 6: Gemcitabine has a cytotoxic effect on three liposarcoma cell lines.  

106 liposarcoma cells were incubated with 100 nM gemcitabine for 5 days. Adherent as well as floating 

cells were collected, incubated with propidium iodine (PI) for 20 minutes, and then analyzed with flow 

cytometry. Results are expressed as % PI positive cells. 

 



Supplemental Figure 7: Gemcitabine is cytotoxic to liposarcoma cell lines and xenograft tumors in 

mice. 

A, Gemcitabine has cytotoxic effects on liposarcoma cell lines in vitro. Repeat experiment from Figure 

3A showing low (nM) LC50 range of gemcitabine on liposarcoma cell lines. B-D, Gemcitabine treatment 

leads to tumor regression in liposarcoma xenografts in vivo. Xenograft tumors were established as 

described in Figures 3B-D. Tumor measurement and gemcitabine treatment performed as stated before. 

Results are shown as absolute tumor volume with gemcitabine-treated mice in blue) control group in 

red. 

 

Supplemental Figure 8: Gemcitabine decreases tumor growth in serially passaged LPS2 xenografts. 

Xenograft tumors were established in NSG mice from primary liposarcoma tumor (subsequently giving 

rise to LPS2 cell line) by mincing 50 mg primary tumor tissue and implanting the tumor sample 

subcutaneously into the neck area. Tumor measurement and gemcitabine treatment commenced (Day 

0) once tumors reached a size of 5x5 to 8x8 mm2. Tumors were measured every second day. 

Gemcitabine treatment (in PBS, blue) was given by intraperitoneal injection with an inital bolus of 360 

mg/kg followed by subsequent injections of 180 mg/kg every fourth day (green arrows). Mice in the 

control group (red) were injected with the same volume of PBS. 

 

Supplemental Figure 9: dCK, CDA and DCTD expression levels vary in primary liposarcoma tumors. 

A, RNA expression analysis of genes involved in the nucleoside salvage pathway. RNA was extracted and 

gene expression analyzed in 74 tissue samples of various histological subtypes using unsupervised 

clustering (2). Histological subtype of each sample is indicated in different colors and expression of 

various genes important for nucleoside salvage activity (NT-5’, dCK, DCTD, CDA, SLC28A1, and SLC29A1) 

shown as log ratios. Elevated dCK transcriptional expression is seen in 10 out of 74 samples (13.5%).  



WDLPS = well-differentiated liposarcoma, DDLPS = dedifferentiated liposarcoma, Myx = mixoid 

liposarcoma, Pleo = pleoimorphic liposarcoma.B-C, dCK, CDA and DCTD protein expression was 

measured in nine liposarcoma samples LPS1-9 from primary tumor tissue by immunoblotting. Expression 

of α-tubulin was used as loading control. 

 

Supplemental Figure 10: PBS treatment does not affect tumor growth of scramble- and dCK-

knockdown liposarcomas.  

A, Measurement of dCK activity in lysates from liposarcoma cell lines (Scr vs. ΔdCK). Liposarcoma cell 

lines (LPS2) were engineered to stably express a scrambled shRNA (scr) or a shRNA construct targeted 

against human dCK (∆dCK). Results are expressed as fmol / h / μg of total protein. B, dCK protein 

expression and knockdown in Scr vs. ΔdCK, respectively, was confirmed by immunoblotting (lower 

panel). Expression of α-tubulin was used as loading control.C, Tritiated-FAC uptake in liposarcoma cell 

lines in vitro. Liposarcoma cell lines were incubated for 1 h in medium containing 1 μCi / ml [3H]-FAC. 

Radioactivity in cell lysates was determined and expressed as fmol / 105 cells / h.D, [18F]-FAC uptake in 

Scr vs. ΔdCK tumors was determined using the software AMIDE and plotted as %ID / g. E-F, PBS 

treatment does not affect tumor growth of scramble- and dCK-knockdown liposarcomas. Genetically 

engineered cell lines (as described above) were injected into the flanks (Scr left, ΔdCK right, 5x105 cells 

each) of NSG mice. MicroPET/CT imaging with [18F]-FAC and [18F]-FDG (E), as well as tumor 

measurements and PBS treatment commenced (Day 0) once tumors reached a size of 5x5 to 8x8 mm2. 

[18F]-FAC and [18F]-FDG uptake in Scr vs. ΔdCK tumors was determined using the software AMIDE. 

Tumors were measured every second day and PBS treatment was given by intraperitoneal injection of 

180 mg/kg every fourth day (green arrows). F, Changes in tumor growth were plotted for Scr (blue) and 

ΔdCK (red) tumors relative to tumor size on day 0. 

  



Supplemental Materials and Methods 
 

Knockdown of dCK expression 

Liposarcoma cell lines were infected with lentivirus containing scrambled or dCK shRNA (Sigma-Aldrich) 

as described previously (3), and cells were selected in 2 µg ml-1 puromycin for 72 hours prior to 

experimentation. 

 

Media glucose, lactate, and glutamine measurements 

Determination of media glucose, lactate, and glutamine concentrations was performed on a NOVA 

Bioanalyzer 4 (Nova Biomedicals) according to the manufacturer’s protocol. In brief, 106 cells were 

seeded on a 10 cm dish, medium was replaced after 24 h, and metabolite concentration determined 24 

h after medium replacement.  

 

Generation of the murine monoclonal antibody against human dCK  

6xHis-tagged human dCK was produced in bacteria, purified by Ni-NTA chromatography and used as 

immunogen. 4 mice (Balb/c females 6-8 weeks) were immunized by i.p. injection of 200 μg 6xhis-hudCK 

in RIBI adjuvant (SIGMA) followed by 4 monthly boosts of 100 μg immunogen i.p. in RIBI. Antibody titer 

was determined in the serum by ELISA. Spleen of highest titer mouse was excised and dissociated. 

Isolated splenocytes were fused to sp2/0 myeloma cells at a ratio of 5:1 splenocytes/myeloma using 

PEG1500 (ROCHE). 20% of fusion was plated in HAT medium onto 10x flat bottom 96well plates at 200 

μl/well, the remaining fusion was frozen down. Fusion was cultured until clones appeared in the wells 

and covered 25-50% of well. Supernatant was collected and ELISA performed: 96 well Flat bottom assay 

plates (maxisorp, NUNC) were coated with 10 μg/μl immunogen, blocked with PBS 1% BSA. 

Supernatants were applied to wells, goat anti-mouse HRP was used to detect binding and reaction was 

developed with ABTS. Positive wells were re-plated in 24well plates in HT medium. ELISA was repeated 



on previously positive wells when cultures got 50% confluent. Positive supernatants were tested for 

ability to detect immunogen by western blot at 1:10 dilution in PBST-5% milk. Positive wells were sub-

cloned by limiting dilution to obtain single clones/well in 96 well flat bottom plate. Subclones were 

tested by ELISA and highest positives were tested on Western blot. Strongest clones are: 3B1, 3E10, 6B9, 

9D4, 10A1 and 10H10. The variable region of each monoclonal line was cloned and sequenced to 

identify individual clones. 3E10, 6B9 and 9D4 are identical, 9D4 was carried on since the clone was 

growing strongly. 3B1, 10A1 and 10H10 are each individual clones. Clones were tested for IHC staining 

ability and 9D4 was determined to be the best performing. 

 

Protein extraction and immunoblotting 

Lysates from 50 mg tumor tissue or 106 cells were generated as previously described (4). For 

immunoblotting, 20 μg lysate was run on 10% polyacrylamide gels, and membranes were probed with 

antibodies towards dCK (9D4), Tubulin (Sigma-Aldrich), CDA (Abcam) or DCTD (Abnova). 

 

In vitro 3H-FAC uptake and dCK kinase assay 

FAC uptake was measured in 105 liposarcoma cells in medium containing 1 μCi / ml 3H-FAC for 1 hour. 

Analysis of dCK kinase activity was measured as described previously (4) using 2 μg of lysate. 

 

In vitro cytotoxicity assay 

Cells (5000 per well) were seeded on a BD 96well plate and medium containing increasing 

concentrations of gemcitabine (1 pM – 1 mM) was added 24h later. Cell viability was assessed with the 

Cell Titer-Glo® assay (Promega) according to the manufacturer’s protocol.  

 

 



Flow cytometry 

Cells were treated with 100 nM gemcitabine or PBS in medium for 5 days. Trypsinized cells were 

incubated in 10 μg / ml propidium iodine in PBS for 20 minutes. Cell viability analysis was performed on 

a BD LSRII flow cytometer using the PE channel. Data was analyzed with FlowJo software. 

 

RNA Expression analysis 

RNA samples from patients with various histological subtypes of liposarcoma tumors were prepared and 

analyzed as described previously (2). Microarray slides were analyzed with an Agilent Scanner, gene 

expression values determined with the Agilent Feature Extraction software v.7.5, and data analysis 

performed with the Rosetta ResolverVR system v.7.1 (Rosetta Biosoftware).  

 

Statistical Analysis 

Data are presented as means ±SD and plotted using GraphPad Prism 5. 
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