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Supplemental Materials and Methods 

Gene expression array and analyses 

RT112 cells expressing doxycline-inducible shRNAs targeting FGFR3 or EGFP were grown in 

1%FBS medium with or without doxycycline (1 μg/ml) for 48 hr.  Total RNA from sub-

confluent cell cultures was isolated using RNAeasy kit (Qiagen).  RNA quality was verified by 

running samples on an Agilent Bioanalyzer 2100, and samples of sufficient quality were profiled 

on Affymetrix HGU133-Plus_2.0 chips. Microarray studies were performed using triplicate 

RNA samples.  Preparation of complementary RNA, array hybridizations, scanning, and 

subsequent array image data analysis were done following manufacturer’s protocols. Expression 

summary values for all probe sets were calculated using the RMA algorithm as implemented in 

the affy package from Bioconductor. Statistical analyses of differentially expressed genes were 

performed using linear models and empirical Bayes moderated statistics as implemented in the 

limma package from Bioconductor. False discovery rates were controlled using the Benjamini–

Hochberg method. All gene expression data set described in this study will be deposited into 

Gene Expression Omnibus (GEO) database under the accession number GSExxxxx. To obtain 

the biological processes that are over-represented by the differentially expressed genes, 

hypergeometric tests for association of Gene Ontology (GO) biological process categories and 

genes were performed using the GOstats and Category packages. Hierarchical clustering of the 

expression profile was performed using (1 - Pearson’s correlation) as the distance measure and 

Ward’s minimum-variance method as the agglomeration method. 

 

Analyses of total fatty acid synthesis 

Lipogenic activity was determined by monitoring the incorporation of [1,2-14C] acetate (Perkin 
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Elmer, Waltham, MA) into fatty acids as reported (1).  [1,2-14C] acetate (0.5 μCi/mL in DMEM 

medium with 0.1%BSA) was added to cells and incubated at 37oC for 4 hr. Cells were washed 

twice with ice cold PBS, scraped, and lysed in 2% KOH. Lysates were transferred to a test tube, 

and saponified overnight at 80oC.  Sterol and other neutral lipids were extracted twice with 

diethyl ether. The lower phase was then neutralized with 6N HCl, and mixed with hexane twice 

to extract fatty acids.  The fatty acids fractions were collected, dried under a steam of nitrogen, 

and analyzed by scintillation counting. The [14C] radioactivity was normalized to sample protein 

content. 

 

SCD1 activity assay 

SCD1 activity was determined by monitoring the desaturation of [1-14C] 18:0 stearate (American 

Radiolabeled Chemicals, St. Louis, MO) or the incorporation of [1,2-14C] acetate into 

monounsaturated fatty acid.  Cells were incubated with the labeled substrates for 6-8 hr.  Total 

lipids were isolated as described above, dissolved in 1ml of 14% boron trifluoride in methanol, 

and incubated at 64oC for 6 hr. After addition of 1mL of water, methyl esters were extracted with 

2 ml of hexane and separated by thin-layer chromatography (TLC) on a 10% argent impregnated 

silica gel plate using a solvent phase consisting of hexane /diethyl ether (85:15, v/v). After 

separation, air-dried plates were exposed to x-ray film, and fatty acid spots on TLC were 

scrapped off and counted for radioactivity using a liquid scintillation spectrometer.  SCD1 

activity was expressed as the ratio of oleic on stearic methyl ester acids or palmitoleic on 

palmitic methyl ester acids. 

 

Protein analyses 
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Cells were treated as described in the figure legends.  For total cell lysates, cells were washed 

twice with ice-cold PBS and extracted in RIPA buffer (Millipore, Billerica, MA) supplemented 

with phosphatase inhibitor cocktail PhosSTOP and Complete protease inhibitor cocktail (Roche 

Applied Science, Indianapolis, IN).  The lysates were cleared of insoluble materials by 

centrifugation.  For analysis of protein expression in tumor xenografts, lysate from tumor tissues 

was extracted with lysis buffer (consisted of 150 mM sodium chloride, 20 mM Tris (pH 7.5), 2 

mM EDTA, 1% Triton X-100, 10 mM sodium fluoride, supplemented with protease inhibitors 

and phosphatase inhibitors) by pulverizing the frozen tissues using FastPrep-24 homogenizer as 

described by the manufacturer (MP Biomedicals, Irvine, CA).   

To detect pFGFR3, FGFR3 was immunoprecipitated using a rabbit polyclonal antibody 

(sc-123, Santa Cruz Biotechnology, Santa Cruz, CA) and analyzed by sodium dodecyl-

polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot.  Phosphoylated FGFR3 was 

assessed with a monoclonal antibody against phospho-tyrosine (4G10, Millipore) or 

pFGFRY653/645 (#3476, Cell Signaling Technology, Danvers, MA).  To detect SCD1 in tumor 

tissues, SCD1 was immunoprecipitated from equal amount of lysates using a mouse monoclonal 

antibody (GTX19862, GeneTex, Irvine, CA) and probed with a rabbit SCD1 antibody (#2438, 

Cell Signaling Technology).  

Primary blotting antibodies used are FGFR3 (sc-13121, Santa Cruz Biotechnology), 

SREBP1 (sc-13551, Santa Cruz Biotechnology), SREBP2 (557037, BD Pharmingen), total FRS2 

(sc-8318, Santa Cruz Biotechnology), pAKTT308 (#2214-1, Epitomics).  The following primary 

antibodies were purchased from Cell Signaling Technology: pFRS2 Y196 (#3864), FASN (#3189), 

pAKTS473 (#4060), total AKT (#9272), pMAPK (#9101), total MAPK (#4695), pS6 (#2211), 

cleaved caspase 3 (# 9664), total caspase 3 (#9665), cleaved caspase 7 (#9491), total caspase 7 
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(#9492), and PARP (#9542).  The blots were visualized using a chemiluminescent substrate 

(ECL Plus, Amersham Pharmacia Biotech, Piscataway, NJ). 

 

Immunohistochemistry  

Formalin-fixed, paraffin-embedded samples were collected and a routine H&E slide was 

evaluated.  Immunohistochemical staining was performed with 5-um-thick paraffin-embedded 

sections using an anti-Ki-67 rabbit polyclonal antibody (clone SP6, NeoMarkers, LabVision) or 

an anti-human cleaved caspase 3 antibody (Asp175, Cell Signaling Technologies) on the 

Ventana Discovery XT Autostainer platform (Ventana Medical Systems Inc, Tucson, AZ) with a 

standard OMNIMAP-HRP and ChromoMap DAB colorimetric detection system according to the 

manufacturer’s instructions (Vantana).  Tissues were countered stained with haematoxylin, 

dehydrated, and mounted for viewing and morphometric analysis.  
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Supplemental Figure legends 

Figure S1 Identification of FGFR3-regulated genes.  (A) A Venn Diagram outlining overlap of 

genes with significant expression changes upon induction of three FGFR3 shRNAs. Red 

numbers represent up-regulated genes, and green ones for down-regulated genes.  (B) Genes 

down-regulated upon FGFR3 knockdown are over-represented in sterol and fatty acid 

biosynthesis and metabolism processes. Shown in the plots are most significant Gene Ontology 

biological processes represented by genes down-regulated upon FGFR3 knockdown. The Y-axis 

represents unadjusted p-values derived from hypergeometric tests. 

 

Figure S2  FGFR3 knockdown in RT112 bladder cancer cells reduces the expression of genes 

involved in sterol and fatty acid biosynthesis and metabolism. (A) Confirmation of FGFR3-

regulated lipogenic genes by qRT-PCR. RT112 bladder cancer cells expressing three 

independent doxycycline-inducible FGFR3 shRNAs or a control shRNA (Ctrl) were cultured 

with or without 1 μg/mL doxycycline for 2 days prior to RNA extraction.  The mRNA level of 

representative genes from lipid (A) and sterol biosynthesis pathways (B) was measured by qRT-

PCR. Data are presented as mean +/- SD (n=3). (C) FGFR3 knockdown reduces SREBP1 

expression modestly, but not SREBP2. SREBP1 and SREBP2 mRNA level was analyzed by 

qRT-PCR. Data are presented as mean +/- SD (n=3). 

 

Figure S3  Inhibition of FGFR3 reduces the expression of genes involved in sterol and fatty acid 

biosynthesis and metabolism in UMUC-14 cells. (A) A specific anti-FGFR3 antibody, R3Mab, 

reduced the expression of lipogenic genes in UMUC-14 tumor xenograft.  UMUC-14 xenograft 

tumors were treated with a control antibody (Ctrl Ab) or R3Mab, and tumor tissues were 



 6

harvested at Day 5.  Total RNA was isolated from tumor tissues for microarray analysis.  Genes 

shown significant modulation by R3Mab compared with Ctrl Ab were further analyzed.  The 

fold-changes of the cohort of genes shown in Figure 1B are presented here.  Note that almost all 

the genes listed in Figure 1B were similarly downregulated by R3Mab.  (B-D) UMUC-14 cells 

were transfected with FGFR3 siRNA or a non-targeting control siRNA (Ctrl), and total RNA 

was extracted 48 hr after transfection.  The mRNA level of representative genes from lipid (B) 

and sterol biosynthesis pathways (C) was measured by qRT-PCR. Data are presented as mean +/- 

SEM. (D) FGFR3 knockdown reduces SREBP1 expression modestly, but not SREBP2. SREBP1 

and SREBP2 mRNA level was analyzed by qRT-PCR. Data are presented as mean +/- SEM. 

 

Figure S4  FGF1 stimulates SREBP1 activation and lipogenesis in bladder cancer cells. (A, B) 

Dose response of FGF1-induced FGFR3 activation in Cal29 (A) and RT112 (B) bladder cancer 

cells.  Cal29 and RT112 cells were serum starved for 20 hr, then treated with different doses of 

FGF1 plus 10 μg/ml heparin for 10 minutes. Cell lysates were subjected to immunoblot analyses 

with indicated antibodies.  FGFR3 phosphorylation was analyzed as described in Methods. Note 

that in Cal29 cells, phosphorylated FRS2 displays apparent mobility shift.  (C) FGF1 stimulates 

SREBP1 expression and maturation, and FASN and SCD1 expression. RT112 bladder cancer 

cells were serum starved for 20 hr, then treated with 30 ng/mL FGF1 plus 10 μg/ml heparin for 

indicated time.  Total cell lysates were subjected to Western blot analyses. flSREBP, full-length 

SREBP; mSREBP, mature SREBP.  (D) FGF1 stimulates fatty acid synthesis.  RT112 cells were 

serum-starved for 20 hr, then incubated with 30 ng/mL of FGF1 plus 10 μg/mL of heparin for 24 

hr.  [14C]acetate was added for the  final 16 hr.  [14C]acetate incorporation into saturated (SFA) 

and unsaturated fatty acids (UFA) was measured by scintillation counting.  Data are normalized 
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to total protein level and presented as mean +/- SD (n=4) relative to no FGF1 treatment, and are 

representative of two independent experiments.   

 

Figure S5  FGFR3 signaling promotes the accumulation of matured SREBP1 and SCD1 

expression via PI3K-mTORC1 pathway but not MEK-MAPK pathway in Cal29 cells. Cal29 

cells were serum starved for 20 hr, then treated with rapamycin (50 nM), Ly294002 (Ly294, 20 

μM) and PD325901(PD901,100 nM) for 2 hr.  Subsequently cells were cultured in medium 

supplemented with 30ng/ml FGF1 for 24 hr.  Cell lysates were analyzed by Western blot. 

 

Figure S6   SCD1 knockdown induces apoptosis in bladder cancer cells. (A) FGFR3 signaling in 

SW780 bladder cancer cells.  SW780 cells were serum starved for 20 hr, then treated with 

different doses of FGF1 plus 10 μg/ml heparin for 10 minutes. Cell lysates were subjected to 

immunoblot analyses with indicated antibodies.  FGFR3 phosphorylation was analyzed as 

described in Methods. (B) Cell proliferation rate of a panel of bladder cancer cell lines.  For each 

cell line, 8x105 cells were plated into 6-cm culture dish in DMEM medium containing 1% FBS. 

At indicated time points, cells were trypsinized, collected, and viable cells were counted using 

Vi-cell (Beckman Coulter).  Total viable cell numbers per plate were plotted as mean of 

triplicates +/- SD.  Data are representative of two independent experiments.  (C) UMUC-14 cells 

cultured in 1% FBS medium were transfected with SCD1 siRNAs or a control siRNA (Ctrl). 

FACS analyses of Annexin V staining were performed at 48 hr after transfection as described in 

Methods. Data are representative of three independent experiments.  (D, E) SCD1 knockdown 

induces caspases 3/7 cleavage and activation. UMUC-14 cells were transfected with SCD1 

siRNAs or non-targeting control siRNAs (Ctrl), and cell lysates were subjected to immunoblot 
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analysis (D).  At 48 hr post transfection, activities of caspases 3 and 7 were measured with 

Caspase-Glo 3/7 assay kit (Promega).  Data are presented as mean of triplicates +/- SD, and are 

representative of two independent experiments (E). 

 

Figure S7   SCD1 knockdown inhibits bladder cancer cell proliferation in a fatty acid 

desaturation-dependent manner.  (A) Downregulation of SCD1 protein level by SCD1 siRNA. 

SW780 cells were transfected with siRNAs targeting SCD1, FASN, or two non-targeting control 

siRNAs (Ctrl).  Cell lysates were immunoblotted to assess SCD1 and FASN expression.  (B) 

SCD1 knockdown blocks stearic acid desaturation. SW780 cells were transfected as described in 

(A).  At 48 hr post transfection, [14C]stearic acid was added for 6 hr further incubation. 

[14C]stearic acid desaturation  was analyzed by argentation thin-layer chromatography and 

measured by scintillation counting. Data are presented as mean +/- SD (n=4) from two 

independent experiments.  Similar results were observed in UMUC-14 cells. (C) 

Monounsaturated oleate rescues UMUC-14 cells from SCD1 knockdown. UMUC-14 cells 

grown in medium containing 1% FBS were transfected with SCD1 siRNAs or two non-targeting 

control siRNAs (Ctrl). At 6 hr after transfection, BSA-conjugated oleate acid was added to the 

culture medium as indicated.   Cell proliferation was measured by [3H]thymidine incorporation at 

72 hr post treatment. Data are presented as mean of triplicates +/- SD relative to cells transfected 

with RNAiMax alone (Mock) and grown in medium supplemented with BSA only.  These data 

are representative of three independent experiments. (D) Saturated palmitate is unable to reverse 

the effect of SCD1 siRNAs.  Cells were treated similarly as described in (C), except that BSA-

conjugated palmitate was supplemented at 6 hr post siRNA transfection. Note that high dose of 

palmitate reduced cell proliferation significantly. 
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Figure S8   SCD1 inhibitor suppresses cell proliferation in a fatty acid desaturation-dependent 

manner in SW780 cells.  (A) Monounsaturated oleate rescues SW780 cells from SCD1 inhibitor 

A37062. SW780 cells grown in medium containing 1% FBS were treated with 100 nM of SCD1 

inhibitor A37062 or DMSO.  BSA-conjugated oleate acid was added to the culture medium as 

indicated.  Cell viability was measured by CellTiter Glo (Promega) at 48 hr post treatment. Data 

are presented as mean of triplicates +/- SD relative to cells treated with DMSO alone and grown 

in medium supplemented with BSA only. (B) Saturated palmitate is unable to reverse the effect 

of SCD1 inhibitor A37062.  Cells were treated similarly as described in (A), except that BSA-

conjugated palmitate was supplemented.  

 

Figure S9   SCD1 inhibitor A37062 activates caspase 3 in UMUC-14 xenograft tumors.  (A, B) 

Mice with pre-established UMUC-14 tumors were randomly grouped out, and treated with 

vehicle (A, n=5) or 75 mg/kg of A37062 (B, n=6), twice a day for four days.   Tumor tissues 

were collected, formalin-fixed, and paraffin-embedded.  Immunohistochemistry staining for 

cleaved caspase 3 was done on 5-μm–thick paraffin-embedded sections using a specific anti-

cleaved caspase 3 antibody with a standard protocol (brown staining).  No staining was observed 

in the naïve immunoglobulin G control.  Scale bar: 100 μm.  (C) Morphometric analysis of 

cleaved caspase 3-positive area from A and B.  Relative cleaved caspase 3-positive area is 

calculated by the following formula:  Total cleaved caspase 3-positive area /total cellular area 

x100.  Horizontal bar represents mean value for each group.  Statistic analysis is performed using 

unpaired student t-test. 


