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Supplementary Materials and Methods 

 

Measurements of H2O2 and mitochondrial mass, membrane potential and superoxide  Raji cells (2 x 105 cells/ml) were treated with metformin (1 mM) and SR13800 (1 μM) for 24, 48 and 72 hr.  4 x 105 cells were washed in PBS and resuspended in carboxy-H2DCF-DA (10 μM, Life Technologies) to measure H2O2 or in MitoSOX Red (5 μM, Life Technologies) to measure mitochondrial superoxide, and were incubated for 1 hr or 15 min, respectively, at 37°C in the dark.  Mito Tracker Red CMXRos (25 nM), which measures mitochondria having membrane potential (1), or Mito Tracker Green FM (50 nM) (Life Technologies), which measures mitochondria regardless of membrane potential (2), were added to the cells and incubated for 15 min. After staining, cells were centrifuged and resuspended in PBS, acquired by flow cytometry (BD FACSCanto and LSRII) and analyzed with FlowJo software.  Carboxy-H2DCFDA and Mito Tracker Green FM were detected with a 488 nm excitation laser, 520 long pass (LP) mirror and 530/30 nm bandpass filter. MitoSOX Red was detected with a 488 nm excitation laser, 556 LP mirror and 585/42 nm bandpass filter. Mito Tracker Red was detected with a 561 nm excitation laser, 570 LP mirror and 580/25 nm bandpass filter.  Each experiment was repeated in triplicate.   There were no effects of SR13800 +/- metformin on levels of superoxide (not shown). 
 

Western blot analyses Protein (50 μg) from mouse lymphomas and B220+ B cells, and from human tumor cells was obtained, separated on 12% SDS polyacrylamide gels and blotted to Immobilon (Millipore) as described (31). Blots were incubated with: chicken anti-mouse MCT1 (Millipore), rabbit anti-human MCT1 and rabbit anti-human/mouse MCT4 polyclonal antibody (provided by Dr. Nancy Philp), mouse anti-human CD147 (Biolegends); rabbit anti-human and mouse LDH-A polyclonal antibody (Cell Signaling;), rabbit anti-LDH-A/LDH-B (Epitimocs), rabbit anti-c-Myc (Santa Cruz) 



and mouse anti-Actin (Sigma). Anti-Aldolase, Enolase1, GADPH, Hexokinase, PFK, PGAM1, and PKM2 were from Cell Signaling. Antibodies against GCLC, GCLM, G6PI, PGK1, and TPI were from Abcam. Blots were developed with Supersignal West Dura solutions (Thermo Scientific) and exposed to x-ray film. 
 

Lymphoma and breast cancer xenograft analyses Pharmacokinetic studies established that 30 mg/kg SR13800 daily was needed to maintain serum levels > EC50 for Raji BL ex vivo. Administration of this dose of SR13800 for a week did not have significant effects on the numbers of white blood cells (WBC), RBC or hemoglobin levels.  3 x 106 Raji lymphoma cells were injected i.v. via tail vein into 7-week old NOD/SCID mice (3). After three days the animals were treated once daily with vehicle or 30 mg/kg of SR13800 i.p. Animals were observed daily for signs of morbidity. Nearly all vehicle-treated mice developed hind limb paralysis by 21-26 days, a hallmark of advanced disease in this model (3) that is due to lymphoma invasion of the spinal chord.  For T47D breast cancer studies 5-week old female NOD/SCID mice were implanted with a 60-day release β-Estradiol pellet. One day later 1 x 106 T47D cells in a 1:1 mix of medium:matrigel were injected subcutaneously (4). After 3 days, mice received daily injections of vehicle or SR13800 (30 mg/kg). Metformin treated mice received 2.5 mg/ml metformin for 5 days, then 5 mg/ml for the remainder of the study in drinking water, a regimen that did not affect levels of blood glucose. Animals were observed for morbidity and tumors measured. Mice were humanely euthanized and tumors weighed. All morbid animals were humanely euthanized. All procedures are approved by the IACUC of Scripps Florida. 
 

Affymetrix expression analyses 



For Affymetrix analysis of Eµ-Myc lymphomas, double-stranded cDNA was prepared from 1 μg of total RNA using the Affymetrix cDNA synthesis kit, and then in vitro transcribed using an IVT labeling kit (Affymetrix). The cRNA products were purified using a GeneChip Sample Cleanup Module (Affymetrix). 20 μg biotin-labeled cRNA was fragmented and hybridized to Affymetrix GeneChip Mouse Genome 430A microarray overnight in the Affy 640 hybridization oven at speed of 60 rpm for 16 hr. Microarrays were washed and stained using the Affymetrix Fluidics Station FS400. GeneChip arrays were scanned using a GeneChip Scanner 3000 (Affymetrix). Probe set intensities were quantified using the GeneChip Operating Software (GCOS) and analyzed with GCRMA using GeneSpring GX11 (GS GX11, Agilent). All hybridized chips met standard quality control criteria; mean fluorescence values of each array were scaled to a mean intensity of 500. Microarray data is available from the Gene Expression Omnibus under Accession GSE32239 and GSE33474. Affymetrix data of splenic B cells from 4 wild type and 5 premalignant Eµ-Myc littermates and lymphomas from 13 Eµ-Myc mice were normalized based on GCRMA algorithm (wild type samples as baseline) using GS GX11 (5).  Expression profiling datasets of 44 human Burkitt Lymphoma and 129 human non-Burkitt mature aggressive B-cell lymphomas generated using Affymetrix HG-U133A arrays (GSE4475) (6) were queried for the expression of MCT1, MCT2, MCT3, MCT4 and MYC. These data were normalized based on GCRMA algorithm and for each probe set the median of all samples was used for baseline transformation. Expression profiling datasets of 101 primary MYCN-amplified (n = 20) and non-
MYCN amplified (n = 81) human neuroblastoma using Affymetrix HG-U95A arrays (GSE3960) (7), of 98 profiling datasets of primary Stage II/III colon cancer (n = 77) versus normal colon tissue adjacent to tumors (n = 17) using Affymetrix U133 Plus 2.0 arrays (GSE18105) (8), of 58 profiling datasets of primary adenocarcinoma (n = 40) and squamous cell carcinoma (n = 18) subtypes of NSCLC using Affymetrix U133 Plus 2.0 arrays (GSE10245) (9), of 230 lung adenocarcinoma from the caArray Lung Adenocarcinoma dataset (10) that were clustered according to MYC mRNA levels, 



and of breast adenocarcinoma (11) that were also clustered according to MYC mRNA levels, were also normalized based on the GCRMA algorithm. All heatmaps were generated using GS GX11 hierarchical clustering on probe sets. Similarity measure was set to Pearson Centered and Linkage Rule was set to Average. On the scale bars, yellow indicates up-regulation and blue indicates down-regulation of log2 signals relative to the median baseline. Analyses of the MYC-MCT1 circuit in tumors from breast cancer patients were performed by querying GSE1456, GSE3494, GSE6532 and GSE7390 datasets (12, 13). Analyses of relapse-free survival of basal-like breast cancers, breast cancer patients who did not receive chemotherapy, and untreated breast cancer patients revealed that those having a high MYC-MCT1 signature had a poor outcome. Analyses of the MYC-MCT1 circuit in tumors from lung cancer patients was performed by querying GSE14814, GSE19188, GSE29013, GSE31210, GSE3141, GSE37745, GSE4573, GSE8894, caArray jacob-00182 and TCGA datasets using the analysis tool described (13). These analyses of established that lung cancer patients having a high MYC-MCT1 signature had a poor outcome.  
 

Cell culture Raji, Daudi and Ramos BL cells, 9E10 mouse hybridoma cells and human Jurkat T lymphoma cells were cultured in RPMI 1640 supplemented with 10% FCS and 2 mM L-glutamine.  IL3-dependent 32D.3 mouse myeloid cells were cultured in the same medium supplemented with IL3 (20 units/ml) (14). Primary B cells were established by culturing mouse bone marrow on S17 stromal cells in RPMI 1640 supplemented with 10% FCS and 2 mM L-glutamine (15) and in IL-7 medium.   P493-6 B lymphoma cells (16) were cultured in RPMI 1640 supplemented with 10% FCS, 2 mM L-glutamine, 1 mM sodium pyruvate and 1% penicillin/streptomycin.  Expression of c-Myc was suppressed by culturing in medium containing tetracycline (Tet, 0.1 μg/ml) and the Myc transgene was induced by washing cells twice in phosphate buffered saline (PBS) and culturing in medium 



without Tet.  Mouse 70Z3 B lymphoma cells were cultured in RPMI 1640 medium with 10% FCS, 10 mM Hepes, 1 mM sodium pyruvate, 4 mM L-glutamine, 55 μM β-mercaptoethanol and 1% pen/strep.  Human MCF7, MDA-MB-231, HS578, SKBR, and T47D breast cancer cells were grown in DMEM with high glucose (4.5g/L), 10% FCS, 1% pen/strep, and 2 mM L-glutamine.  Eμ-Myc lymphomas were harvested, homogenized in PBS with 2% FBS, filtered through a 100-μm strainer and cultured in 45% IMDM (with 25mM HEPES) (Gibco), 45% DMEM (4.5 g/L glucose, Gibco), 10% FBS with 1% pen/strep, 4 mM L-glutamine, 25 µM β-mercaptoethanol, 1 mM sodium pyruvate and 5 ng/ml mouse IL-7 (R&D Systems).  293T cells, which were used to generate stocks of MSCV-based retroviruses, were cultured in DMEM with 10% FBS, 4 mM L-glutamine, 1% pen/strep, and 1 mM sodium pyruvate.   
 

Methycellulose colony assays Human Raji lymphoma and mouse 70Z3 and Eμ-Myc lymphoma cells were cultured in Methocult 3234 methylcellulose semi-solid medium (Stem Cell Technologies) +/- MCT1 inhibitors (100 nM). Colonies were counted on day 10 or 14. 
 

Flow cytometry analyses Cells were collected from the BM, lymph nodes, spleen and peripheral blood of 4-6 week-old wild type (n = 3) and premalignant Eμ-Myc (n = 3) littermates and from single cell suspensions of freshly isolated Eμ-Myc lymphomas (n = 3) and were stained with PE-conjugated CD45R/B220 (553090, BD Biosciences) and CD147 (306205, Biolegend) primary antibodies and with FITC-conjugated anti-mouse IgG (11-4011-85, eBioscience) secondary antibody. Stained cells were analyzed using a BD LSRII and BD FACSDiva software. Doublets were excluded on the basis of pulse 



width/height ratio. Eμ-Myc B cells from lymph node, spleens and peripheral blood also showed markedly elevated levels of CD147 (not shown).  To assess the effects of SR13800 on cell cycle, 2 x 106 Raji cells were treated with vehicle or 100 nM SR13800. After 48 hr cells were fixed in 50% EtOH for 24 hr and then stained with 0.02 mg/ml propidium iodide (PI) in 0.1% Triton X-100 solution containing 0.2 mg/ml RNase A for 30 min at 37°C. The cells were washed once with PBS and stained cells analyzed for the percentage in the G1, S and G2 phases of the cell cycle as described (17).  
14C-Lactate transport assay MCF7 breast cancer cells and MCF7 cells engineered to overexpress mouse Mct1 or human 
MCT4 were cultured at 20,000 cell/well in 96-well plates for 2 days.  Assays were performed on ice by removing medium and washing once with cold buffer (150 mM NaCl, 10 mM Hepes, 5 mM KCl, 1 mM MgCl2, 1 mM CaCl2, 0.2% BSA at pH 7.4).  Cells were incubated in 50 μl cold buffer containing 0.1 mCi/well L-14C(U)-Lactic acid, sodium salt (Perkin Elmer) +/- 10 nM SR13800 for 10 min.  Cells were washed three times in cold buffer containing 0.1 mM Pholoretin (Sigma) and lysed with 50 μl M-Per (Thermo Scientific) for 10 min at room temperature.  Radioactivity was measured by scintillation counting and normalized to protein concentration.  Samples were done in triplicate and error bars are standard deviation of the normalized radioactivity.    
NAD/NADH and NADP/NADPH assays Raji cells (1.5-2 x 106 cells) were treated with SR13800 (1 μM) for 6 hr. NAD and NADH were measured using Fluoro NAD/NADH fluorescent detection kit (Cell Technology).  NADP and NADPH were measured using NADP/NADPH Quantification Kit (BioVision). Each condition was measured in duplicate and each experiment was repeated twice.  



Chromatin immunoprecipitation Chromatin from 1.3 x 107 P493-6 human lymphoma cells +/- Tet, or from 5 x 107 mouse 32D.3 myeloid cells +/- IL3, were cross-linked, isolated, sonicated and reverse cross-linked as described (30). Sonicated chromatin was immune precipitated with a polyclonal antibody specific for c-MYC (Santa Cruz) or with isotype-matched IgG antibody (GenScript). Immunoprecipitates were captured using magnetic protein G beads (Active Motif). A 1:100 volume of chromatin was processed without antibody and used as total input control for qRT-PCR. qRT-PCR was run on immunoprecipitated and control chromatin using primers designed to detect E boxes in the human 
Slc16A1/MCT1 (P493-6 cells) or mouse Slc16a1/Mct1 (32D.3) genes and Perfecta Syber Green Kit (Quanta) and an iCycler machine (Bio-Rad). Primers to detect known Myc target genes MDM2, 
cyclin D2 and Cad were positive controls for MYC ChIP analyses. Percent total chromatin immunoprecipitated was calculated using the equation % total = 2 Ct input – Ct ChIP x % input used for ChIP (11).  The sequences of the primers used is provided on request.  
 

Mct1 promoter assays 

Mct1 (Slc16a1, NM_009196) luciferase reporters were created by PCR amplification of promoter fragments generated from mouse genomic DNA BAC DNA (RP23-42B9.1) using primers tagged with KpnI and XhoI restriction enzyme sequences on the forward and reverse primer, respectively (Mct1_A: Forward CCAACCAAATACCCATCTCGT, Reverse ACGTCGCAGCTC GCCACTTT; Mct1_B: Forward TGCCCCGCCAGACAAAGTGG, Reverse ATAATGAGCCACT GGAAAAC). The pGL4.27 luciferase reporter (Promega) was digested with KpnI and XhoI and this plasmid fragment was used to directionally clone the Mct1 A and B promoter fragments. Clones were confirmed by sequencing.  Luciferase assays were carried out using HEK293T cells cultured in DMEM supplemented with 10% FBS and antibiotics (100 units/mL penicillin and 100 μg/mL streptomycin). Reverse transfection was carried out in 96-well plates using serum-free Opti-MEM (Life Technologies) 



containing 100 ng of luciferase reporter and scrambled (NSsi; Qiagen #1027280) or MYC-specific (MYCsi; Qiagen # SI02662611) siRNAs at the indicated concentrations (10nM – 40nM) prepared with Lipofectamine 2000 and allocated into each well. Following a 30 min incubation at room temperature, 2 x 104 HEK293T cells resuspended in DMEM supplemented with 20% FBS and antibiotics were dispensed into each well. Cells were cultured for 72 hr in a humidified incubator at 37°C in 5% CO2. BriteLite (Perkin Elmer) reagent was added to each well and luciferase luminescence was measured with an Envision plate reader (Perkin Elmer). 
 

Glucose uptake  Raji lymphoma cells were plated  (7.5 x 105 cells/well) into a 24-well plate in quadruplicate for each treatment. The cells were pretreated with metformin (1 mM) for 16 hr and fresh drug was added for an additional 8 hr. The cells were exposed to SR13800 (1 μM) for 8 hr.  At 7 hr post-treatment, 0.5 μCi 14C-2-deoxyglucose (Perkin Elmer) was added to each well and incubated at 37°C for 1 hr. Cells were washed twice with PBS and solubilized with 500 μL 0.1% NaOH. Lysates were transferred to vials with scintillation fluid and radioactivity determined by scintillation counting. Counts per minute (cpm) were normalized to protein concentration. Error bars are the SD. 
 

Mass spectrometry analysis of metabolites Glycolytic intermediates were detected by gently pelleting 3 x 106 Raji BL cells (in 5 ml) 8 min at 300 x g. An aliquot of the media was collected and the remainder was aspirated off. Cells were immediately disrupted by the addition of 0.5 ml of a 90%methanol/10% chloroform, the sample was vortexed and insoluble material was pelleted by centrifugation, 10 min at 16,000 x g. Samples were analyzed by LC-MS/MS by injecting 10 µl sample using an XBridge BEH Amide column (3.5μm, 4.6 x 50 mm) run at 0.7 ml/min using a gradient consisting of mobile phase A (10mM ammonium formate, 2 mM ammonium fluoride and 10 µM EDTA in water, pH 9.0) and 



mobile phase B (10 mM ammonium formate, 2 mM ammonium fluoride and 10 µM EDTA in water, pH 9.0 in water:acetonitrile [5:95]). The gradient was 11 minutes with the following steps: 100% B for 0.4 min linearly ramping to 60% B in 4 min and held at 60% B for 2 min then rapidly ramped back to 100% Phase B in 0.1 min and equilibrated for 4.5 min before injecting the next sample. Individual analytes were detected using an API4000 mass spectrometer (Applied Biosystems), operated in negative ion mode using multiple reaction monitoring mode and the following transitions: 8743, pyruvate; 89  61, lactate; 133  115, malate; 146102, glutamate; 339  97, fructose 1,6-bisphosphate; 259  97, fructose 6-phosphate and glucose 6-phosphate; 17179, glycerol phosphate; 16779, and reduced glutathione; 611272. 
 

Mouse pharmacokinetics  SR13800 was injected i.p. at 30 mg/kg in a 10:10:80 DMSO:tween-80:water solution formulation. At 8 and 24 hr blood was collected into EDTA containing tubes and select tissues were excised and drug levels determined using LC-MS/MS. SR13800 levels were also measured in Raji lymphoma subcutaneous xenografts and intratumoral levels were all >200 μM (data not shown).  
 

Synthesis of MCT1 inhibitors SR13800 and SR13801 were synthesized using established methods (18, 19). 
 

Immunohistochemistry  Raji lymphomas that arose in the spinal cord and T47D breast cancer xenografts were fixed for 24-72 hr in 10% neutral buffered formalin. Spinal columns were decalcified in Immunocal (Decal Chemical Corp). All samples were processed to Paraplast Plus paraffin blocks in a Tissue Tek VIP (Sakura) tissue processor. Following sectioning at 5 μm, deparaffinization and rehydration, sections were stained with hematoxylin & eosin or prepared for MCT1 and MCT4 



immunohistochemistry (IHC). Sections for IHC were exposed to heat-induced antigen retrieval in pH 6 citrate buffer (Invitrogen). All samples were blocked in 3% H2O2, followed by non-specific protein blocking in 10% normal donkey serum (Jackson ImmunoResearch), 5% BSA with 0.02% Tween-20 in TBS. After protein block, samples were treated with Avidin-Biotin Blocking kit per manufacturer’s instructions (Vector Laboratories). Primary antibodies diluted into 0.2X block against MCT1 (0.175ug/ml, rabbit polyclonal antibody [pAb], Sigma, HPA003324) or MCT4 (0.2 ug/ml, rabbit pAb, Santa Cruz, H-90/sc-50329) were added for 60 min. Rabbit IgG controls were run at the same concentrations in all experiments to demonstrate specificity. Following TBST washing, sections were incubated with biotinylated donkey anti-rabbit IgG (1 ug/ml, Jackson ImmunoResearch) for 30 min, followed by additional washes in TBST. Antibody binding was detected by incubating with 4+ Streptavidin HRP Label (Biocare Medical) for 30 min followed by washing in TBST. Staining was then developed with DAB+ (DAKO) for 5 min. Stained sections were counterstained briefly in Mayer’s hematoxylin (Vector Labs), dehydrated, cleared and coverslipped in Permount. Slides were scanned into Spectrum digital pathology information management system (Aperio) using a NanoZoomer Digital Pathology System (Olympus, Hammamatsu). Digital images were snapped using ImageScope (Aperio). Blind analysis of staining was performed by a board certified pathologist.   
 

 



Supplementary Figure Legends 

 

Figure S1. Myc induces the expression of cancer-associated glycolytic enzymes in vivo. A, 

RNA isolated from B220+ splenic B cells from 4-6 week old wild type (WT, n = 4) and 

premalignant Eμ-Myc (n = 5) littermates and from Eμ-Myc lymphoma (5, 20) (n = 13) was 

analyzed using Affymetrix gene arrays. Yellow indicates genes up-regulated >2-fold and blue 

those genes that are repressed >2-fold. Additional abbreviations:  Hk1 and Hk2 (hexokinase-1 

and -2), Pfkp/l/m (phosphofructokinase, platelet, liver, and muscle isoforms), Aldoa and Aldoc 

(aldolase-A and -C), Eno1 and Eno3 (enolase-1 and -3), Pkm2 (pyruvate kinase isoform m2), 

Ldha and Ldhb (lactate dehydrogenase-A and –B).  B, quantitative real-time PCR (qRT-PCR) 

analyses of RNA from B220+ bone marrow (BM) B cells from 4-6 week old WT (white bars, n = 

3) or premalignant Eμ-Myc littermates (gray bars, n = 3) or from Eμ-Myc lymphomas (black 

bars, n = 6). Error bars show standard deviation (SD) of mean. C, Expression of Mct2 and Mct3 

in Eμ-Myc B cells. RNA isolated from B220+ splenic B cells from 4-6 week old wild type (WT, n = 

5) and premalignant Eμ-Myc (n = 5) littermates and from Eμ-Myc lymphoma (n = 13) (5, 20) was 

analyzed using Affymetrix gene arrays. Mct2 and Mct3 were not expressed in wild type or Eμ-

Myc B cells or in Eμ-Myc lymphomas (cutoff for GCRMA = 17). D, Mct4 protein is expressed at 

low levels in Eμ-Myc lymphomas. MCT4 protein in human P493-6 B cell and Raji lymphoma 

cells is shown at left and Eμ-Myc lymphomas are shown at right. Exposures are equal and 

samples were run on the same blot. Low levels of Mct4 were present in most Eμ-Myc 

lymphomas, presumably due to hypoxic regions in these tumors (21). Immunoblotting with Actin 

antibody confirmed equal loading. 

 

Figure S2. Elevated MCT1 expression is a hallmark of human tumor subtypes with MYC 

involvement and the MYC-MCT1 signature connotes poor prognosis in breast and lung cancer.  



A, MCT1 transcripts are elevated in MYC-expressing Stage II/III colon cancer. The expression 

of MYC, MCT1, MCT2, MCT3 and MCT4 in 81 primary Stage II/III colon cancers was compared 

to that of normal adjacent colon tissue (n = 19). Data are from GSE18105 (8). B, MCT1 

expression is elevated in the squamous cell carcinoma subtype (n = 18) of non-small cell lung 

cancer (NSCLC), which express elevated levels of MYC versus the adenocarcinoma subtype (n 

= 40). The data are from GSE10245 (9). Note the inverse expression of MCT1 and MCT4 in the 

MYC-expressing squamous cell carcinoma subtype of NSCLC.  C, MCT1 expression is 

concordant with MYC in human lung adenocarcinoma. Clustering according to MYC mRNA 

levels revealed that lung adenocarcinoma (n = 230) having highest levels of MYC generally 

express the highest levels of MCT1. The data are from the caArray Lung Adenocarcinoma 

dataset (10). D, MCT1 expression is a hallmark of human breast adenocarcinoma with MYC 

involvement. Clustering of a metastatic human breast adenocarcinoma dataset (n = 204) (11) 

according to MYC mRNA levels revealed that breast adenocarcinoma having highest levels of 

MYC generally express high levels of MCT1 versus MCT2 and MCT3; high MCT4 levels were 

detected is some MYC-high tumors. E-G, The MYC-MCT1 circuit connotes poor outcome in 

human breast and lung cancer. (E) Relapse-free survival of basal-like (triple negative) breast 

cancers having a high MYC-MCT1 (n = 115) levels versus low MYC-MCT1 (n = 28) levels. (F) 

Relapse-free survival of breast cancer patients who did not receive chemotherapy having high 

MYC-MCT1 (n = 227) levels versus low MYC-MCT1 (n = 190) levels is shown. The data are 

from GSE1456, GSE3494, GSE6532 and GSE7390 (12, 13). (G) Overall survival of lung cancer 

patients having high MYC-MCT1 levels (n = 702) versus low MYC-MCT1 levels (n = 702). Data 

are from CAARRAY (n = 462), GSE14814 (n = 90), GSE19188 (n = 156), GSE29013 (n = 55), 

GSE31210 (n = 246), GSE3141 (n = 110), GSE37745 (n = 196), GSE4573 (n = 130), GSE8894 

(n = 138) and TCGA (n =133).  

 



Figure S3. MYC Induces MCT1 transcription. A, expression profiling (MAS5) and RNA-seq 

datasets of P493-6 B cells cultured with (+) or without (-) Tet, and that were or were not 

normalized with tracer RNA (24), were assessed for MYC and MCT1 expression. Note that 

regardless of method or normalization with tracer that MCT1 expression is induced by MYC. B, 

top, schematic of the human SLC16A1/MCT1 gene is shown, along with the locale of its four E-

boxes, MCT1 exon 1 (orange arrow) and the direction of transcription. Bottom, MYC, MAX and 

RNA Pol-II binding Chip-Seq datasets (22) to the human MCT1 gene in P493-6 cells cultured 

without Tet (Myc-On) for the indicated intervals is shown. Note that MAX is specifically and 

constitutively bound to the promoter region that harbors E-box1 and E-box-2, whereas binding 

of MYC and Pol-II only occurs following the expression of the c-Myc transgene. C, MCT1, 

MCT2, MCT3 and MCT4 mRNA levels in Raji lymphoma and MCF7 breast cancer cells were 

determined by qRT-PCR (n = 3). Expression is relative to Ub and error bars show SD of mean.   

 

Figure S4. MCT1 inhibition compromises the proliferation and survival of MCT1-expressing 

human tumor cells. A, structure of the MCT1 inhibitors AR-C122982 (SR13800) and AR-

C155858 (SR13801) that were synthesized and used in this study (19, 20). B, Raji lymphoma 

cells (which bear a mutant p53 allele, not shown) were treated with vehicle or 100 nM SR13800 

for 48 hr and PI-FACS analyses were performed. The percentage of cells in G1, S and G2+M 

phases of the cell cycle are shown (vehicle, G1 [28.2%], S [58.6%] and G2+M [10.1%]; 

SR13800, G1 [10.4%], S[25.5%] and G2+M [49.8%]). C, MCT1 inhibition leads to protracted cell 

death. Raji lymphoma cells cultured in growth medium were treated with vehicle, SR13800 (100 

nM) or SR13801 (100 nM) and their viability was assessed daily by trypan blue dye exclusion. 

The experiment shown was performed in triplicate and is representative of four independent 

experiments. Error bars are the SD. The protracted cell death induced by MCT1 inhibition was 

apoptotic, as it was associated with the activation of caspase-3 and cleavage of its substrate 



PARP (not shown). D, clonogenecity of human Raji BL and mouse 70Z3 B lymphoma is blocked 

by the MCT1/MCT2 inhibitors SR13800 or SR13801 (100 nM). The data shown were performed 

in duplicate and is representative of two independent experiments. Error bars are the SD. E, 

forced MCT4 expression overrides inhibition of lactate transport by SR13800. Vector-only 

transduced MCF7 cells, and these cells engineered to overexpress mouse Mct1 or human 

MCT4 were incubated with 0.5 μCi 14C-lactate +/- vehicle (white bars) or SR13800 (1 μM, black 

bars) for 10 minutes. Assays were performed in triplicate and are representative of three 

experiments. Error bars are the SD. F, overexpression of MCT1 or MCT4 does not alter the 

proliferation of MCF7 breast cancer cells. The indicated cells were seeded in triplicate and 

counted daily. Error bars are SD.  

 

Figure S5. MCT1 inhibition disables tumor cell metabolism and effects are augmented by 

metformin. A, Raji lymphoma cells were treated with vehicle or the indicated doses of SR13800 

for 24 hr and effects on ECAR were determined (n = 6). Error bars are the SD. B, inhibition of 

MCT1 also impairs ECAR in Ramos and Daudi BL. Top, Ramos and Daudi BL were treated with 

vehicle of 100 nM SR13800 for 1 hr. Six assays per group were run and the error bars are the 

SD. Bottom, expression of MCT1 and MCT4 was assessed in the indicated human B lymphoma 

cell lines by immunoblot. Immunoblotting with Actin antibody confirmed equal loading. C, Raji 

lymphoma cells were treated with vehicle or SR13800 (100 nM) for 8 hr and the expression of 

the indicated glycolytic enzymes was assessed by immunoblotting. Actin served as loading 

control. D, schematic of glutathione (GSH) metabolism. The ATP dependent step in GSH 

synthesis is the production of γ-glutamyl cysteine (γ-GC) from L-glutamate and cysteine, which 

is catalyzed by the heterodimeric enzyme glutamylcysteine ligase (GCL) that is comprised of 

catalytic (GCLC) and regulatory (GCLM) subunits. Glutathione synthase (GS) then catalyzes the 

addition of glycine to the C-terminus of γ-GC to form GSH. GSH is converted by glutathione 



peroxidase (GPx) to its oxidized form glutathione disulfide (GSSG), a reaction that protects the 

cell by converting hydrogen peroxide (H2O2) to water. Finally, GSSG can be reduced back to 

GSH by glutathione reductase (GR), which uses NADPH as an electron donor. E, levels of 

GCLC and GCLM are not affected by MCT1 inhibition. Raji lymphoma cells were treated with 

vehicle or SR13800 (100 nM) for 8 hr and levels of the indicated proteins were determined by 

immunoblot analyses. Immunoblotting with Actin antibody confirmed equal loading. 

 

Figure S6. Metformin augments the potency of MCT1 inhibitors. A, Raji lymphoma cells were 

treated with vehicle, SR13800 (100 nM), metformin (1 mM) or SR13800 plus metformin and 

levels of intracellular lactate were determined at the indicated intervals. The experiment shown 

is representative of three experiments. Error bars are the SD. B, left, Raji lymphoma cells were 

treated with vehicle, sub-EC50 levels of SR13800 (0.4 nM), metformin (1 or 0.1 mM) or with both 

SR13800 plus metformin. Right, Raji cells were treated with vehicle, EC50 levels (6.25 nM) of 

SR13800, metformin (1 or 0.1 mM) or with both SR13800 plus metformin. Cell number was 

determined daily. The experiment was performed in triplicate and error bars are the SD. C, D 

metformin (1 mM) augments the activity of SR13800 in MCT1-expressing tumor cells. C, effects 

of metformin (1 mM) +/- 100 nM SR13800 on the proliferation of MCT1-expressing mouse 9E10 

hybridoma, human Daudi BL and Jurkat T cell lymphoma cells is shown. D, effects of metformin 

+/- the indicated doses of SR13800 on the proliferation of human ER+ MCF7 or T47D breast 

cancer cells were determined after 6 (MCF7) or 3 (T47D) days. Error bars are the SD.  

 

Figure S6. MCT inhibitors impair the tumorigenic potential of MCT1-expressing human 

lymphoma and breast cancer. A, MCT1 and MCT4 expression in recipient mice bearing Raji 

lymphomas that arose in the spinal cord was assessed by immunohistochemistry (IHC) 

analyses with MCT1- and MCT4-specific antibodies. Left, H&E staining of these sections. 

Magnification is 10x. B, MCT1 (left) and MCT4 (right) expression in T47D breast cancer 



xenografts that arose in recipient mice. Note that MCT1 expression is membrane associated 

and is restricted to tumor cells whereas MCT4 is not expressed in tumor cells and is rather 

expressed at low levels in some stromal cells. Magnifications shown are 20x and 100x. C, the 

MCT1 inhibitor SR13800 has anti-lymphoma activity. NOD/SCID mice were injected with Raji 

lymphoma cells via tail vein (day 0). At day 3 mice were treated daily with vehicle (n = 10) or 

with 30 mg/kg SR13800 (n = 10). There were marked differences in survival of the two cohorts 

(p = 0.0024). D, metformin plus SR13800 treatment markedly impairs the progression of T47D 

breast cancer xenografts. 5-week old female NOD/SCID mice were implanted with a 60-day 

release β-Estradiol pellet. One day later 1 x 106 T47D cells in a 1:1 mix of medium:matrigel 

were injected subcutaneously as described (4). After 3 days, mice received daily injections of 

vehicle (n = 14) or of SR13800 i.p. (30 mg/kg) plus 2.5 mg/ml metformin (n = 16) for 5 days, 

then 5 mg/ml for the remainder of the study (in drinking water). Tumor volume was measured at 

the indicated intervals (***, p = 0.001; and ****, p = 0.0001). E, at day 34 post-transplant 

recipient mice bearing T47D breast cancer xenografts were humanely euthanized and the 

tumors weighed (*, p = 0.05; **, p = 0.01; and ***, p = 0.001). Data from two separate 

experiments are shown. F, treatment with SR13800 plus metformin did not affect overall body 

weight (vehicle, n = 14; SR13800 + metformin, n = 16). Indeed, toxicities of daily SR13800 

administration (+/- metformin) have not been observed in any treated control or tumor-bearing 

mice, for > 130 days, despite data indicating that loss of Mct1 leads to neuron loss and 

oligodendroglial pathogenesis (23). 

 

Figure S8. A shift to oxidative phosphorylation confers resistance to MCT1 inhibitors and effects 

of MCT inhibition of glycolytic intermediates. A, schematic of the selection of Raji lymphoma 

cells that are resistant to the MCT1 inhibitor SR13800. Lymphoma cells were cultured in 1 nM 

SR13800 (~5-fold below the EC50) and surviving cells were sequentially cultured in media 

containing increasing concentrations of SR13800, until lymphoma cells were totally resistant to 



SR13800 (in a time frame of 3-4 weeks). Six independent pools of SR13800-resistant Raji 

lymphoma cells (RajiR) were isolated in this fashion. B, resistance of RajiR lymphoma cells to 

SR13800 is not associated with changes in the expression of MCT1 or the induction of MCT4 

(left panels), or with changes in the levels of LDH-A or LDH-B (right panels). Actin blot 

established equal loading. C, Raji cells were treated with vehicle, SR13800, metformin or 

SR13800 plus metformin for 24, 48 or 72 hr and analyzed for changes in mitochondrial mass by 

staining with Mitotracker Green. D, death by peroxide: SR13800 blocks glycolysis, 

compromising ATP levels and GSH synthesis, triggering increases in H2O2. SR13800 inhibits 

MCT1, causing rapid increases in intracellular lactate (Lactatei) in highly glycolytic tumor cells 

and the uncoupling of LDH-A activity from GAPDH activity, in a fashion akin to the changes in 

glycolytic intermediates that ensue following exercise in the skeletal muscle of LDH-A-deficient 

patients (24). NADH levels rise in this scenario, favoring the conversion of DHAP to glycerol-

phosphate by GPDH. This draws triosephosphates away from the ATP generating arm of 

glycolysis and results in decreased levels of ATP, phosphoglycerates, phosphoenolpyruvate 

and pyruvate. In accord, SR13800 treatment results in an accumulation of intermediates 

upstream of GAPDH - glucose-6-phosphate (G6P), fructose-6-phosphate (F6P) and fructose 

bisphosphate (F1,6P and F2,6P). Lactate feedback inhibition of phosphofructose kinase 1 

(PFK1) (25, 26) may also contribute to the accumulation of G6P and F6P. In addition, glucose 

uptake is inhibited, likely via G-6-P feedback inhibition of HK2 (27), leading to increases in 

unphosphorylated intracellular glucose that feedback inhibits glucose transport.  

Glutathione (GSH) plays a central role as an antioxidant in the cell, in part by eliminating 

H2O2. GSH is synthesized from glutamate (Glu), cysteine (Cys) and glycine (Gly) by the 

sequential action of two enzymes, glutamylcysteine ligase (GCL) and glutathione synthetase 

(GS). GSH together with glutathione peroxidase (GPx) reduces H2O2 to water and oxidizes GSH 

to glutathione disulfide (GSSG).  GSSG is reduced to GSH by glutathione reductase (GR) and 

NADPH.  GCL requires ATP (28). Thus, as ATP levels drop following SR13800 treatment the 



levels of total GSH and NADPH also drop and levels of H2O2 increase, resulting in mitochondrial 

damage and cell death.  

Abbreviations: Lactatei (intracellular lactate), GSH (glutathione), G6P (glucose-6-

phosphate), F6P (fructose-6-phosphate), F2,6P (fructose-2,6-bisphosphate), F1,6P (fructose-

1,6-bisphosphate), PFK1 (phosphofructose kinase 1), PFK2 (phosphofructose kinase 2), AMPK 

(adenosine monophosphate activated kinase), Glu (glutamate), Cys (cysteine), Gly (glycine), 

GCL (glutamylcysteine ligase), γ-GC (γ-glutamylcysteine), GS (glutathione synthetase), GSH 

(glutathione), GSSG (glutathione disulfide), GPx (glutathione peroxidase) and GR (glutathione 

reductase).    
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