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Supporting information Materials and Methods 

 

Cytofluorimetric analysis. Phycoerithryn (PE)-labeled monoclonal antibody (mAb) against CXCR4 

(IgG2b) (from R&D Systems, Minneapolis, MN) was used for the detection of surface CXCR4. 

Irrelevant conjugated Abs of appropriate isotype (R&D or Becton Dickinson, Mountain View, CA) were 

used to establish specificity of staining. To quantify the average number of CXCR4 receptors per cell, 

the Quantum PE MESF kit (Bangs Laboratories Inc., Fishers, IN) was used according to the 

manufacturer's instructions. 

 

Reverse Transcription-PCR and Real-Time PCR. Total RNA was isolated using the RNeasy mini kit 

(Qiagen, Hilden, Germany) according to the manufacturer's instructions. cDNA was synthesized from 

0.5-1 μg of total RNA by use of the Superscript II first-strand system for RT-PCR (Invitrogen, Milan, 

Italy). PCR was done with AmpliTaq Gold polymerase (Applied Biosystems, Foster City, CA) following 

the manufacturer's instructions. Cycling conditions were 30 cycles (BRG & Ramos) or 35 cycles 

(hu/SCID lymphomas) (25 cycles for β2-m) of 95°C for 45 s, 58°C for 45 s, 72°C for 1 min. Amplified 

products were analysed on a 2% agarose electrophoresis gel and visualised under UV rays after 

ethidium bromide staining. Real-time PCR was done with SYBR Green dye and Gene AMP 5700 

Sequence Detection System (PE Biosystems, Foster City, CA). Two μL of cDNA were used as 

template; 10 μL of 2X Platinum SYBR Green qPCR SuperMix-UDG (Invitrogen) were mixed with 

template and primers. The total reaction volume was 20 μL. Cycling conditions were 10 min at 95°C, 

40 cycles of 15s at 95°C and 1 min at 60°C. Experiments were done in duplicate for each sample and 

experiments repeated at least twice. For all genes evaluated, mRNA was normalized to β2-

microglobulin (β2-m) mRNA by subtracting the cycle threshold (Ct) value of β2-m mRNA from the Ct 

value of the gene of interest (ΔCt).  Fold difference (2-ΔΔCt) was calculated by subtracting the 

ΔCt(treated sample)- ΔCt(normoxic sample), to generate a ΔΔCt. All PCR efficiencies were >95% 

and <105%.  

The following primers were used for the semi-quantitative PCR: human RGS1 (sense, 5'-

CCAGGAATGTTCTTCTCTGC-3'; antisense 5'-TGGCTGTAGATTCTCGAGTG-3'); human RGS2 
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(sense, 5'-CTGTTCAACACGACTGCAGA-3';  antisense 5'-TTGAAGTCTTCACAGGCCAG-3'); human 

RGS3 (sense, 5'-AGAAGAGAGTGTGCTGGTGC-3'; antisense 5'-GCTGGACAGTGGTTCTTGG-3'); 

human RGS13 (sense, 5'-ATGAGCAGGCGGAATTGT-3'; antisense 5'-

GTCTCTCTTGTCGAACTGTC-3'); human MKP-1 (sense, 5'-CCACCATCTGCCTTGCTTAC-3'; 

antisense 5'-CAGCACCTGGGACTCAAACT-3'); human TGFβ1 (sense,  5’-

TTCCTGGCGATACCTCAGCA-3’; antisense 5’-GCTAAGGCGAAAGCCCTCAA-3’); human TGFβ1R 

(sense, 5’- CGTCAGGTTCTGGCTCAGG-3’; antisense 5’-TTCTTCTCCCCGCCACTTTC-3’); human 

ARRB2 (sense, 5’- ACCACACGCCACTTCCTCAT-3’; antisense    5’-TGGTGGAGTTGTTGGTGACG-

3’) and  human β2-m (sense, 5'-TGCTGTCTCCATGTTTGATGTATCT-3'; antisense 5'-

TCTCTGCTCCCCACCTCTAAGT-3').  

While primer pairs used for Real-time PCR were as follows: human CCR6 (sense, 5'- 

GCCTGAACCCTGTGCTCTAC-3'; antisense 5'-CTGGTCTGCCGAGAAATGTT-3'); human CCR7 

(sense, 5'-TCAACATCACCAGTAGCACCTGTG-3'; antisense 5'-

CAGGTCCTTGAAGAGCTTGAAGAG-3'); human CXCR3 (sense, 5'- 

GTGGCCGAGAAAGCAGGGTAGACG-3'; antisense 5'-CAGGCGCAAGAGCAGCATCCACAT-3'); 

human CXCR4 (sense, 5'-GCCTTATCCTGCCTGGTATTGTC-3'; antisense 5'-

GCGAAGAAAGCCAGGATGAGGAT-3'); human CXCR5 (sense, 5'-TAACGCTGGAAATGGACCTC-

3'; antisense 5'-CAGGAGGAAGATGAGGCTGT-3'). The primers for human β2-m, human RGS1 and 

MKP-1 were the same as those used in semi-quantitative PCR. 

 

CXCR4 compartmentalization. The distribution of CXCR4 in intracellular versus cell surface 

compartments was assessed by flow cytometric quantitation as previously described (1, 2). 

Expression of surface CXCR4 on lymphoma cells was detected with PE-labeled mAb against CXCR4 

(Pharmingen, San Diego, CA). Intracellular staining was done as follows: after blocking with non-

conjugated anti-human CXCR4 mAb (clone 12G5; 40 μg/ml, 45 minutes at 4°C), the cells were fixed 

with 2% formaldehyde and then permeabilized with 0,1% saponin (Sigma) for 20 min. Monoclonal 

anti-human CXCR4-PE (Pharmingen) was then used to label cells for flow cytometry. The distribution 
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of CXCR4 in intracellular and extracellular pools was expressed as a percentage of total CXCR4 

expression [intracellular mean fluorescence intensity (MFI) plus extracellular binding or MFI]. 

 

Northern Blot 

Total RNA was isolated by Trizol (Invitrogen) from hypoxic, normoxic or CoCl2-treated cells. Fifteen 

μg of total RNA from each sample was resolved on a 1.2% agarose-formaldehyde gel, 

electrophoresed  under denaturing conditions and transferred to Hybond-N+ nylon membrane 

(Amersham-Pharmacia, Uppsala, Sweden). The CXCR4 probe was obtained by RT-PCR using BRG-

derived total RNA as template and the CXCR4 primers previously described. Probes were labeled by 

random priming (Rediprime kit, Amersham) using α-[32P]dCTP. Membranes were prehybridized at 

42°C for 2 h in prehybridization solution and hybridized with 32P-labeled probe. Membranes were 

washed three times at room temperature with 0,2 ×SSC, 0,1% SDS for 10 min and once at 65°C for 

15 min with 0.1 ×SSC, 0,1% SDS before being autoradiographed using films and intensifier screens 

at -80°C.   

 

Western Blot. Following exposure to hypoxia, cells were harvested and prepared for SDS-

polyacrylamide gel electrophoresis and immunoblotting. Immunoreactivity levels were evaluated by 

subjecting samples of whole cell lysates (60 μg of protein) to immunoblotting with antibodies (Abs) 

specific for MKP-1 (V-15, 1:500 dilution; Santa Cruz Biotechnology, Santa Cruz, CA), RGS1 (H-70, 

1:500 dilution; Santa Cruz), rabbit polyclonal anti-HIF-1α Abs (Santa Cruz), nucleoporin p62 

(Transduction Laboratories, Lexington, KY) and α-tubulin (Sigma). The signal was then detected by 

ECL according to the manufacturer's instructions (Amersham Pharmacia Biotech).  

 

Confocal microscopy. Lymphoma cells were grown on poly-L-Lysine coated coverslips for 18 h 

under normoxic or hypoxic conditions as indicated in the text. Cells were fixed in 2% 

paraformaldehyde for 15 min, washed and then stained with the mouse anti-CXCR4 mAb (1:300) 

diluted in PBS/1%BSA for 1 h at room temperature. After extensive washing, cells were incubated 
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with an Alexa-488 conjugated anti-mouse secondary Ab (Molecular Probes, Leiden, The Netherlands; 

green signal). Cells were then washed and permeabiIized with PBS-1%BSA-0,1% saponin for 30 min 

on ice. To visualize cell nuclei we stained cells with TO-PRO-3 iodide (Molecular Probes, blue signal) 

for 15 min, before washing and mounting of coverslips on glass slides for microscopy. In experiments 

evaluating HIF-1α expression, following permeabilization, cells were initially incubated with rabbit 

polyclonal anti-HIF-1α Abs (Santa Cruz, CA), washed and then incubated with an Alexa-594 

conjugated anti-rabbit secondary Ab (Molecular Probes; red signal) before undergoing nuclear 

staining as mentioned above. In experiments evaluating β2 arrestin (ARRB2) expression in Burkitt 

lymphoma cells lines and MKP-1 and RGS1 expression in DLBCL cell lines, cells were fixed as 

described above before being stained with the appropriate primary Abs [mouse anti-ARRB2 (Santa 

Cruz, 1:50 dilution); rabbit anti-MKP-1 (1:50); rabbit anti-RGS1 (1:20)], all diluted in PBS/1%BSA for 1 

h at room temperature. Subsequently, cells were washed and then incubated with an Alexa-488 

conjugated anti-rabbit or anti-mouse secondary Ab (Molecular Probes; green signal) before 

undergoing nuclear staining with propidium iodide (PI, Sigma; red signal). Confocal laser scanning 

microscopy was carried out with a Zeiss LSM 510 microscope (Jena, Germany) using Argon (488 

nm) and Helium-Neon (543-633 nm) laser sources.  

For immunofluorescence analysis on tissue sections, 5 μm-thick paraffin-embedded sections were 

incubated with selected primary Abs, washed and incubated with the goat anti-rabbit Alexa Fluor 488 

(Molecular Probes) secondary antibody. Nuclei were then stained with propidium iodide (red signal) 

before being analysed by confocal laser microscopy. The distribution of the specific signal was 

carried out using the "2,5D" software (Zeiss). 

 

Chemotaxis assay. Lymphoma cell migration was evaluated using a 96-well Multiscreen-MIC plate 

(Millipore, Billerica, MA) according to the manufacturer's recommendations. For chemotaxis assays, 

150 μL of chemoattractant solution or control medium (RPMI) was added to the lower wells of the 

chemotaxis plate. The filter plate (5 μm pore size) was lowered onto the receiver plate, and 100 μL of 

a lymphoma cell suspension (2-3 ×106/ml) previously preincubated under normoxic or hypoxic 

conditions for 18 h was added to the wells of the filter plate. The assembled Multiscreen-MIC plate 
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was incubated at 37°C in air, 5% CO2 for 3-5 h. At the end of the incubation period, the plate was 

disassembled and the cells migrated to the receiver wells fixed and counted by flow cytometry and 

under a light microscope (magnification X1000). Each experiment was done in triplicate. Results are 

shown as percentage of input cells or as chemotactic index (ratio of the number of cells migrating 

towards the CXCL12 gradient to the number of cells migrating towards media alone).  

 

B lymphocyte purification. Peripheral blood and tonsillar B cells were isolated by immunomagnetic 

negative selection (B cell isolation kit II, MACS; Miltenyi Biotec, Bergisch Gladbach, Germany) (3). 

Subsequently, subsets of tonsillar B cells were obtained by negative selection as described (4).  

 

 

ELISA for ERK1/2. For a quantitative assessment of activated (phosphorylated) ERK1/2 and total 

ERK1/2 we used the Fast Activated Cell-based ELISA (FACE) kits (Active-Motif, Carlsbad, CA) 

according to the manufacturer's instructions. Lymphoma cells were seeded onto poly-L-lysine coated 

96-well plates (250 ×103/well), serum starved and incubated under normoxic or hypoxic conditions for 

18 h. Subsequently, cells were stimulated for the appropriate time intervals with CXCL12 (100 ng/ml) 

before being fixed with 8% formaldehyde for 20 minutes. Fixed cells were then washed, 

permeabilized and incubated with diluted anti-phospho-ERK or total-ERK Abs overnight at 4°C. After 

extensive washing, cells were incubated with diluted HRP-conjugated secondary Ab and incubated 

with the developing soltution for 5-15 min. At this point, the stop solution was added and the 

absorbance read on a spectrophotometer at 450 nm. 

 

Identification of hypoxic cells in vivo. SCID mice were purchased from Charles River (Wilmington, 

MA), and maintained in our animal facilities under pathogen-free conditions. Procedures involving 

animals and their care conformed with institutional guidelines that comply with national and 

international laws and policies (EEC Council Directive 86/609, OJ L 358, Dec. 12, 1987). To identify 

hypoxic tumor cells we used pimonidazole hydrochloride (Hypoxyprobe-1; Chemicon International 

Inc.)  which was administered 3-5 h before animal sacrifice at 80 mg/kg of body weight in saline for 
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hu/SCID lymphoma-bearing mice (or 100 mg/kg for BRG tumor-bearing mice). Tumor cell 

suspensions were then evaluated for expression of CXCR4  and pimonidazole adducts. After CXCR4 

surface staining (with an IgG2b mouse mAb), cells were fixed with 2% formaldehyde and 

permeabilized in PBS-1% BSA-0.1 %saponin. Subsequently, cells were incubated with an anti-

pimonidazole IgG1 mAb (clone 4.3.11.3, Chemicon Intenational, Temecula, CA) for 45 min on ice. 

After extensive washing, cells were stained with Cy5-conjugated goat anti-mouse IgG1 (Caltag 

Laboratories, Burlingame, CA) secondary Ab and analysed by flow cytometry.  

 

Gene expression profiles database. The gene expression profiles in the different cell populations 

and lymphoma types were obtained at the web site http://llmpp.nih.gov/lymphoma and correspond to 

the previously published data described by Alizadeh et al.(5). The expression colorbar shown in 

supplementary Figure 3S, was obtained searching for the expression levels of RGS1 in this data set 

and the genes with the most similar expression levels.   

 

Statistical analysis. Results were expressed as mean value ± SD. Statistical analysis of 

the in vitro data was performed using the non-parametric Mann-Whitney test. Differences 

were considered statistically significant when P < 0.05. 
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Supplementary Figure Legends 

 
 
Figure 1S: Effect of hypoxia (and CoCl2) on the expression levels of β2-arrestin, TGF-β and its receptor 

TGF-βR1 at the mRNA level (left panels). As a control for RNA loading, primers specific for βB2B-m 

were used. Right panel: immunofluorescence staining for of β2-arrestin in BRG Burkitt lymphoma 

cells. 

 

Figure 2S. Effect of hypoxia on MKP-1 and RGS1  proteins in DLBCL cell lines.  

            DLBCL lymphoma cells of the three different subtypes (GCB, ABC and unclassified or type III ) 

were cultured for 18 h in normoxia (Norm) or treated with the HIF-1α stabilizing reagent CoCl2. 

Total RNA was extracted and analyzed by (A) quantitative RT-PCR (qRT-PCR) for MKP-1 and 

RGS1 mRNA expression and (B) immunofluorescence (IF) for MKP-1 and RGS1 protein 

expression. Results of qRT-PCR represent mean values ± SD of 3 consecutive experiments. In  

IF images,  RGS1 or  MKP-1 stain in green, propidium iodide (PI) stains nuclei in red. Merge 

refers to the merging (sovraposition) of the red signal (PI) and the green signal (MKP-1 or RGS1).  

 

Figure 3S.  Expression of  HIF-1α  and CXCR4 within primary human lymphoma samples of  GC-origin 

(DLCBL) and of non-GC origin (marginal zone and mantle cell lymphomas). (A) 

Immunohistochemical staining of lymphoma sections with antibodies against HIF-1α and CXCR4. 

Insets show a higher magnification (×1000) of each marker studied. Original magnifications: 

×400. GC-B DLBCL: Germinal center B-cell-like Diffuse large B cell lymphoma; ABC-DLBCL: 

Activated B-cell like Diffuse large B cell lymphoma MZ: marginal zone lymphoma; MCL: Mantle 

cell lymphoma. 

 

Figure 4S. Gene expression patterns for MKP-1, RGS1, CXCR4 and HIF-1α in different cell populations 

and lymphoma types as obtained from the web site http://llmpp.nih.gov/lymphoma. This plot was 

obtained searching this site for the the expression levels of each of the indicated genes.  The 
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dendrogram is colour coded according to the category of mRNA sample studied (see upper key). 

Each row represents a separate cDNA clone on the microarray and each column a separate 

mRNA sample. The results presented represent the ratio of hybridization of fluorescent cDNA 

probes prepared from each experimental mRNA samples to a reference mRNA sample. These 

ratios are a measure of the relative gene expression in each experimental sample and were 

depicted according to the colour scale shown at the bottom. Grey indicates missing or excluded 

data (5). FL: follicular lymphoma; CLL: chronic lymphocytic leukemia; GLUT3: glucose transporter 

3; PIGF: Placental growth factor; VEGF: vascular endothelial growth factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 


