
Supplementary Materials 

1. Methods 

Reagents: Fibronectin (Sigma; Rehovot, Israel) VCAM-1(R&D Biosystems; Minneapolis, MN, USA); BSA 

(Sigma); Daunorubicin, ARA-C (Cytosine β-D-arabinofuranoside); 2,3-Dimercapto-1-propanesulfonic acid 

(DMPS), phenylarsine oxide (PAO),  (Sigma); LY294002 (calbiochem; Dermstadtt, Germany); Xtt cell 

proliferation kit (Biological industries, Bet Haemek, Israel); EZ-link biotin-Bmcc (Pierce Biotechnology; IL, 

USA); Ane-V-FITC Apoptosis detection Kit (MBL; MA, USA) FAM FLICA Caspase -3,7 detection Kit 

(Immunochemistry Technologies LLC; MN, USA) Anti beta 1 (cd29) R&D systems, MN, USA); Anti 

biotin, anti BCl2, anti pAkt, anti pAkt (Cell signaling Technology, MA, USA); anti Cd49d, anti cd49e 

(Serotec, NC, USA). Anti-human HUTS-21 mAb (CD29)(BD Biosciences, CA, USA); anti human β1 

integrin (abcam, MA, USA)  Biotin-BMCC (Pierce). biotin-MBP (Invitrogen/Molecular Probes, Eugene, 

OR, USA). Lipofectamine (Invitrogen, Carlsbad, CA). 

Animals: 7-8 week-old male SCID mice were obtained from Harlan Laboratories (Jerusalem, Israel). Animal 

experiments were performed in accordance with approved Institutional protocols. Mice were irradiated at 2 

Gy and were then administered U937 cells (5×106) intravenously. SCID mice transplanted with U937 were 

treated with AS101 (0.5mk/kg) or PBS, I.P. 3 times weekly as specified in figure legends. ARA-C was 

injected I.P. at day 7 (20mg). 

Determination of apoptosis was assessed by double staining for Annexin V/PI using an apoptosis detection 

kit (Bender Med Systems Inc., USA). Activity of caspases was analyzed by FACS using FLICA caspase 

activity kits (Alexis Biochemicals, San-Diego, CA).  

VLA-4 shRNA Mouse integrin α4 shRNA plasmid (Santa Criz Biotechnol.(Texas, USA) and shRNA 

plasmid for human ITGA4 (CA, USA) were used for stable transfection in Wehi-3B cells or patient leukemic 

cells respectively. 

Oligonucleotides and plasmids: Phosphothioate-modified antisense or mismatch control ODNs were 

purchased from hylabs (Rehovot, Israel) and dissolved in water. The ODNs had the following sequences and 

positions: Antisense 5'-TCTCCCAGCGTGCGCCAT-3’; scramble 5'TACCGCGTGCGACCCTCT-3’; 

Scrambled: 5'TACCGCGTGCGACCCTCT- 3. pBabe -Akt and the empty vector  were a gift from  

Dr. Ranan Berger (Sheba, Ramat Gan, Israel), pEGFP-C3 and pEGFP-Bcl-2 was a gift from  



Prof. Ronit Sarid (Bar Ilan, Ramat Gan, Israel). For transfection of ODNs or vectors, polycationic 

transfection reagent (Lipofectamine;Invitrogen, Carlsbad, CA) was used to facilitate uptake, according to the 

protocol recommended by the manufacturer.  

PCR analysis was performed for the detection of human leukemic cells in various organs. The following 

human α satellite and GAPDH specific primers were used: Forward: 5'-

GGGATAATTTCAGCTGACTAAACAG-3' and Reverse: 5'-AAACGTCCACTTGCAGATTCTAG -3'. 

GAPDH: Forward: 5’-ACCCAGAAGACTGTGGATGG-3’ AND Reverse: 5’-ccaggaaatgagcttgacaaa-3’. 

After amplification, the sample was separated on an agarose gel containing ethidium bromide and bands 

visualized and photographed using an ultraviolet transilluminator. 

Plasmid construction and GFP mutations. Plasmids encoding the human VLA-4 subunits α4 and β1 were 

purchased from Source BioScience imaGenes (I.M.A.G.E numbers 100015216 and 3924411, respectively). 

DNA inserts were cloned into either expression vector pECFP-N or pEYFP-N to obtain cyan fluorescent 

protein (CFP) or yellow fluorescent protein (YFP)-tagged proteins, respectively .Aequorea GFP derivatives 

were rendered monomeric by the A206K substitution described by D. A. Zacharias et al(29). 

FRET correction. The non-FRET components were calculated and removed using calibration curves 

derived from images of single-labeled CFP- or YFP-expressing cells. Sets of reference images were obtained 

using the same acquisition parameters as were used for the FRET experimental images. To correct for CFP 

“bleed through,” the intensity of each pixel in the CFP image from CFP-expressing cells was compared to 

the equivalent pixel in the FRET image of the same cells. A calibration curve was derived that defined the 

amount of CFP fluorescence seen in the FRET image as a function of the fluorescence in the CFP image. A 

similar calibration curve was obtained defining the amount of YFP fluorescence appearing in the FRET 

image as a function of the intensity in the YFP image, using images of cells expressing only YFP. Separate 

calibration curves were derived for each set of acquisition parameters used in the FRET experiments. Then, 

using the appropriate calibration curves, together with the CFP and YFP images, the amount of CFP bleed 

through and YFP cross-excitation was calculated for each pixel in the experimental FRET images. These 

non-FRET components were subtracted from the raw FRET images, yielding corrected FRET images. 

FRET efficiency calculation. The FRET efficiency (FRETeff) was calculated on a pixel-by-pixel basis with 

the following equation: FRETeff = FRETcorr/(FRETcorr + CFP) × 100%, where FRETcorr is the pixel 



intensity in the corrected FRET image and CFP is the intensity of the corresponding pixel in the CFP channel 

image. 

To increase the reliability of the calculations and to prevent low-level noise from distorting the calculated 

ratio, we excluded pixels below 50 intensity units and saturated pixels from the calculations and set their 

intensities to zero. These pixels are shown in black in the “pseudocolored” FRET efficiency images. 

To estimate the importance of the FRET efficiency values obtained and to exclude the possibility of 

obtaining false-positive FRET results, we prepared cells expressing free CFP and free YFP as negative 

controls. The FRET efficiency in the negative-control system was measured and calculated in the same way 

as in the main experiment. FRET efficiency values obtained from the negative-control samples were 

subtracted from the values obtained in the main experiments. 

Image processing and quantitation. The acquired images were extracted with the LSM browser (Carl Zeiss) 

and cropped and composed into figures within Adobe Photoshop. 



Supplementary Figure Legends 

Fig. S1: AS101 induces chemotherapy-induced apoptotic death by decreasing VLA-4 activity U937 

cells were incubated on FN in the presence of ARA-C (10-6M), AS101 (1µg/ml), or the combination of both 

for 24h. Apoptosis was assessed by AnnexinV binding (a) or by quantitation of caspases 3,7 activity by 

FACS using FLICA caspase activity kits (b).The results represent one of four independent experiments 

performed. Results for FRET positive controls (cells expressing CFP and YFP encoded on the same plasmid, 

i.e., maximal FRET obtained in this system) and negative controls (CFP and YFP expressed by different 

plasmids and undergoing minimal FRET, i.e., only that produced by random colocalizations)(c). 

Fig. S2: Chemoresistance of myelomonocytic leukemia cells induced by BM Stromal cells is abrogated 

by AS101. (a) Wehi-3B mouse myelomonocytic leukemia cells were co-cultured with MS-5 mouse BM cells 

in the presence or absence of ARA-C (10-6M), AS101 at various concentrations or both for 24h. The 

percentage of cell viability was assessed by the XTT assay. Data are shown as mean± S.E of three 

independent experiments. *p<0.05; **p<0.01. (b) Cells were cultured on FN in the presence or absence of 

AS101 (1µg/ml) or DTNB (100µM) or both combined. ARA-C at 10-6M was added to cell cultures. Cell 

viability was assessed by XTT. Data are shown as mean± SE of 3 independent experiments. *p<0.05. 

Fig. S3: The VLA-4 integrin activity on AML cells can be directly affected by AS101 by redox 

rearrangements of vicinal thiols within the cysteine-rich domain of the integrin resulting in physiologic 

consequences. U937 cells were cultured on FN or BSA in the presence of AS101(1µg/ml) or PBS for 

1h.They were then treated with Biotin-BMCC (50µM) (membrane permeable) for 1h. As controls cells were 

treated with DTT (10µM) or DTT+AS101(AS101 was added after cells with DTT were washed twice). Cells 

were subjected to immunoprecipitation with either α4 or β1 antibodies. Exposed sulfhydryl groups on the α4 

and β1 peptides were assessed following immunoblotting with anti biotin antibodies. The results represent 

one of three experiments performed (a). Cells were treated as described in a. and labeled with Biotin-BMCC 

The α4 chain was  immunoprecipitated and blotted with either anti α4 or anti biotin.1-control PBS; 2-control 

DMPS; 3-control βME; 4-AS101; 5-AS101+DMPS; 6-AS101+βME; 7-PAO; 8PAO and DMPS; 9-PAO and 

βME. The results represent one of five experiments performed (b). 

Fig S4. DTNB or AS101 sensitize high VLA-4 expressing lekemic cells from AML patients, to 

chemotherapy. Leukemic cells from high (a) or low (b) VLA-4 leukemic cells from AML patients, were 

cultured on FN or BSA-coated plates in the presence or absence of AS101 (1µg/ml) or DTNB (100µM) or 



both combined. Cell viability was assessed by XTT. Data are shown as mean± SE of 3 independent 

experiments. **p<0.001 vs AS101 0 in the ARA-C group. *p<0.001 vs the relevant doses of AS101 in the 

control group. The results represent mean± SE of 3 patients in each group. 

Fig. S5: Knocking out VLA-4 in mouse myelomonocytic leukemia cells or human AML leukemic cells 

induces drug sensitivity which is not further enhanced by AS101. Mouse integrin α4 shRNA plasmid and 

shRNA plasmid for human ITGA4 were used for stable transfection in Wehi-3B cells (a) or AML patient 

leukemic cells (b) respectively. N=3. *p<0.05; **p<0.01. 

Fig. S6: Inhibition of pAkt mediates AS101’s activity involving chemotherapy-induced AML cell death 

as tested by subG1 accumulation. U937 cells were transfected with pBabe overexpressing Akt or with an 

empty vector. Both were cultured on FN in the presence or absence of ARA-C and AS101. Cells were tested 

for cell death by quantitation of subG1 accummulation. Results show one representative experiment of 3 

performed. 

Fig S7. Treatment with AS101 prevents MRD in a xenograft mouse model of AML. Male SCID mice 

were irradiated at 2 Gy and were then administered  human U937 leukemic cells (5×106), intravenously. 

Mice were treated with ARA-C (20mg), I.P. on day 7 with or without AS101 (0.5mg/kg) 3 times weekly 

starting at day 7 until the end of experiments. At various time point after transplantation, PCR analysis of the 

human �satelite gene and of GAPDH from different organs was assessed for assessment of leukemic mass 

(N=5/group) (a). Survival of mice was monitored. (10 mice/ group). *p<0.05 vs PBS,  

ARA-C, AS101 (b).  

 


