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Long-term culture initiating cell (LTC-IC) assay 

For LTC-IC assays CD34+ cells were plated in limiting dilution in a 96-wells plate precoated 

with MS5 stromal cells. Cells were expanded in LTC medium (α-minimum essential medium 

supplemented with heat-inactivated 12.5% fetal calf serum (Sigma, Zwijndrecht, The 

Netherlands), heat-inactivated 12.5% horse serum (Sigma), penicillin and streptomycin, 2 

mM glutamine, 57.2 µM β-mercaptoethanol (Sigma) and 1 µM hydrocortisone (Sigma) 

supplemented with 20 ng/ml IL-3, 20 ng/ml granulocyte colony-stimulating factor (G-CSF) 

(Rhone-Poulenc Rorer, Amstelveen, The Netherlands) and 20 ng/ml thrombopoietin (TPO) 

(Kirin, Tokyo, Japan). Cultures were kept at 37 ºC and 5% CO2. Cultures were demi-

depopulated weekly for medium change. After five weeks suspension cells were removed 

and methylcellulose (StemCell Technologies) supplemented with 20 ng/ml of interleukin-3, 

20 ng/ml of interleukin-6 (both from Gist-Brocades), 20 ng/ml of G-CSF (Rhone-Poulenc 

Rorer), 20 ng/ml of c-kit ligand (Amgen), and 6 U/ml of erythropoietin was added. Wells 

containing CFCs were scored as positive and the LTC-IC frequency was calculated using L-

Calc Limiting Dilution Software (StemCell Technologies). 

 

Measurement of intracellular ROS levels 

Intracellular ROS levels were determined by staining cells with the probe 5- (and 6)-

chloromethyl-2’,7’-dichlorodihydrofluorescein diacetate (CM-H2DCFDA; Invitrogen). Cells 

were suspended in a concentration of 106 cells/ml and CM-H2DCFDA was added to the cell 

suspension in a final concentration of 5 µM, followed by incubation at 37˚C for 30 minutes. 

Cells were washed and FcR blocking at 4˚C for 10 minutes was performed, followed by 

staining with CD34-PeCy7 and CD38-APC at 4˚C for 20 minutes. Thereafter cells were 

washed and analyzed on an LSR II flow cytometer (Becton Dickinson (BD), Alpen a/d Rijn, 

The Netherlands). The mean fluorescence intensity (MFI) of CM-H2DCFDA was calculated 

using FlowJo and compared between groups. 

 

In vitro treatment with buthionine sulfoximine (BSO) 

CD34+ normal bone marrow, post-ASCT bone marrow or PBSC cells were isolated and 

cultured in HPGM supplemented with 20 ng/ml IL3 and increasing concentrations of BSO. 

After three days of culture, cells were harvested, washed and counted for living cells. 

Thereafter colony forming cell (CFC) assays were performed in methylcellulose (StemCell 

Technologies) supplemented with 20 ng/ml of interleukin-3, 20 ng/ml of interleukin-6 (both 

from Gist-Brocades), 20 ng/ml of G-CSF (Rhone-Poulenc Rorer), 20 ng/ml of c-kit ligand 

(Amgen), and 6 U/ml of erythropoietin was added. Two weeks later, colonies were counted. 



To get insight in the sensitivity of human hematopoietic CD34+ cells for BSO, the 

experiments were preceded by a titration experiment with CD34+ cord blood cells incubated 

with increasing concentrations of BSO.  

 

Gene expression profiling 

Total RNA was isolated using the RNeasy micro kit from Qiagen (Venlo, The Netherlands) 

according to the manufacturer’s recommendations. RNA quality was examined using the 

Agilent 2100 Bioanalyzer (Agilent Technologies, Waldbronn, Germany). Genome-wide 

expression analysis was performed on Illumina (Illumina, Inc., San Diego, CA) BeadChip 

Arrays Sentrix Human-12 v3 (46k probesets). Typically, 200ng mRNA for amplification with 

Illumina TotalPrep RNA Amplification Kit (Ambion) and 750ng of cRNA was used in labeling 

reactions and hybridization with the arrays according to the manufacturer’s instructions. Data 

were analyzed using the BeadStudio v3 Gene Expression Module (Illumina, Inc.) and 

Genespring (Agilent, Amstelveen, The Netherlands). Clustering analyses were performed 

using Genespring GX10 software. 

 

 



Patient characteristics of patients one year post-ASCT 
 

 
Abbreviations: MM = multiple myeloma; NHL = non-Hodgkin lymphoma; SLE = systemic lupus erythematosus;  
F = female; M = male; TAD = Thalidomide, Doxorubicin and Dexamethasone (Dexa); R = Rituximab; CHOP = 
Cyclophosphamide, Hydroxydaunorubicin (Doxorubicin), Oncovin (Vincristine) and Prednisone; VAD = Vincristine, 
Doxorubicin and Dexamethasone; DHAP = Cisplatin, Cytarabine and Dexamethasone; VIM = Etoposide, 
Ifosfamide and Methotrexate (MTX); Mob = mobilisation regime; CAD = Cyclophosphamide, Adriamycin and 
Dexamethasone; Ara-C = Arabinofuranosyl Cytidine (Cytarabine); NDA = no data available. 
* for conditionering these patients were treated like MM patients with high dose (HD) Melphalan. 
 

ID Diagnosis Sex Age Therapy prior to ASCT Mob Infused CD34+ 
cell number 
(x106 cells/kg) 

BM224 AL-amyloidosis* F 56 Dexamethasone,  
Thalidomide, Bortezomib 

CAD 4.22 

BM225 MM M 60 3x TAD CAD 10.91 
BM226 Scleromyxoedema* F 47 Thalidomide/Dexamethasone CAD 4.49 
BM227 NHL M 61 R-CHOP Ara-C 7.82 
BM230 MM F 46 3x TAD CAD 5.08 
BM231 MM M 53 3x TAD, 

Bortezomib/Dexamethasone 
CAD 8.26 

BM233 MM M 60 3x TAD CAD 5.05 
BM240 POEMS syndrome* M 50 - CAD 11.15 
BM243 NHL F 55 R-CHOP Ara-C 12.78 
BM245 MM M 59 3x TAD CAD 4.48 
BM248 NHL M 54 R-CHOP Ara-C 25.0 
BM249 MM M 54 3x VAD, Thalidomide/Dexa CAD 4.90 
BM250 MM M 57 3x TAD CAD 6.46 
BM251 NHL M 46 R-CHOP Ara-C 10.14 
BM261 MM F 63 3x TAD CAD 6.48 
BM262 MM M 53 3x TAD CAD 4.36 
BM289 NHL M 50 R-CHOP Ara-C 4.00 
BM295 MM M 61 8x VAD, Lenalidomide CAD 7.45 
BM296 MM F 54 3x TAD CAD 7.14 
BM298 MM M 61 3x Bortezomib/Dexa CAD 8.95 
BM299 MM M 58 3x TAD CAD 6.13 
BM312 MM M 68 3x TAD CAD 4.89 
BM314 MM F 52 3x TAD CAD 6.70 
BM315 MM M 46 3x PAD CAD 6.14 
BM319 MM M 60 3x TAD CAD 6.84 
BM320 MM M 44 6x Bortezomib/Dexa CAD 6.92 
BM323 MM F 52 3x TAD CAD 6.38 
BM324 MM M 67 2x TAD + 1x AD CAD 6.71 
BM325 B-CLL M 54 RVP, RFC, R-DHAP NDA NDA 
BM326 NHL M 51 3x R-CHOP Ara-C 5.85 
BM327 
 

AL-amyloidosis* 
 

M 57 
 

Thalidomide/Dexamethasone, 
Lenalidomide 

CAD 
 

5.86 
 

BM328 MM F 66 3x TAD CAD 6.16 
BM274 MM M 54 3x TAD CAD 6.89 
BM264 SLE M 44 MTX, Prednisone CAD 6.47 
BM269 NHL M 49 R-DHAP/R-VIM/R-DHAP Ara-C 8.13 
BM270 MM M 60 3x TAD CAD 5.65 
BM271 NHL M 66 8x R-CHOP, DHAP, R-VIM R-VIM 11.27 



Blood cell counts and performed experiments of patients one year post-ASCT 
 

 
Abbreviations: Hb = hemoglobin; Q = quiescence analysis; LTC-IC = long-term culture initiating cell assay; ROS = 
analysis of reactive oxygen species; BSO = treatment with buthionine sulfoximine; GEP = gene expression 
profiling by micro-array analysis. 
 
 
 

ID Hb 
(mmol/l) 

Leukocyte 
(x109/l) 

Granulocyte 
(x109/l) 

Platelet 
(x109/l) 

Q LTC-
IC 

ROS BSO GEP HMOX1 
qPCR 

BM224 8.6 5.0 2.55 102   x  x  
BM225 8.6 5.7 3.63 182   x  x  
BM226 7.8 3.7 2.66 120     x  
BM227 7.5 3.4 1.87 97     x  
BM230 7.8 4.2 1.88 185     x  
BM231 8.6 3.5 1.33 223     x  
BM233 8.2 4.8 2.83 127   x    
BM240 7.3 4.8 2.63 89 x  x    
BM243 7.3 7.2 NDA 87 x  x    
BM245 8.1 2.8 1.77 149 x  x    
BM248 8.7 5.5 4.27 192 x  x    
BM249 8.6 5.1 3.07 172   x    
BM250 7.7 2.6 1.47 199 x  x    
BM251 7.6 3.9 2.09 126 x  x    
BM261 8.2 3.7 1.90 121   x   x 
BM262 8.5 4.4 2.08 150   x    
BM289 7.9 4.4 2.29 64  x     
BM295 8.4 6.4 3.62 217  x     
BM296 8.3 6.3 2.35 202  x     
BM298 6.2 3.4 2.42 59  x     
BM299 10 8.2 4.98 239  x     
BM312 7.6 4.6 3.29 94    x   
BM314 8.6 5.0 1.97 175    x   
BM315 8.9 6.1 5.60 194    x   
BM319 7.9 4.1 2.11 32    x   
BM320 8.6 4.3 4.41 98    x   
BM323 7.9 5.2 2.84 126    x   
BM324 7.4 3.8 3.76 144    x   
BM325 8.4 5.5 4.24 178    x   
BM326 8.5 3.6 2.36 119    x   
BM327 7.9 5.3 4.49 122    x   
BM328 8.3 4.1 2.11 80    x   
BM274 8.5 6.5 4.10 120      x 
BM264 7.4 4.0 2.75 146      x 
BM269 9.3 6.6 4.57 171      x 
BM270 9 3.5 1.98 134      x 
BM271 7.8 2.4 2.69 89      x 
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