
High VLA-4 expression is associated with adverse outcome and distinct gene
expression changes in childhood B-cell precursor acute lymphoblastic leukemia at
first relapse
Shabnam Shalapour,1 Jana Hof,1,2 Renate Kirschner-Schwabe,1 Lorenz Bastian,1 Cornelia Eckert,1 Javier Prada,1 Günter
Henze,1 Arend von Stackelberg,1 and Karl Seeger1

1Department of Pediatric Oncology and Hematology, Charité-Universitätsmedizin Berlin, Campus Virchow Klinikum, Augustenburger
Platz 1, Berlin; 2Department of Pediatrics, Division of General Pediatrics, Charité-Universitätsmedizin Berlin, Berlin, Germany

Citation: Shalapour S, Hof J, Kirschner-Schwabe R, Bastian L, Eckert C, Prada J, Henze G, von Stackelberg A, and Seeger K. High
VLA-4 expression is associated with adverse outcome and distinct gene expression changes in childhood B-cell precursor acute lymphoblas-
tic leukemia at first relapse. Haematologica 2011;96(11):1627-1635. doi:10.3324/haematol.2011.047993

SUPPLEMENTARY APPENDIX

Online Supplementary Appendix

Design and Methods

Quantification of VLA-4 mRNA by quantitative real-time
polymerase chain reeaction
Total RNA was isolated using RNeasy spin columns (Qiagen, Hilden,

Germany) and reverse-transcribed using oligo (dT) primers and super-
script II reverse transcriptase (Invitrogen, Karlsruhe, Germany).
Quantitative real-time polymerase chain reaction (QRT-PCR) was per-
formed using SYBR Green master-mix on an iCycler PCR system (both
Bio-Rad, Hercules, CA, USA). The following primers and probes were
used: VLA4-F: 5'-CTC gCC AAC gCT TCA gTg ATC-3’, VLA4-R: 5'-
TCG TAA ATC AGG GGG CAC TCC-3’, ABL1-F: 5-Tgg AGA TAA
CAC TCT AAG CAT AAC TAA AGG T-3’, ABL1-R: 5-GAT GTA GTT
GCT TGG GAC CCA-3’, ABL-TM : 5`-6FAM-CCA TTT TTG GTT
TGG GCT TCA CAC CAT XT-PH-3’. VLA-4 expression was measured
in triplicate and normalized to the expression of ABL1. Relative VLA-4
mRNA expression was calculated as the fold difference by the compar-
ative CT method (ΔCT). 

Quantification of VLA-4 protein by flow activated 
cell sorting and immunocytochemistry
Cells were stained with monoclonal antibodies against VLA-4 (Acris

Antibodies GmbH, Herford, Germany) and CD19 (BD Biosciences,
PaloAlto, CA) and analyzed on a FACSCalibur flow cytometer with
standard CellQuest software (BD Bioscience). For immunocytochem-
istry, cytospins of leukemia cells were fixed, incubated with anti-VLA-
4 antibodies, washed with phosphate-buffered saline, stained with sec-
ondary antibodies (anti-mouse-Alexa488, Molecular Probes,
Invitrogen) and counterstained with DAPI. As negative controls, sam-
ples were incubated with isotype-matched control antibodies. Slides
were covered with Vectashield Mounting Medium (Vector
Laboratories, Burlingame, CA USA) and examined using an Axioplan
200 microscope with AxioVision Release 4.5 software (Zeiss, Jena,
Germany). 

Gene expression analysis
From 43 of the study patients with ALL, RNA hybridization results on

the Affymetrix HG-U133A microarray (Affymetrix, Santa Clara, CA,
USA) were available, as previously described.1 All microarray data were

analyzed using Partek® Genomics Suits software, version 6.5 beta ©
2009 (Partek Inc., St. Louis, MO, USA). Gene expression profiles were
corrected for background measurements and normalized using robust
multiarray analysis (RMA). Two-way ANOVA was used for comparison
between three VLA-4 expression groups. Pathway analysis of the differ-
entially expressed genes was performed with Ingenuity Pathways
Analysis (Ingenuity® Systems, www.ingenuity.com).

Cell lines and cell culture
The BCP-ALL cell lines REH and MHH-CALL2 were purchased from

the German Collection of Microorganisms and Cell Cultures (DSMZ,
Braunschweig, Germany). Leukemia cell lines were cultured in RPMI
1640 at 37°C in 5% CO2 in a humidified incubator, and media were sup-
plemented with 10% fetal calf serum and 1% penicillin/streptomycin
(Biochrom, Berlin, Germany). The stromal cell line L87/4 was kindly
provided by K. Thalmeier.2 Co-culture experiments were done as
described previously.3 Leukemia cells in monoculture or co-culture were
treated with cytarabine (ARA-C: 1 μM; Sigma-Aldrich, St. Louis, MO,
USA) and/or anti-VLA-4 blocking antibodies (Acris, Clone 44H6). 

Cell proliferation and adhesion assay 
The proliferation rate of leukemic cells was examined by MTS tetra-

zolium assay (Cell Titer96 Aqueous, Promega, Mannheim, Germany) as
described previously.3 REH cells were fluorescence-labeled with PKH27
(Sigma, St. Louis, MO, USA) and seeded into 24-well plates coated with
poly-lysine or stromal cells. After collecting the supernatant, adherent
cells were washed three times with medium and were shaken for 1 min
to remove non-adherent and weakly adherent cells. The amount of
adherent cells was measured using a fluorescence plate reader.

Western blot analysis
At the end of the monoculture and co-culture assays, cells were incu-

bated with CD19 micromagnetic beads (Miltenyi Biotec, Bergisch-
Gladbach, Germany) to separate leukemia cells. Western-blot analysis
was done as described previously.3 The separated leukemia cells were
lysed using Chaps Cell Extract buffer (Cell Signaling, Beverly, MA,
USA). Equal protein amounts were separated by 12%-15% SDS-poly-
acrylamide gel electrophoresis and transferred onto polyvinylidene
difluoride membranes (Amersham Bioscience, Buckinghamshire, UK).
The membranes were probed with rabbit antibody against human
BCL-2 (Cell Signaling), followed by horseradish peroxidase (HRP)-



linked secondary antibodies. Blots were subsequently treated with anti-
b actin antibodies as a control for equal loading. The bands were visual-
ized by ECL (Amersham). The density of blots was analyzed using
Quantity one®1-D software (Bio-Rad).

Statistical analysis
Mann-Whitney U and Kruskal-Wallis tests were performed to test the

independence of two or more samples of a continuous parameter.
Fisher's exact test and Pearson χ2 test were used to test independence of
categorical variables. Survival analyses were performed using Kaplan-
Meier statistics and the log-rank test. Event-free survival was defined as
the time interval between the diagnosis of relapse and a subsequent
event including death in remission, second relapse, and second malig-

nancy. The event-free survival time of patients who died in induction or
had no response was set at 0. Overall survival was defined as the time
interval between diagnosis of relapse and death. Multivariate Cox
regression analysis was performed to test the independent significance
of prognostic parameters for event-free survival. The univariate and
multivariate analyses are provided with hazard ratios (HR) and 95%
confidence intervals. P values less than 0.05 were considered statistical-
ly significant. Patients with relevant deviations from the ALL-REZ-BFM
protocol treatment (n=5) were excluded from Kaplan-Meier analyses. As
shown in Table 1, there was no difference in VLA-4 expression of
leukemia cells when different frontline protocols were used.
Computations were performed using SPSS for Windows software, ver-
sion 13.0 (SPSS Inc., Chicago, USA).
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Online Supplementary Figure S1. VLA-4
mRNA correlates with VLA-4 protein level.
(A-B) VLA-4 expression of BCP-ALL cell
lines MHH and REH was analyzed using
flow cytometry (histograms) and immuno-
cytochemistry. Relative fluorescence
intensities of VLA-4 (red) and isotype con-
trols antibodies (blue) are shown. Mean of
fluorescence intensities (MFI) of the corre-
sponding results of VLA-4 and isotype con-
trol are shown in histograms. The
immunocytochemistry results obtained
with VLA-4 antibodies (green) are shown
for MHH and REH in the upper right quad-
rants of the panels. (C) Relative VLA-4
mRNA amounts of MHH and REH were
quantified in relation to ABL1 mRNA by
QRT-PCR. (D-E) VLA-4 expression in
leukemia cells of BCP-ALL patients (n=11)
was analyzed using flow cytometry.
Relative fluorescence intensities and MFI
for VLA-4 (red) and isotype control anti-
bodies  (blue) of two representative
patients are shown. (F) Relative VLA-4
mRNA amounts quantified in relation to
ABL1 mRNA by QRT-PCR of the correspon-
ding two patients are shown. (G)
Correlation analysis (linear regression
analysis) between relative VLA-4 mRNA
expression level and protein level (MFI) of
leukemic cells from primary ALL samples
(n=11) are shown. Abbreviation: Pat,
patient.
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Online Supplementary Figure S2.
Scatter dot plot presentation of
clinical and biological characteris-
tics of the studied BCP-ALL patients
and VLA-4 mRNA expression in cor-
relation to these parameters.
Clinical, diagnostic, and therapeutic
parameters significantly associated
with VLA-4 mRNA expression in the
total VLA-4 study cohort (n=56).
The significant results from Table 1
are shown. CCR: continuous com-
plete remission; SR: subsequent
relapse; NR: non-responder; DCR:
death in complete remission; ID:
induction death; SM: secondary
malignancy.
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Online Supplementary Figure S3. VLA-4 expression is associated with outcome of BCP-ALL at first relapse also after
excluding patients with MLL/AF4 and TEL/AML1 fusion genes. (A) Kaplan-Meier analysis of event free-survival (EFS) is
shown for BCP-ALL patients without MLL/AF4 fusion genes (n=48) with VLA-4 expression levels in leukemia cells lower
and higher than the median (7.5). (B) Kaplan-Meier analysis of overall survival (OS) is shown for BCP-ALL patients with-
out MLL/AF4 fusion genes (n=48) with VLA-4 expression levels in leukemia cells lower and higher than the median
(7.5). (C) Kaplan-Meier analysis of EFS is shown for BCP-ALL patients without TEL/AML1 fusion genes (n= 44) with VLA-
4 expression levels in leukemia cells lower and higher than the median (9.5). (D) Kaplan-Meier analysis of OS is shown
for BCP-ALL patients without TEL/AML1 fusion genes (n=44) with VLA-4 expression levels in leukemia cells lower and
higher than the median (9.5).
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Online Supplementary Figure S4. Kaplan-Meier analysis of probability of event-free survival (pEFS) (A) and overall survival (pOS) (B) for the
three groups (LEV, IEV, HEV) of BCP-ALL patients (n=41), who were included in gene expression profiling.

Online Supplementary Figure S5. Comparison analysis of VLA-4
expression in leukemia cells from first and second relapse.
Relative VLA-4 mRNA amounts of bone marrow mononuclear cells
were quantified in relation to ABL1 mRNA by QRT-PCR, showing
the relative VLA-4 expression normalized to first relapse for each
individual patient.
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Online Supplementary Table S1. Cytological and molecular response to therapy of patients who suffered from death in induction or complete remission (CR).
MRD high level (molecular poor response), equal to or more than 10-3 leukemia cells; MRD low level (molecular good response), less than 10-3 leukemia cells
in BM aspiration after the second induction course (F2, week 5). Probabilities of event-free survival can be estimated at above 60% for MRD low-risk and at
below 30% for MRD high intermediate-risk patients. 

Online Supplementary Table S2. Comparison analysis of VLA-4 expression in leukemia cells of matched samples from first and second relapse.
Relative VLA-4 mRNA amounts of bone marrow mononuclear cells were quantified in relation to ABL1 mRNA by QRT-PCR (see Online
Supplementary Figure S5). 

CR: complete remission; MRD: minimal residual disease.

LEV: low expression of VLA-4 (lower quartile, < 25%); IEM: intermediate expression of VLA-4 (intermediate quartiles, >25%-<75%) and HEV: high expression of VLA-4 (upper quartile,
>75%).



Online Supplementary Table S3. Differential expression, fold change and statistical analysis of the 142 down-regulated genes.
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142 differentially down-regulated genes between the HEV, IEV and LEV groups are shown. P value, Two-way ANOVA statistical analysis; fold change, between HEV and LEV, probeset ID, Affymetrix
GeneChip® U133A; HEV: high expression VLA-4 group; IEV: intermediate expression VLA-4 group; LEV: low expression VLA-4 group.



Online Supplementary Table S4. Differential expression, fold change and statistical analysis of the 272 up-regulated genes.
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272 differentially up-regulated genes between the HEV, IEV and LEV groups are shown. P value, Two-way ANOVA statistical analysis; fold change, between HEV and LEV, probeset ID, Affymetrix
GeneChip® U133A; HEV, high expression VLA-4 group; IEV, intermediate expression VLA-4 group; LEV, low expression VLA-4 group.


