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Supplementary Methods

Cytogenetics and fluorescent in situ hybridization (FISH)
Conventional G-banding chromosomal analysis of lymph

node biopsy samples followed routine protocols. The kary-
otype was described according to the International System for
Human Cytogenetic Nomenclature (ISCN 2005).6 Eighteen and
five metaphase cells were analyzed in the respective cases. 

FISH followed standard protocols. Experiments were per-
formed on fixed cells from remaining cytogenetic harvests.

Multicolor FISH (mFISH) was performed according to the
manufacturer’s protocols (MetaSystems, Altlussheim,
Germany). Applied probes are listed in the Online
Supplementary Table S1. Bacterial artificial chromosome (BAC)
and fosmid clones were selected from the Ensembl
(www.ensembl.org) and UCSC Genome Browsers
(www.genome.ucsc.edu), respectively. Non-commercial probes
were directly labeled with SpectrumOrange- and
SpectrumGreen-dUTP (Abbott Molecular, Ottignies, Belgium)
with random priming. 

Online Supplementary Table S1. Results of FISH analyses of two ALK+ LBCL cases.
Probe Localization Labeling Reference FISH pattern Conclusion
CASE 1

LSI ALK 2p23 5’ SG Abbott Molecular, 2p F, 3qter R, t(2;3)(p23;q?) with duplication of the terminal
3’ SO Ottignies, Belgium add(20q) R part of der(3) to chromosome 20

CLTC 17q23 5’ SG Rudzki et al.1 2 x 17F CLTC gene not rearranged
3’ SO

LSI BCL6 3q27 5’ SO Abbott Molecular, 3q F, 2p F, add(13p) F BCL6 gene not rearranged, but translocated to
3’ SG Ottignies, Belgium 2p (BP centromeric to BCL6)

WI2-2194A15
(G248P86980A8) 4q21/5’ SEC31A 5’ SO (SEC31A) UCSC Genome Browser 3qter R, 4q F, 4q G, add(20q) R Rearrangement of SEC31A with translocation
WI2-2877K7 (http://genome.ucsc.edu) of the 5’ region to 3qter

(G248P88440F4) 4q21/3’ SEC31A 3’ SG (SEC31A)
WI2-2194A15
(G248P86980A8) 4q21/5’ SEC31A 5’ SO (SEC31A) UCSC Genome Browser 2p G, 3qter F, 4q R, add(20q) F 5’ end of SEC31A colocalizes with
ALK (http://genome.ucsc.edu) 3’ end of ALK at 3q and add(20)
(P1 clone 1111H1) 2p23/3’ ALK 3’ SG (ALK) Mathew et al.2

WCP2 Whole chromosome TR Abbott Molecular, Ottignies, t(2;3)(p23;q27) associated with duplication of
painting probe for Belgium Abbott Molecular, 2R, 2R + 2pter G, 3G, 3G + the terminal part of der(3) to chromosome 20;
chromosome 2 Ottignies, Belgium 3qter R, 4q21 R, add(13p) G,

WCP3 Whole chromosome SG add(20q) GR Cryptic insertion of chromosome 2 material
painting probe into the 4q21-region
for chromosome 3

CASE 2

LSI ALK 2p23 5’ SG Abbott Molecular, 2p F, 2p G, 5q R Rearrangement of ALK with 3’ end of ALK
3’ SO Ottignies, Belgium inserted at the terminal part 

of a normal-looking chromosome 5
NPM1 5q35 5’ SG Rudzki et al.1 2 x 5q F No rearrangement of NPM1 detected by FISH

3’ SO

SG: Spectrum Green; SO: Spectrum Orange;TR:Texas Red; F: fusion signal; R: red signal; G: green signal.

 



Molecular analysis
Total RNA was extracted from 20µm sections of frozen tissue

samples of both cases using TRIzol Reagent (Life Technologies,
Merelbeke, Belgium). One microgram of this total RNA was
reverse transcribed into cDNA using random hexamers and
Superscript II (Life Technologies, Merelbeke, Belgium).

Reverse transcription (RT) PCR was performed on a cDNA
template using conventional PCR with Taq DNA polymerase
(Roche Diagnostics GmbH, Mannheim, Germany). The applied
primers are listed in Online Supplementary Table S2. In order to
show presence or absence of the 3’ and 5’ ends of ALK, primer
pairs specific for the respective ends4 were used. To amplify the
SEC31A-ALK fusion, nested RT-PCR was carried out using for-
ward primers in SEC31A and reverse primers in ALK.

A 5’ RACE PCR experiment was performed using a previous-
ly described protocol and primers.3 In the second round of nest-
ed PCR, however, reverse primer ALK-R3 was used (Online
Supplementary Table 2). The final PCR products were cloned in
pGEM-T-Easy (Promega, Madison, WI) and sequenced using an
ABI3100 system (PE Applied Biosystems, Foster City, CA).

The IgH gene V-D-J functional variability and the Kappa
deleting (Kde) rearrangements were examined by PCR and het-
eroduplex analysis.7,8 The TCR gene VJ rearrangements of the
TCRgamma locus were analyzed by PCR and denaturing gradi-
ent gel electrophoresis.9 In case 2, an additional examination of
the IG loci was performed with the Biomed-2 protocol.10,11

Results of these molecular analyses of TCR, IGH and IGK can
be found in Table 1.

Array-based Comparative Genomic Hybridization (aCGH)
Array CGH was performed with Code Linked Slides (AP

Biotech) containing the 3,527 BAC clones from the Wellcome

Trust Sanger Institute 1 Mb Clone Set, extended with clones for
all 90 protein tyrosine kinase genes, as previously described.12

SEC31A-ALK construct
The SEC31A and ALK fragments were cloned from human

tissue cDNA prepared from commercially available RNA
(Clontech, Mountain View, CA, USA) with Superscript III
reverse transcriptase (Life Technologies, Merelbeke, Belgium).
The open reading frame of exon 1 to 24 of SEC31A was ampli-
fied from human thymus cDNA with primers SEC31A-F-XhoI
and SEC31A-R-BglII, and with primers SEC31A-F-BglII and
SEC31A-R-NotI (Online Supplementary Table 2). The ALK frag-
ment was generated by PCR amplification from human fetal
brain cDNA with primers ALK-F-NotI and ALK-R-EcoRI
(Online Supplementary Table S2). The Phusion High Fidelity PCR
kit (Finnzymes, Espoo, Finland) was used for all PCR reactions.
Both generated SEC31A fragments and the ALK fragment were
ligated into the retroviral pMSCV-puro vector (Clontech,
Mountain View, CA, USA). The construct was verified by
sequencing.

Cell culture and retroviral transduction
HEK293T and Ba/F3 cells were cultured, transfected and

transduced as previously described.13 Transduced Ba/F3 cells
were selected with puromycin (2.5 µg/mL). For growth curves,
Ba/F3 cells were deprived of IL3 and seeded at 105 cells per mL
of medium. Viable cells were counted on five consecutive days
with a Vi-CELL XR cell viability analyzer (Beckman Coulter,
Fullerton, CA, USA). For dose-response curves, 1.5×105 cells
(NPM1-ALK) and 3×106 cells (SEC31A-ALK) were seeded in 1
mL of medium and incubated in the presence of the ALK
inhibitor TAE-684 (Axon Medchem, Groningen, The

Online Supplementary Table S2. Primer sequences used in RT-PCR, 5’ RACE-PCR and construct design.
Name Sequence

ALK-R23 5’-AGCACACTTCAGGCAGCGTCTTC-3’
467 (1) 5’-CCAGTGAGCAGAGTGACG-3’
ALK-R33 5’-ATTCCGGACACCTGGCCTTCATA-3’
468 (1) 5’-GAGGACTCGAGCTCAAGC-3’
ALK3' F4 5’-GCAACATCAGCCTGAAGACA-3’
ALK3' R4 5’-GCCTGTTGAGAGACCAGGAG-3'
ALK5' F4 5’-CTCAGCGAGCTGTTCAGTT-3’
ALK5' R4 5’-GGAGAAGGCATGTTTGTTG-3’
SEC31A-F1 5’- GCAATGTATCGACCTCAGCA -3’
SEC31A-F2 5’-CAGCCTGTTGCTCCTCCTAC-3’
NPM1-F1 (NPM1-ALK)5 5’- TCCCTTGGGGGCTTTHAAATAACACC-3’
NPM1-F2 (NPM1-ALK)5 5’- ACCAGTGGTCTTAAGGTTGA-3’
ALK-R1 (NPM1-ALK)5 5’- CGAGGTGCGGAGCTTGCTCAGC-3’
ALK-R2 (NPM1-ALK)5 5’- TTGTACTCAGGGCTCTGCA-3’
SEC31A-F-XhoI 5’-ATCTCGAGCAGCATGGAGGACGGCAAGTTAAAGGAAGTAGATCGTACAG-3’
SEC31A-R-BglII 5’-TTCAAGGCCAAAGCAATCTT-3’
SEC31A-F-BglII 5’-TGAGGATGATTCTCGTGGAA-3’
SEC31A-R-NotI 5’-AAGCGGCCGCTTCTGAGGACCTGTTCTTTGG-3’
ALK-F-NotI 5’- ATAGCGGCCGCGGAAAAACATCACCCTCATT-3’
ALK-R-EcoRI 5’-ATAGAATTCAGGGATCCCAAGGAAGAGAA-3’
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Netherlands) for 48 h. Viable cell numbers were determined by
the Celltiter AQueousOne Solution (Promega, Madison, WI,
USA). For Western blotting, 4×106 cells were incubated with
TAE-684 for 90 minutes and lysed in cold lysis buffer contain-
ing 1% Triton X-100 and phosphatase inhibitors.

Western blotting
Standard Western blotting procedures were used to analyze

total cell lysates with the following antibodies: anti-phospho-

ALK (Tyr1604), anti-ALK (C26G7), anti-phospho-p44/42
MAPK (Erk1/2) (Thr202/Tyr204), anti-phospho-AKT (Ser473),
anti-AKT, anti-phospho-STAT3 (Tyr705) and anti-phospho-
STAT5 (Tyr694) (Cell Signaling Technology, Danvers, MA,
USA), anti-MAP Kinase (ERK1 + ERK2) and anti-STAT3
(ZYMED, Camarillo, CA, USA), anti-STAT5A (L-20) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and anti-SEC31A
(Sigma-Aldrich, St Louis, MO, USA).


