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Table 1. Efficiency of colony formation in soft agar

celist Co!qny-forming Average size of
efficiency (%) colonies (um)*
B5-EV1 0705 626 +1.5
B5-NIK#1 232+20" 236.2+126*
B5-NIK#2 189+t24* 1841 +19.8*
B5-kd-NIK#1 15+03 63.1+1.4
B5-kd-NIK#2 1.3+0.1 62.8+18
h12-EV1 12+03 60.5+0.0
h12-NIK#1 12817 1469+46*
h12-NIK#2 177217 1549+56*
h12-kd-NIK#1 1410 61.5+2.1
h12-kd-NIK#2 1.5+£04 62.5+47
B5-EV1-EV2 1.2+0.3 61.8+1.1
B5-NIK#1-EV2 21.1£10* 193.8+3.7*
B5-NIK#2-EV2 143+10* 1504+ 8.7
h12-EV1-EV2 15207 60.8+0.4
h12-NIK#1-EV2 123+1.7* 1194 56"
h12-NIK#2-EV2 140+1.8* 1603+72*
B5-EV1-SR-IkBa 15400 61.7+05
B5-NIK#1-SR-IxBu 34 + OO 648 +1.1
B5-NIK#2-SR-IxBa 39+0.1 63.3+04
h12-EV1-SR-|KB(’. 17 + 10 61 3 + 04
h12-NIK#1-SR-1kBa 27+03 62.3 +0.1
h12-NIK#2-SR-1kBa. 34+14 61.4+02

* P < .05 versus B5-EV1.

t Cells were inoculated in 0.33% soft agar and cultured for 3 weeks.

t Colonies larger than 60 um were counted as positive. The sizes of

more than 100 positive colonies were averaged.

kd-NIK indicates catalytically inactive NIK; SR, super-repressor; EV1, Empty

vector for NIK or kd-NIK; EV2, Empty vector for SR-IkBa.

31 -



Legends to the figures

Figure 1. NIK protein is overexpressed in established ATL and Hodgkin
Reed-Sterﬁberg cells. (A) Steady state levels of NIK expfession in the ATL and
H-RS cell lines were revealed by i_mmunoprecipiiation-coupled immunoblotting.
Approximately 2 x 107 cells were lysed with buffer A.  After preclearing,
immunoprecipitation was performed at 4°C, using anti-NIK antibody (NIK) or its isotype
IgG (IgG). After 3 washes with TNT buffer, immune-complexes were analyzed by
immunoblotting with anti-NIK antibody. (B) 293T cells were transfected with
pMRX-HA-iresPuro or pMRX-HA-NIKiresPuro for 24 hours. Whole-cell lysates were
used as negative and positive controls. ED40515(-) cells were pretreated with (+) or
without (-) MG132 (20 uM) for 3 hours, lysed with RIPA buffer and subjected to
immunoblotting with anti-NIK or anti-a-tubulin antibodies-.
Immunoprecipitation-coupled immunoblotting was performed as in (A). (C) Upper
panels: control T-cell lines (CEM and Jurkat), leukemic cell lines derived from ATL
patients which do not express Tax (ED40515(-), ATL43-Tb(-) and TL-Om1), a control
B-cell line (RG69) and H-RS cell lines (HDLM-2 and L540) were pretreated with (+) or
without (-) MG132 (20 uM) for 3 hours and 30 ug of the whole-cell extracts were
subjected to western blét analysis with the antibodies to the indicated proteins. Lower
panels: Whole-cell extracts fro‘m the indicated cell lines were analyzed by western
blotting with the éntibodies to the indicated proteins. (D) Total RNA was extracted
from the indicated cell lines and subjected to real-time RT-PCR to quantify the nik

mRNA levels. The nik mRNA levels were normalized to 18S RNA. The relative nik
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mRNA levels shown represent the fold increases in mMRNA abundance, relative to that
of the CEM cells (arbitrarily set at 1). (E) Cells were cultured in the presence of
actinomycin D (5 ug/mt) for the times indicated, and then total RNA was isolated and
subjected to quantitative RT-PCR as in (D). Data are expressed as mean x SD of
three independent experiments. The relative amounts of nik mRNA shown represent
the percentages in mRNA abundance, relative to that of each cell line before the
addition of actinomycin D (arbitrarily set at 100%). Abbreviations used: IB;

Immunoblotting, IP; Immunoprecipitation.

Figure 2. Overexpression bf the nik mRNA and protein in PBMCs from ATL
patients. (A) Total RNA was extracted from PBMCs from_healthy donors and ATL
patients, and then subjected to quantitative RT-PCR. The. nik mRNA levels were
normalized to 18S RNA. The relative nik mRNA levels shown represent the fold
increases in mRNA abundance relative to that of healthy donor 1 (arbitrarily set at 1).
These data are expressed as the mean + SD of three independent experiments. (B)
PBMCs were cultured in the presence of actinomycin D (5 pg/ml} for the times
indicated, and then total RNA was isolated and subjected to quantitative RT-PCR. The
relative amounts of nik mMRNA shown represent the percentages in mRNA abundance,
relative to that of PBMCs before the addition of actinomycin D (arbitrarily set at 100%).
(C) PBMCs from a healthy donor and an ATL patient were treated with (+) or without (-)
MG132 (20 uM) for 3 hours, lysed with RIPA buffer and subjected to immunobiotting

with anti-NIK or anti-o-tubulin antibodies.
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Figure 3. NIK induces constitutive NF-xB activity in rat fibroblasts. (A)B5 and
h12 cells were infected with retroviruses capable of expressing HA-tagged NIK (NIK) or
catalytically inactive NIK (kd-NIK). Pools of B5 and h12 cells transduced with the
control pMRX-HAiresPuro vector (EV1) were used asa cont;ol. Cytoplasmic extracts
from EV1 and two independ'ent cell clones (#1 and #2) were sUbjected to
immunoprecipitation using antibody against the HA epitope. Immunoprecipitates were
then resolved by 8% SDS-PAGE and subjected to immunoblotting with anti-NIK
antibody. 293T cells were transiently transfected with the pMRX-HAiresPuro vector
(EV1) or pMRX-HA-NIKiresPuro (NIK). Cytoplasmic extracts (30 ug) were tHen used
for immunoblotting.as negative and positive controls, respectively. (B) Elevated p52
production in rat fibroblasts. Whole-cell lysates from B5 and h12 cells expressing wild
type NIK or kd-NIK were subjected to SDS-PAGE and immunoblotting with anti-p52 for
detection of p100 and p52 or anti-actin antibodies. (C) Elevated NF-xB DNA binding
activity in rat fibroblasts. Five micrograms of nuclear extracts prepared from B5 and
h12 cells expressing wild type NIK or kd-NIK were analyzed by EMSA, using
oligonucleotides encoding an NF-kB-binding sequence or Oct-1-binding sequence as
probes. (D) DNA-binding NF-xB components in B5 and h12 cells expressing wild type
NIK werel analyzed by super-shift EMSA. Nuclear extracts (5 ug) from B5 NIK#1 and
h12 NIK#2 cells were pre-incubated for 30 minutes with pre-immune (PI), anti-p50,
anti-RelA or anti-RelB sera, and then subjected to EMSA with the NF-xB-specific probe.

Abbreviations used: 1B; Immunobiotting, IP; Immunoprecipitation.

34 -



Figure 4. NIK expression parallels IKK activity following CHX or MG132
treatment. BS5 cells transduced with the control vector (EV1) or B5 cells expressing
wild type NIK (NIK#1) were treated for 4 hours with eithér vehicle (ethanol, EtOH),
cycloheximide (CHX; 50 pg/ml) or MG132 (20 u.M.). Cytoplasmic extracts were
subjected to immunoprecipitation with' IKK1-specific antibody, and. then
immunoprecipitates were used for an in vitro kinase assay. IKK1 expression in the
immunoprecipitates was revealed by immunoblotting with IKK1-specific antibody. NIK
and actin levels in the éytoplasmic extracts used for immunoprecipitation were
determined by immunoblotting With anti-NIK or anti-actin antibodies, respectively.

Abbreviations used: IB; Immunoblotting, P; Immunoprecipitation, GST;

glutathione-S-transferase tag.

Figure 5. The overexpression of NIK transforms rat fibroblasts in an NF-xB
dependent manner. (A) Upper two panels: five micrograms of nuclear extracts
prepared from B5 and h12 cells transduced with empty vector (EV2) or SR-IxBa (SR)
were analyzed by EMSA, using NF-xB and Oct-1 probes. Middle 5 panels: whole-cell
extracts (30 pg) of B5 or h12 infectants were subjected to SDS-PAGE and
immunoblotting with anti-p52, anti-phospho-IxBa, anti-IkBa or anti-actin antibodies.
Bottom panel: HA-tagged NIK was immunoprecipitated from B5 and h12 infectants with
anti-HA antibody and detected by immunobilotting with anti-NIK antibody (H-248). (B)

Phase-contrast micrographs of cells cultured on monolayers (upper images) or in soft
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égar (lower images). B5 or h12 cell clones expressing. wild type NIK (NIK#1' and
NIK#2) or not (EV1) were cultured in soft agar for 3 weeks. These cells were further
transduced with SR-lBo, and then pooled cells were assayed for
.anchorage-independent growth in soft agar. B5 and h12 cell clones expressing
kd-NIK were also examined. Original magnification: x100. Abbreviations used: SR;
super-repressor, kd-NIK; catalytically inactive NIK, 1B; Immunoblotting, IP;

Immunoprecipitation.

Figure 6. Depletion of NIK suppresses NF-xB-dependent tra'nscription in ATL
cells. (A) ED40515(-) and ATL-43Tb(-) cells were infected with lentiviral vectors
expressing Renilla luciferase (Ctli) or NIK-specific shRNAs (NIKi-1 or NIKi-2). In
parallel, ED40515(-) and ATL-43Tb(-) cells were infected with lentiviral vectors
expressing Ctli or NIKi-1 shRNAs, and 24 hours later, these cells were super-infected
with lentiviral vectors expressing Cﬂi or NIKi-2 shRNAs. Twenty-four hours after
infectilon, cells were selected with puromycin for 2 days.  Puromycin-resistant cells
were then transfected with 2 ug of IgxCona-Luc and 2 ug EF1-LacZ. Luciferase (LUC)
activity was determined 48 hours after transfection and normalized to B-gal activity.
Relative luciferase activities, in compariéon with control cells (100), are shown. Data
are expressed as mean + SD bf three independent experiments. P values are versus
control (Ctli). (B) Super-infected cells were treated with or without MG 132 (20 uM) for
3 hours and subjected to SDS-PAGE and immunob!ottiné with either anti-NIK (#4994),

anti-phosphorylated p100 or anti-o-tubulin antibodies. Whole-cell extracts (30 ug)
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from these cells were analyzed by SDS-PAGE and immunoblotting with
anti-phospho-lkBa, anti-lkBo or anti-a-tubulin antibodies. Cytoplasmic extracts
prepared from ED40515(-) cells infected or not with lentivirus were precleared and
immunoprecipitation was performed, using anti-IKK1 monolconal antibody or its
isotype 1gG (igG). After 3 washes with TNT buffer, immune-complexes were treated
or not with Shrimp Akaline Phosphatase (Takara Bio Inc.), and then subjected to
SDS-PAGE and immunoblotting with anti-phospho-IKK1/2, anti-IKK1 or anti-IKK2
antibodies. (C) Five micrograms of nuclear extracts preparea from lentivirus-infected
-cells shown in (B) were analyzed by EMSA, using oligonucleotides encoding the
NF-xB-binding sequence or Oct-1-binding sequence as probes. (D) Nuclear extracts
(5 ug) from lentivirus-infected cells shown in (B) were pre-incubated for 30 minutes with
purified mouse IgG, anti-p50, anti-cRel antibody, pre-immune (PI), anti-p50, anti-RelA
or anti-RelB sera, and then subjected to EMSA with the NF-xB-specific probe. (E)
Total RNAs from lentivirus-infected cells shown in (B) were examined by quantitative
RT-PCR for vegf, icam-1 and mmp-9 mRNA levels. Each mRNA level was normalized
to 18S RNA. Relative mRNA levels, in comparison with control cells (100), are shown.
Data are expressed as mean + SD of three independent experiments. P values are

versus control (Ctli+Citli).

Figure 7. Depletion of NIK in ATL cells suppresses tumor formation in
NOD-SCID/c™" (NOG) mice. (A) Pools of ED40515(-) cells expressing Ctli or NIKi-1

and -2 shown in Figure 6B, C, D and E were analyzed for cell growth in vitro by the
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trypan blue staining method. Relative cell numbers, in comparison with control cells
(arbitrarily set at 1), are shown. Data are expressed as mean + SD of three .
indep.endent experiments. P values are versus control (Ctli+Ctli). n.s. ; no significant
difference. (B-D) NOG mice were inoculated subcutaneously in the post-auricular
region with the puromycin-resistant ED-40515(-) cells (5x10°). Tdmor formation in
mice was evaluated 2 weeks after inoculation. Tumor weight (B) and size (C) relative
to those of tumors formed in mice inoculated with ED40515(-) cells expressing Ctli are
shown. (D) Photographs of tumors formed 2 weeks after cell inoculation. ‘ Eachresult
was obtained from five different mice (means are shown [error bars]). P values are

versus control (Ctli+Ctli).
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Figure 3
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Figure 4
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Pediatric acute lymphoblastic leukemia
(ALL) is a malignant disease resuliting
from accumulation of genetic alterations.
A robust technology, single nucleotide
polymorphism oligonucleotide genomic
microarray (SNP-chip) in concert with
bioinformatics offers the opportunity to
discover the genetic lesions associated
with ALL. We examined 399 pediatric ALL
samples and their matched remission
marrows at 50 000/250 000 SNP sites us-

ing an SNP-chip platform. Correlations
between genetic abnormalities and clini-
cal features were examined. Three com-
mon genetic alterations were found: dele-
tion of ETV6, deletion of p16INK4A, and
hyperdiploidy, as well'as a number of
novel recurrent genetic alterations. Unipa-
rental disomy (UPD) was a frequent event,
especially affecting chromosome 9. A co-
hort of children with hyperdiploid ALL
without gain of chromosomes 17 and 18

had a poor prognosis. Molecular atlel-
okaryotyping is a robust tool to define
small genetic abnormalities including
UPD, which is usually overlooked by stan-
dard methods. This technique was able to
detect subgroups with a poor prognosis
based on their genetic status. (Blood.
2008;111:776-784)

© 2008 by The American Society of Hematology

Introduction

Pediatric acute lymphoblastic leukemia (ALL) is the most common
malignant disease in children.!* ALL is a genetic disease resulting from
accumulation of mutations of tumor suppressor genes and oncogenes. !
Knowledge of these mutations can be of use for diagnosts, prognosis,
and therapeutic clinical purposes, as well as to provide an overall
understanding of the pathogenesis of ALL.'? Identification of mutated
genes in ALL has evolved with improvement in technology. A recent

- approach is single nucleotide polymorphism (SNP) analysis using an
array-based technology** that allows identification of amplifications,
deletions, and allelic imbalance, such as uniparental disomy (UPD
[represents the doubling of the abnormal allele due to somatic recombi-
nation or duplication and loss of the other normal allele 1).5% However,
since this technique detects allelic dosage, it cannot detect balanced
translocations.

According to the HapMap publication, 9.2 million SNPs have
been reported, and of these, 3.6 million have been validated.?
Global genomic distribution of SNPs and its easy adaptability for
high throughput analysis make them the target of choice to look for
genomic abnormalities in ALL and other cancers.>7

Recently, higher resolution SNP-chip (50 000-500 000 probes)
has been developed for large-scale SNP typing.*!® With a large
number of SNP probes, in combination with the algorithms
specifically developed for copy number calculations, these SNP-
chips enable genomewide detection of copy number changes.!!"!?
The combination of SNP-chip technology, nucleotide sequencing,
and bioinformatics allows the investigator to view the entire
genome of ALL in an unbiased, comprehensive approach. Using
SNP-chips, the chromosomal abnormalities can be evaluated at a
very high resolution (molecular level: average distances of each
probe are 47 kb and 5.8 kb in the 50 k/500 k arrays, respec-
tively*!"), and allele-specific gene dosage level (gene dosage of
paternal and maternal alleles) also can be analyzed in the whole
genome.!12 Hence, we name this new technology “molecular
allelokaryotyping.”'? In this study, we performed molecular allel-
okaryotyping on a very large cohort (399) of pediatric ALL samples
to examine genomic abnormalities at high resolution. Further, we
examined correlations between the genomic abnormalities detected
by SNP-chip and clinical features, including prognosis.
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Methods

Clinical samples and DNA/RNA preparation

The ALL-BFM 2000 triai of the Berlin-Frankfurt-Miinster (BFM) study group
on treatment of childhood ALL enrolled patients from ages 1 year to 18 years at
diagnosis.

From September 1999 to January 2002, 566 patients were consecu-
tively enrolled in this trial. The ALL-BFM 2000 study was approved by
the ethics committees of the Medical School Hanover and the Cedar
Sinai Medical Center. Informed consent was obtained in accordance
with the Declaration of Helsinki.

Of the 566 patients (nos. 299-854), 399 patients, representing 70% of
the entire patient population, had additional DNA available and could be
included in the present SNP-chip study. The 167 patients not available for
this analysis did not differ from the 399 patients in this study with regard to
their clinical and biological characteristics (data not shown).

Compiete remission (CR) was defined as the absence of leukemia
blasts in the peripheral blood and cerebrospinal fluid, fewer than 5%
lymphoblasts in marrow aspiration smears, and no evidence of localized
disease. At day 29, bone marrows were examined, and all patients in this
SNP-chip analysis study obtained a CR at that time. The remission
marrows were collected and used as matched control for the SNP-chip
analysis.

Prednisone response was defined based on numbers of peripheral blood
blasts per microliter on day 8, and patients were classified into good
(< 1000 blasts/pL) and poor responders (= 1000 blasts/uL).'*! Relapse was
defined as recurrence of lymphoblasts or localized leukemic infiltrates at any site.

DNA index, immunophenotyping, molecular analysis of
chromosomal abnormalities

Leukemic or normal bone marrow cells were stained with propidium
iodide, and cellular DNA contents were measured by cytometric analysis as
previously reported.!6!7 DNA index was defined as the DNA content of
leukemic cells compared with normal GO/G1 cells. When the DNA index of
leukemic cells was the same as or greater than 1.16, it was defined as
hyperdiploid ALL by DNA index as previously reported.!6:17

Immunophenotyping of ALL was examined using anti-CD2, -CD3,
-CD4, -CD10, -CD19, and -CD20 antibodies by FACS.!*!S ETV6/RUNX1,
BCR/ABL, and MLL/AF4 were examined by interphase fluorescence in
situ hybridization (FISH) analysis using specific probes and by reverse
transcriptase—polymerase chain reaction (RT-PCR) using specific primers
for these fusion transcripts as described previously.'*#3

Molecular allelokaryotyping of leukemic cells

DNA from the 399 ALL samples as well as their paired normal DNA from
remission samples were analyzed on Affymetrix GeneChip human mapping
50 K Xbal or 250 K Nsp arrays (Affymetrix Japan, Tokyo, Japan) according
to the manufacturer’s protocol. Microarray data were analyzed for determi-
nation of both total and allelic-specific copy numbers using the CNAG
program as previously described'’:'> with minor modifications, where the
status of copy numbers as well as UPD at each SNP was inferred using the
algorithms based on Hidden Markov Models.'"12

For clustering of ALL samples with regard to the status of copy number
changes as well as UPD, entire genome was divided into contiguous
sub-blocks of 100 kb in length, and according to the inferred copy numbers
(CNs) and the status of UPD, one of the 4 conditions was assigned to the ith
sub-block (S/); CN gain, CN loss, normal CN, and UPD. For a given 2-copy
number data, A and B, distance (d{A,B])was simply defined as

d(A,B) = D, 1(S4;SP)

1if $2 = §7
1St s = [0 ;fS’-‘ + S
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where Si* and S are the status of the ith sub-block (S/) in data A and B,
respectively, and sum is taken for all sub-blocks. Clustering was initiated by
finding a seed cluster of 2.samples showing the minimum distance and
replacing them with the cluster data having the mean Si value of the two.
This procedure was iteratively performed until all samples were converged
to one cluster based on this distance using a program developed for this
purpose (GNAGraph), which was followed by manual revisions focusing
on particular genetic lesions selected by their frequencies within the sample
set. CNAG and CNAGraph are available on request.

Quantitative genomic PCR and direct sequencing

Quantitative genomic PCR (qPCR) was performed on a real-time PCR
machine, iCycler (Bio-Rad Laboratories, Hercules, CA) using iQ cyber-
green supermix (Bio-Rad Laboratories) according to the manufacturer’s
protocol. Primer sequences used for the gPCR are listed in Table S2
(available on the Blood website; see the Supplemental Materials link at the
top of the online article). Gene dosage at the 2p allele was used as an
internal control. Allelic gene dosage of 9p and 9q was measured, and these
were. compared with the levels in respective matched control DNA. SNP
sites were amplified and directly sequenced on Autosequencer 3000
(Applied Biosystems, Foster City, CA). Primers used for SNP site
amplification are listed in Table S2. Exons 12 and 14 of JAK2 gene were
amplified as previously reported.® PCR products were purified and
subjected to direct sequencing.

Data preparation

Proportional differences between gfoups were analyzed by either chi-
squared (x2) or Fisher exact tests. The Kaplan-Meier method was used to

!

Table 1. Characterization of clinical features of 399 ALL cases

Cases, no. (%)

Sex

Male 230 (57)

Female 169 (43)
Age

1to9yrs 307 (77)

. Older than 10 yrs 92 (23)

wWBC

Below 102x 109/, 362 (91)

Over 102X 108/L 37 (9)
Immunophenotype

T-celt 49 (12)

B-cell 339 (85)-

Unknown 11 (3)
CNS involvement

Yes 11(3)

No 358 (90)

unknown ' 30(7)
BCR/ABL

Yes C . 6(2)

No 379 (95)

Unknown 14 (3)
ETVE/RUNX1

Yes' 96 (24)

No 270 (68)

Unknown ' ' 33(8)
PDN response

Good 360 (90)

Poor 35(9)

Unknown 4(1)

WBC indicates white blood celt count (x 10%/L) in peripheral blood at diagnosis;
CNS involvement, central nervous system involvement at diagnosis, BCR/ABL and
ETVE/RUNX1, BCR/ABL or ETV6/RUNKXT1 tusion was examined by RT-PCR and/or
FISH analysis; PDN, prednisone; and PDN response, blast cell count was 1000/uL or
greater in peripheral blood atter a 7-day exposure to prednisone and one intrathecal
dose of methotrexate.



