Cancer Research

A C
( wilrogen S
Phendl } Qiagen | Promega | 098Y " Gons | Pos [] FFPE [ Fresh Frozen
Chiorcform §  DNeasy S = 100%
t 0 100 0 100§ 1 o 00 95% 1
: © 90% 1 TT
{ ©  85% T
B s i £ 0 go 4
820 _ s s R i 0 r o) ® 150
/00 — ] P ] i e 8 75%
i o s ; 70%
:ﬂ_ 'u. i H- oy “m % £65%
: " gt B 5% 1
=3 *IEHHI»T—- | = " G eon
100 — sl TR 55% 1
L - e -n.‘ 0%
— o oo - o
e = 8 3 s 38 38
Average Liﬁfsﬁng 2304 ng 720 ng 1\ 588ng ] § R O o S5 I~ © W
Yield: e MNecsaadl N 5 SRA = v oviowvowv = vivi v v
Fragment Sizes (bp)
B D
100%
Normal FFPE Fresh i
o 98% 1
(&)
= ]
©
R
o
2 ]
(@]
O 34%
92%
Total <850 <700 <650 <500
Fragment Sizes (bp)

Figure 1. Performance of different FFPE DNA extraction methods and the Affymetrix GeneChip Mapping 500K assay. A, visualization of RAPD-PCR products on a
3% agarose gel comparing the undiluted DNA extraction (1), a 1:10 dilution of input DNA (10), and a 1:100 dilution of DNA (100) from one FFPE tissue (047)
using five different extraction methods. The maximum fragment size in the extracted FFPE DNA samples reached 1,100 bp although only with sample dilution.

The maximum reproducible fragment was 800 bp. DNA yield per extraction method is listed below. B, visualization of the PCR products during the Mapping 500K assay
reveals a downshift in the distribution of fragment size, which is specific to the FFPE samples. C, SNP call rates are reduced in FFPE samples, but SNPs on
smaller fragments are genotyped with equal efficiency from fresh and paraffin samples. The size dependence for higher call rates is specific to the FFPE samples.
D, concordance between fresh frozen and matching FFPE samples is incrementally increased with fragment size selectivity, with larger dips in accuracy for sizes
>700 bp. Exclusion of some regions (chromosomes 1q, 7p, 15, and 16q) shown to be genetically different between 95 fresh and FFPE samples causes an upshift in

concordance for this sample (95 Alt versus 95).

63 to 83 pg PCR products for the Mapping 250K Nsp Array, whereas
all non-FFPE samples produced >90 pg.

The assay was continued using 90 pg PCR product as the manual
instructs or the total PCR yield when this was less than assay
requirements. Importantly, the protocol was otherwise never
modified. Normal and fresh tumor samples gave typical SNP call
rates, with an average of 94.5% and 93.5%, respectively. These call
rates are lowered due to application of a strict confidence score
threshold (P < 0.26; the default threshold is P < 0.33). In contrast,
FFPE samples achieved an overall average call rate of 79.84% and
75.17% for Nsp and Sty, respectively (Table 1). These decreased call
rates are consistent with the poor amplification of larger fragments
during PCR. Exclusion of SNPs on larger fragments significantly
increased the call rates, such that incrementally more stringent
fragment size restrictions incrementally increased call rates
(Fig. 1C). In fact, stringent fragment size restrictions produced
similar call rates between fresh frozen and FFPE samples,
indicating that the Mapping 500K is well suited for FFPE DNA

and identifying the limiting factor as the size of amplicons
produced from the degraded DNA.

Concordance of genotype calls between paired FFPE and fresh
frozen ovarian tumor DNA samples was examined to determine the
reliability of genotypes from FFPE DNA. It is important to note that
tumor heterogeneity lead to confirmed genuine differences in
genomic content between matched FFPE and fresh frozen DNA,
which would lower these concordance rates. Average overall
concordance between FFPE and fresh frozen samples from the
same tumor was 93.6%. Exclusion of the larger fragments increased
concordance such that all SNPs located on fragment sizes <700 bp
displayed an average of 97.4% concordance (Fig. 1D). Exclusion of
several regions (chromosomes lq, 7p, 15, and 16q) displaying
heterogeneity between fresh frozen and paraffin sample 95
increased the concordance by >2% (Fig. 1D). These high rates of
concordance, despite shown genetic differences between paired
samples, underscore the reliability and reproducibility of genotype
calls produced using FFPE-derived DNA samples with this

Cancer Res 2007; 67: (6). March 15, 2007

2546

www.aacrjournals.org



Genome-Wide Genotype and Copy Number from FFPE DNA

. Performance of normal, fresh frozen, and FFPE samptes on Affyme X eneChlp Mappmg 10K v2,

50KXb‘°2 0K

250K Sty arrays

Type Array PCRyield* Callrate” AAcall ABcall BB call Signal MCR® (%) MDR! (%) Overall
(ng) (%) (%) (%) (%) detection” (%) concordance’ (%)

Fresh tumor = 10K v2 20.4 93.44 3796 23.50 38.54 99.82 — — 96.20
FFPE tumor 10K v2 19.2 86.30 39.77 19.83 4041 97.39 — —
Fresh tumor 50K Xba 48.3 90.07 40.28 20.24 3948 — 87.65 9857 56.95
FFPE tumor 50K Xba 46.0 31.86 47.30 6.76 4594 — 1525 22,15
Normal 250K Nsp 1151 95.86 37.95 25.54 36.51 — 9422 98.60
Fresh tumor: 250K Nsp 1144 93.99 41,81 18.09 40.10 — 88.26 98.52 94.74
FFPE tumor = 250K Nsp 71.6 79.84 4342 14.89 41.69 — 65.60 80.32
Normal 250K Sty 1211 93.05 38.87 2428 36.85 — 90.90 9745
Fresh tumor 250K Sty 1144 92.96 42.38 17.59 40.03 — 8795 98.38 92.07
FFPE tumor 250K Sty 95.4 75.17 43.66 16.68 39.66 — 62.57 79.37

T Percentage of SNPs able to be genotyped.
% Signal detection used to assess 10K arrays.

IMPAM detection rate used to assess 100K and 500K arrays.

*For the 250K arrays, this is the total yield of DNA obtained after combining three PCRs according to protocol For the 10K v2 and 50K arrays, the PCR
yield for the FFPE tissues was increased by increasing either the number of reactions or the number of PCR cycles.

iModified partitioning around medoids (MPAM; a genotyping algorithm; ref. 17) call rate used to assess 100K and 500K arrays.

fPercentage of SNPs genotyped in both fresh frozen and FFPE samples that are given the same genotype.

platform. Importantly, it indicates the need to exclude SNPs on
larger fragments for reliable genotype data. Because SNP fragment
size is distributed randomly across the genome, the general effect
of excluding larger fragment sizes is to reduce the overall resolution
without preferentially losing extensive coverage in specific regions
(see Supplementary Fig. S1). The effect of fragment size on concor-
dance was specific to FFPE samples and is not observed in
comparisons between frozen samples (data not shown).

LOH and copy number assessment. The reliability of genotype
assignments using paraffin samples suggests their suitability for
LOH predictions. In fact, FFPE and fresh tumor pairs produced
similar LOH profiles when including SNPs on fragments sizes
<700 bp (Fig. 24). Regions of inconsistent LOH predictions between
paired: samples (for example, see Fig. 24, boxes) were predicted
independently by both Nsp and Sty arrays and appeared along
concentrated regions, rather than being sporadically distributed
across the genome, suggesting that they reflected true biological
differences between the samples. We assessed several discordant
regions of LOH using conventional microsatellite marker analysis
and in all cases, the microsatellite analysis confirmed that the array
predictions were genuine (data not shown).

The ability to associate copy number estimates with SNP
genotypes relies on quantitation of SNP probe intensities (14).
Because larger fragment SNPs were inadequately amplified during
WGSA, these SNPs were noninformative for copy number analysis
of FFPE samples (Supplementary Fig. S2A). Exclusion of these large
fragment SNPs significantly increased the amplitude (signal) of
copy number shifts and at the same time reduced the SD (noise)
associated with the copy number estimates for all FFPE samples
but not the fresh frozen samples (Supplementary Fig. $2B). This
increase in signal to noise ratio justifies the use of such a filter,
which maintained 308,788 SNPs for FFPE copy number analysis
(Table 2). Probe intensities from the remaining smaller fragment
SNPs predicted copy number profiles for FFPE samples consistent
with those from matching fresh frozen material (Fig. 2B).

Equivalent copy number changes were predicted between FFPE
and. fresh frozen pairs both across different chromosomes and
different sample sets (Fig. 2C).

In ‘addition to limiting: fragment  size; compensation against
fragment size bias was necessary to produce reliable copy number
predictions. Although bias due to amplicon size can be negligible
when using high-quality DNA, it becomes exaggerated when the
DNA sample is degraded (Fig. 3, top). For FFPE samples, the mean
copy number was grossly affected by the size of the amplicon
carrying the SNP, such that smaller amplicons SNPs predicted gains
and larger: amplicons SNPs predicted losses in copy number.
Quadratic regression helped to neutralize this fluctuation in mean
copy number (Fig. 3, middle). Exclusion of SNPs on amplicons >700
bp before regression effectively removed the fragment size bias from
copy number detection (Fig. 3, bofton). Copy number analysis of
FFPE samples was done using the freely available CNAG_v2.0
software'? (15), which automatically uses compensation against
fragment size bias and includes an option to exclude SNPs based on
fragment size. Alternate software tools that lack this compensation
produced copy number estimates from FFPE samples that were
noisier even with exclusion of large fragment sizes (data not shown).

Comparison of Mapping 10K, 100K, and 500K array
performance. Although the various Mapping arrays all use the
same technology and similar assays for genotype and copy number
analysis, they each have differences that may influence their
compatibility with FFPE samples. Particularly, the Mapping 500K
and 10K arrays share the same amplicon distribution during the
PCR step of WGSA, but the Mapping 100K assay relies on a wider
amplicon size distribution (250-2,000 bp). Consequently, Mapping
100K data are more significantly affected by DNA degradation; for
example, there are only 59 SNPs on fragment sizes <500 bp on the
Mapping 50K Hind array. Previously, we showed the application of
FFPE DNA to the 10K arrays (3) although without the analytic tools
applied here. Now, we compared performance of FFPE samples on
all Mapping arrays. As expected, call rates and concordances were
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poor when FFPE DNA was applied to the Mapping 100K assay,
whereas performance was similar for the Mapping 500K and 10K
arrays (Table 1; Supplementary Fig. S3). Furthermore, both the
Mapping 500K and the 10K arrays, but not the Mapping 100K
arrays, provided correct copy number predictions from FFPE DNA,
whereas the Mapping 500K arrays best accommodated SNP filters
to retain high genomic resolution (Supplementary Fig. S3).
Prediction of mapping array performance for a range of
FFPE samples. DNA from FFPE samples can vary in quality as a
result of the fixation protocol, years of storage, the extraction
protocol, tissue source, and several other uncontrollable and
controllable variables. To both identify a method for qualifying
FFPE DNA samples for array analysis and test our guidelines for
FFPE DNA extraction and data analysis, we measured the
performance of an additional 25 FFPE tissue sources processed
at separate institutes and stored for 1 to 17 years (Supplementary
Table S1). These samples were not prescreened nor selected based
on expected performance. Experiments were done without

matched fresh frozen or nontumor samples. In a small test set,
we found that application of 90 pg PCR product from FFPE
samples increased call rates by several percentage points (data not
shown); therefore, we assayed these samples using 90 ug whenever
possible, even if this required pooling extra PCRs.

For each sample, we noted the largest amplicon size produced
during RAPD-PCR as well as the size range of PCR products during
the Mapping assay. Call rates were calculated for SNPs on fragment
size <200 bp, 250 bp, 300 bp, and so on to determine the size at
which call rates dropped <90%. This call rate drop-off value was
used to indicate genotyping efficiency and reliability because
fragment sizes with high call rates provided high concordance as
well. Call rate drop-off values ranged from 250 to 750 bp compared
with 700 to 850 bp for the five FFPE ovarian tumors. Therefore, most
of these samples would provide reduced resolution for genotype and
LOH. Copy number detection was more robust than genotype, and
those cutoffs ranged from 300 bp up to no filter requirement at all.
Plots of copy number versus fragment size were evaluated to
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Figure 2. Genome-wide plots of LOH and copy number for fresh frozen and FFPE samples. A, genome-wide display of inferred LOH for fresh frozen and FFPE
samples, including SNPs on fragments sizes <700 bp. Blue regions, LOH; yellow regions, retention of heterozygosity. Chromosome numbers are indicated below.
Three discordant LOH predictions specific to either fresh frozen or FFPE samples were confirmed by microsatellite analysis of DNA (brown boxes, regions). B, raw
single SNP log 2 ratios indicate gains and losses for fresh frozen (above) and FFPE (below) sources of sample 151 across the genome. Ratios represent copy number
of tumor DNA over copy number of nontumor, non-FFPE lymphocytic DNA. Each color represents a different chromosome. SNPs were filtered for fragments

<700 bp for the FFPE sample. C, raw single SNP log 2 ratios for fresh frozen (orange) and FFPE (blue) DNA are plotted across single chromosomes of multiple
samples. SNPs were filtered for fragments <700 bp for FFPE data only. Highlighted copy number changes were confirmed by quantitative PCR.
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Table 2. SNP numbers per fragment size filters

Fragment sizes 250K Nsp 250K Sty 500K array
included (bp) array array set
<300 13,636 15,845 29,481
<400 39,492 45,473 84,965
<500 74,372 82,099 156,471
<600 113,687 120,025 233,712
<650 133,748 138,282 272,030
<700 153,198 155,590 308,788
<800 190,899 187,687 378,586
<850 209,017 201,004 410,021
<900 222,316 213,300 435,616
<1,000 244,644 230,527 475,171
Total 262,256 238,300 500,568

determine the optimal fragment size filter for copy number analysis.
These plots can be viewed in CNAG_v2.0, and various fragment size
filters can be applied until the mean copy number for the SNPs
retained in analysis are consistent across fragment size (Fig. 4C,
left). An example of this entire workflow is shown in Fig. 44 to C and
results are listed in Supplementary Table S1. As shown for a 733-kb
hemizygous loss highlighted in this example, the fragment size filter
suggested by this process was able to increase the signal to noise
ratio by preferentially removing the noisy SNPs instead of the
informative SNPs and at the same time was also able to retain
higher resolution by not overfiltering (Fig. 4C, right).

Years of storage and overall call rates displayed some correlation
to copy number and call rate drop-off values, but PCR-based
analyses had higher predictive power for these performance
metrics (Fig. 4D). The Pearson’s correlation of median RAPD-PCR
values to copy number drop-off was 0.93, indicating high predictive
power. Comparison of array performance to PCR-based DNA
quality tests gave R” values above 0.8. In contrast, R* values were
<0.7 when comparing performance with years of storage or
comparing copy number drop-off with overall call rate. These
results indicate that a PCR-based test of DNA quality is a
reasonable method for predicting whether a FFPE DNA sample
will be amenable to array analysis.

Six of the 25 samples (two breast and four colorectal) were not
applied to the arrays because no RAPD-PCR products were pro-
duced. Sample 0588 also failed RAPD-PCR, but it was still applied
to the array. Consistent with the RAPD-PCR prediction, this sample
was the only example, in which call rates broken up by fragment
size never exceeded 90%, and data from even the smallest fragment
SNPs were too noisy for copy number analysis.

Discussion

There exists a large and growing deposit of archived clinical
tissues, yet DNA extracted from these samples is usually degraded,
contaminated, and of general low quality. This study expands the
usefulness of the Mapping 500K arrays to DNA derived from FFPE
samples, showing that the limiting factor for FFPE application
is the size distribution of PCR amplicons during WGSA. The
maximum amplifiable fragment size, which is correlated to array
performance, varied between samples and may be influenced by

All SNPs
Before
Regression

Figure 3. Compensation against fragment
size bias enables effective copy number
analysis of FFPE samples. Raw predicted
copy number (Y-axes) is influenced by
fragment size (X-axes) in fresh frozen
(right) and FFPE (left) samples, although
the effect is exaggerated in the latter
(see blue solid lines, middle). This causes
an overestimate of copy number for
fragments below ~500 bp and an
underestimate for those above ~ 500 bp.
Compensation against fragment size
corrects this bias such that the mean
predicted copy number (blue line) is
constant independent of fragment size in
fresh frozen samples (bottom right).

For FFPE samples, exclusion of
noninformative larger fragments before
quadratic regression is required to
effectively equilibrate copy number across
maintained SNPs (top left).
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Figure 4. Prediction of FFPE sample performance. A, display of RAPD-PCR and Mapping assay PCR for a single breast tumor sample (1873). Maximum size
amplicons from RAPD-PCR varied from 275 to 450 bp, with dilution factors (DF) of 1, 10, and 100. Although high-quality DNA had a maximum upper fragment size
of ~1,100 after PCR during the Mapping assay, this sample was well amplified only up to ~400 bp. B, call rate by fragment size was monitored for the same
sample, using a stringent confidence value threshold of 0.26. Call rates dropped <90% when excluding SNPs on fragment sizes >400 bp. C, copy number versus
fragment size plots in CNAG_v2.0 show a strong influence by fragment size on copy number predictions before correction (left). Regression corrects this bias
somewhat, and more and more stringent filters further correct this bias (middle). With a filter excluding SNPs on fragment sizes >600 bp, the mean copy number
(blue line) is consistent regardless of fragment size, indicating that this sample requires a copy number filter at 600 bp. Log 2 ratios produced using various fragment
size filters are displayed for a region containing a 733-kb deletion on part of chromosome X. Under “Informative SNPs,” the number of SNPs predicting a deletion
with a log 2 ratio below —0.3 (considered to be “informative”) are listed to the left of the number of total SNPs within the deletion reglon that were retained during the
fragment size filter. Below these values is the percentage of SNPs included in the analysis that were informative of the deletion. D, R? regression values when the
fragment size at which call rates drop <90% or the maximum fragment size that can be included in copy number analyses are compared with median maximum
RAPD-PCR amplicon size, maximum Mapping PCR amplicon size, years of storage, or overall call rate (P < 0.26) are displayed. PCR tests better predicted copy

number performance than years of storage or overall call rate, and they were better predictors of genotype performance than years of storage was.

both extent of DNA degradation and modification as well as the
amount of inhibitors remaining in the sample. Use of a suitable
DNA extraction protocol, such as the DNeasy Tissue kit, is
important for obtaining DNA amenable to the assay, but other
factors, such as years of storage and fixation process, will be harder
to control. This underscores the necessity for a pre-WGSA quality
control step that includes PCR of larger fragment sizes, such as
RAPD-PCR or multiplex PCR (16). This study attempts to outline
guidelines for qualifying FFPE DNA samples and analyzing qualified

samples, but not all FFPE blocks will yield DNA suitable for the
Mapping arrays.

FFPE DNA that is applied to the arrays may still vary in quality
and therefore require more or less stringent fragment size filters.
Despite reduction in coverage to accommodate loss of larger
fragments, high resolution for genotype, LOH, and copy number
assessment can still be maintained (Table 2; Supplementary
Fig. S1). This is true because of the large number of SNPs on small
fragments and because fragment size seems to be the only limiting
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factor. For example, with exclusion of SNPs on amplicons >700 bp,
as was required for the first set of five FFPE samples, 308,788 SNPs
were retained for analysis, providing a median and mean inter-SNP
distance of 4.3 or 9.5 kb, respectively. Although the 10K array is also
suitable for analysis of degraded DNA (3), the large SNP coverage
and the small fragment emphasis of the Mapping 500K arrays make
it ideal for FFPE sample analysis.

The percentage of FFPE samples archived in banks that could be
applied to the arrays with limited loss in genomic resolution would
be influenced by the methods of fixation and extraction used at
various institutes. Importantly, all samples stored for 6 years or
fewer provided copy number data for a minimum of 234K SNPs in
this study. Some of the samples applied to the arrays required
extremely stringent filters against fragment size, resulting in
significantly decreased resolution of genomic data. Potentially,
researchers may choose only to analyze DNA samples of such low
quality when the FFPE sample is considered to be particularly
precious. Importantly, RAPD-PCR results predicted that these
samples would display decreased performance on the array and a
PCR screen could be applied to avoid application of poorly doing
samples. With the advent of more standardized protocols for sample
processing in the future and with advances in DNA extraction, a
higher proportion of FFPE samples may be applicable to the arrays.

Despite the large banks of FFPE samples available for
retrospective studies that include follow-up analysis of patient
outcome, most of these studies currently focus on frozen samples
because of the limited options available for paraffin samples.
Additionally, FFPE processing holds advantages for tissue storage
during prospective studies, in which many biopsies are collected but
only a fraction of them are applied to downstream assays with
selection based on clinical outcome. These results outline guide-
lines for the application of FFPE samples to the same genome-wide
platform already available to high-quality DNA samples, thus
enabling widespread retrospective and prospective analysis of
turnor samples in their most common form of storage.
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Abstract

p53 is a key modulator of a variety of cellular stresses. In human neuroblastomas, p53 is rarely mutated and aberrantly expressed in
cytoplasm. In this study, we have identified a novel p53 mutant lacking its COOH-terminal region in neuroblastoma SK-N-AS cells.
p53 accumulated in response to cisplatin (CDDP) and thereby promoting apoptosis in neuroblastoma SH-SYSY cells bearing wild-type
P53, whereas SK-N-AS cells did not undergo apoptosis. We found another p53 (p53AC) lacking a part of oligomerization domain and
nuclear localization signals in SK-N-AS cells. pS3AC was expressed largely in cytoplasm and lost the transactivation function. Further-
more, a 3'-part of the p53 locus was homozygously deleted in SK-N-AS cells. Thus, our present findings suggest that p53 plays an
important role in the DNA-damage response in certain neuroblastoma cells and it seems to be important to search for p53 mutations

outside DNA-binding domain.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Apoptosis; Cisplatin; Homozygous deletion; Neuroblastoma; p53

p53 plays a pivotal role in the regulation of cell cycle
arrest and apoptosis. p53 is one of the most frequently
mutated genes in human tumors [1,2] and p53-deficient
mice developed spontaneous tumors [3]. Upon a variety
of cellular stresses, p53 accumulates in nucleus through
post-translational modifications including phosphorylation
and acetylation and thereby exerting its function [4].
Pro-apoptotic function of p53 is closely linked to its
DNA-binding activity. p53 acts as a transcription factor
to transactivate a variety of its target genes. Indeed, 95%
of p53 mutations in human tumors occur within its
DNA-binding region and these mutations inactivate pro-
apoptotic function of p53 [4].

Alternatively, p53 is inhibited by various mechanisms.
MDM2 acts as an E3 ubiquitin ligase for p53 and promotes

5 Corresponding author. Fax: +81 43 265 4459.
E-mail address: akiranakia.chiba-ce.jp (A. Nakagawara).
! These authors contributed equally to this work.

0006-291X/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/5.bbrc.2007.01.057

its proteolytic degradation through ubiquitin—proteasome
pathway [5.6]. Subcellular distribution of p53 also plays a
key role in the regulation of p53 [4]. p53 contains three
nuclear localization signals (NLS I, II, and III) in its
COOH-terminal region [7.8]. In contrast to other human
tumors, p53 is rarely mutated in neuroblastomas [9].
Neuroblastoma cells showed a cytoplasmic localization of
wild-type p53 and exhibited an impaired p53-mediated cell
cycle arrest in response to DNA damage, suggesting that
there exists a mutation-independent mechanism of p53 inac-
tivation [10-12]. Intriguingly, Nikolaev et al. demonstrated
that Parkin-like ubiquitin ligase termed Parc serves as an
anchor protein that tethers p53 in cytoplasm and thereby
regulating subcellular localization and function of p53 [13].
In this study, we have identified a novel p53 mutant
(p53AC) homozygously deleted in neuroblastoma SK-N-
AS cells and our current studies suggest that p53 status
plays an important role in the cell fate determination of
certain neuroblastoma cells in response to DNA damage.
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Materials and methods

Cell culture and transfection. Neuroblastoma cells were grown in RPMI
1640 medium supplemented with 10% heat-inactivated fetal bovine serum
(FBS, Invitrogen) and antibiotic mixture in a humidified atmosphere of
5% CO; in air at 37 °C. For transfection, cells were transfected with the
indicated expression plasmids using Lipofect AMINE 2000 according to
the manufacturer’s instructions (Invitrogen).

Construction of p53 mutant. cDNA encoding p53 mutant was amplified
by PCR using cDNA from SK-N-AS cells. Forward and reverse primers
were 5-AATATTTCACCCTTCAGGTACTAAG-3' (forward) and 5'-
CTCGAGTCACTGCCCCCTGATGGC-3' (reverse). Sspl and Xhol sites
shown in boldface type were introduced into forward and reverse primers,
respectively. PCR products were gel-purified and subcloned into pPGEM-T
plasmid (Promega). Constructs were confirmed by sequencing and then
digested with Sspl and Xhol. The digested fragment was again gel-purified
and then ligated with the Sspl and BamHI fragment of FLAG-p53 to give
pcDNA3-FLAG-p53CA.

RNA preparation and RT-PCR analysis. Total RNA was prepared
using RNeasy Mini kit (Qiagen) following the manufacturer’s protocol.
cDNA was synthesized using SuperScript II with random primers
(Invitrogen) and amplified by PCR using primers as described: p53: for-
ward, 5-CTGCCCTCAACAAGATGTTITG-3, and reverse, 5'-CTA
TCTGAGCAGCGCTCATGG-3; p21"**: forward, 5-ATGAAATT
CACCCCCTTTCC-3', and reverse, 5'-CCCTAGGCTGTGCTCACTTC-
3'; Bax: forward, 5'-TTTGCTTCAGGGTTTCATCC-3, and reverse, 5'-
CAGTTGAAGTTGCCGTCAGA-3'; p5S3AIPI: forward, 5'-CCAAGTT
CTCTGCTTTC-3' and reverse, 5'-AGCTGAGCTCAAATGCTGAC-3';
PUMA: forward, 5-TATGGATCCCGCACCATGGACTACAAGGA
CGACGATGACAAGGCCCGCGCACGCCAG-3' and reverse, 5-TAT
GGATCCCTACATGGTGCAGAGAAAGTCCCCC-3'; and GAPDH:
forward, 5'-ACCTGACCTGCCGTCTAGAA-3', and reverse, 5'-TCCA
CCACCCTGTTGCTGTA-3'.

Southern blotting. Genomic DNA was digested with Ps/I, separated by
1% agarose gel electrophoresis, and transferred onto nylon membranes.
Hybridization was performed at 65 °C in a solution containing 1 M NaCl,
1% N-lauroyl sarcosine, 7.5% dextran sulfate, 100 pg of heat-denatured
salmon sperm DNA/ml, and radio-labeled DNA. After hybridization,
membranes were washed twice with 2x SSC/0.1% N-lauroyl sarcosine at
50 °C and exposed to an X-ray film at —70 °C.

Immunoblotting. Cells were lysed in lysis buffer containing 25 mM
Tris-HCI, pH 8.0, 137 mM NaCl, 2.7 mM KCl, 1% Triton X-100, and
protease inhibitor mixture (Sigma). Lysates were separated by SDS-
PAGE and transferred onto Immobilon-P membranes (Millipore).
Membranes were probed with anti-p53 (DO-1, Calbiochem), anti-p53
(PAb122, BD Pharmingen), anti-phosphorylated p53 at Ser-15 (Cell Sig-
naling) or with anti-actin (20-33, Sigma) followed by incubation with
HRP-conjugated goat anti-mouse or anti-rabbit IgG secondary antibody
(Cell Signaling). Immunoreactive bands were detected using chemilumi-
nescence (ECL, Amersham Biosciences).

Subcellular fractionation. Cells were lysed in lysis buffer containing
10 mM Tris-HCl, pH 7.5, I mM EDTA, 0.5% NP-40, and protease
inhibitor mixture (Sigma). Lysates were centrifuged to separate soluble
(cytosolic) from insoluble (nuclear) fractions. The nuclear and cytosolic
fractions were subjected to immunoblotting using anti-p53, anti-Lamin B
(Ab-1, Oncogene Research products) or with anti-tubulin-o (Ab-2,
NeoMarkers).

Array-based comparative genomic hybridization (CGH) analysis.
Whole genome arrays of 2464 bacterial artificial chromosome (BAC)
clones were hybridized simultaneously with 500 ng of target DNA (SK-N-
AS, RTBMI, and SH-SYSY) and reference DNA (normal female genomic
DNA). Target DNAs were labeled with Cy3-dCTP and reference DNAs
with Cy5-dCTP by random priming. Hybridization, scanning, and data
processing were conducted as described previously [14.15].

Cell survival assays. Cells were plated at a density of 5000 cells/well in
96-well tissue culture plates. After attachment overnight, medium was
replaced and treated with CDDP for 24 h. Cell viability was measured by
MTT assay.

Flow cytometry. Floating and adherent cells were pooled and fixed in
ice-cold 70% ethanol for 4h at —20 °C. Cells were then stained with
10 mg/ml of PI (Sigma) in the presence of 250 mg/ml of RNase A at 37 °C
for 30 min in the dark. Number of cells with sub-G1 DNA content was
measured by flow cytometry (FACScan, Becton-Dickinson).

TUNEL assay. Apoptotic cells were identified using an in situ cell
detection, peroxidase kit (Roche Applied Science). Briefly, cells were fixed
in 4% paraformaldehyde and permeabilized with 0.1% Triton X-100. The
labeling reaction was performed using TMR red-labeled dUTP together
with other nucleotides by terminal deoxynucleotidyl transferase for 1 h in
the dark at 37 °C. Then, cells were mounted and the incorporated TMR
red-labeled dUTP was analyzed using a Fluoview laser scanning confocal
microscope (Olympus).

Luciferase reporter assay. H1299 cells were co-transfected with
pcDNA3, FLAG-p53 or FLAG-p53AC expression plasmid, p53-respon-
sive luciferase reporter (p21" ¥, MDM? or Bax), and pRL-TK Renilla
luciferase cDNA. Forty-eight hours after transfection, firefly and Renilla
luciferase activities were measured with dual-luciferase reporter assay
system according to the manufacturer’s instructions (Promega).

Colony formation assay. Forty-eight hours after transfection, SK-N-AS
cells were transferred to fresh medium containing G418 (400 pg/ml). After
16 days of selection, drug-resistant colonies were fixed in methanol and
stained with Giemsa’s solution.

Results
DNA-damage response in human neuroblastoma cells

To determine the effects of genotoxic agents on neurobl-
astomas, human neuroblastoma SH-SY5Y and SK-N-AS
cells were exposed to cisplatin (CDDP) and their viabilities
were examined by MTT assays. As shown in Fig. A, their
viabilities were significantly decreased in response to
CDDP. To address whether CDDP could induce apoptosis,
we performed TUNEL assay. As shown in Fig. 1B, we
observed a higher number of TUNEL-positive SH-SY5Y
cells exposed to CDDP, whereas CDDP had undetectable
effects on SK-N-AS cells. We further determined apoptotic
cells as sub-G1 population by flow cytometry. As seen in
Fig. 1C, a significant increase in number of SH-SY5Y cells
with sub-G1 DNA content was observed after CDDP treat-
ment, whereas CDDP treatment of SK-N-AS cells resulted
in an increase in S-phase cells but not in G2/M-phase cells.
Consistent with these results, thymiidine kinase (S-phase
marker) [16]was increased in CDDP-treated SK-N-AS cells,
whereas Plkl (M-phase marker) [17] remained unchanged
regardless of CDDP treatment (data not shown).

We then examined whether p53-dependent apoptotic
pathway could be activated in response to CDDP. As
shown in Fig. 1D, p53 was phosphorylated at Ser-15 in
SH-SY5Y cells exposed to CDDP. p53 remained
unchanged regardless of CDDP treatment, whereas p53
target genes including p21" " Bax, and PUMA were
transactivated in response to CDDP. In contrast, CDDP-
mediated phosphorylation of p53 at Ser-15 was undetect-
able in SK-N-AS cells. p21"" " was induced in response
to CDDP, however, CDDP-mediated up-regulation of
pro-apoptotic Bax and PUMA was undetectable, suggest-
ing that p53 pro-apoptotic function might be lost in
SK-N-AS cells.
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Fig. 1. Diflerential effects of CDDP on neuroblastoma cells. (A) Cell survival assays. Twenty-four hours after CDDP treatment, cell viability was analyzed
by MTT assays. (B) TUNEL staining. Twenty-four hours after CDDP treatment (20 pM), apoptotic cells were detected by TUNEL staining. Cell nuclei
were stained with DAPI. (C) FACS analysis. SH-SYSY and SK-N-AS cells were treated as in (B). Twenty-four hours after CDDP treatment, cell cycle
distributions were analyzed by FACS. Shown are the representatives of three independent experiments. (D) CDDP-induced accumulation of p53 in
neuroblastoma cells. Twenty-four hours after CDDP treatment, lysates and total RNA were subjected to immunoblotting (upper panels) and RT-PCR
(lower panels), respectively. For protein loading control, actin levels were checked by immunoblotting. For RT-PCR, GAPDH was used as a loading
control. (E) Subcellular localization of p53. The indicated neuroblastoma cells were fractionated into cytoplasmic (C) and nuclear (N) fractions and
subcellular distribution of p53 was analyzed by immunoblotting. Tubulin-o and Lamin B were used as cytoplasmic and nuclear markers, respectively.

To investigate molecular mechanism(s) behind p53
dysfunction in SK-N-AS cells, we examined subcellular
localization of p53 in various neuroblastoma cells. As
shown in Fig. 1E, p53 was detected in cytoplasm and

nucleus of RTBM1, LA-N-5, and IMR-32 cells bearing
wild-type p53 (data not shown). Of note, p53 was
abundantly expressed in cytoplasm of SK-N-AS cells
and its molecular mass was smaller than those of other
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cells, indicating that it might be due to certain structural
aberrations.

Structural aberration of p53 in SK-N-AS cells

To address whether p53 could have any aberrations in
SK-N-AS cells, we amplified the indicated genomic regions
of p53 using genomic DNA from SK-N-AS cells. RTBM1
cells were used as a positive control. As shown in Fig, 2A,
PCR-based amplification using primer sets including P1,
P2, P6, and P7 successfully generated estimated sizes of
PCR products, whereas remaining primer sets (P3-P5)
did not, suggesting that the genomic region containing
exons 10 and 11 of p53 might be lost in SK-N-AS cells.

To confirm genomic aberrations within p53 locus in SK-
N-AS cells, we performed Southern analysis. Radio-labeled
53 cDNA probe failed to detect PsfI fragment (2.0 kb in
length) which contains exons 10 and 11 in SK-N-AS cells
(Fig. 2B). Our array-based comparative genomic hybrid-
ization (CGH) analysis demonstrated that there exists a
large range of allelic deletion of chromosome 17p where
p53 is located in SK-N-AS cells (Fig. 2C). Furthermore,
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anti-p53 antibody which recognizes p53 extreme COOH-
terminal portion could not detect p53 in SK-N-AS cells
(Fig. 2D). Collectively, our results suggest that p53
COOH-terminal region is homozygously deleted in SK-
N-AS cells. We then cloned p53 cDNA. As shown in
Fig. 2E, a newly identified p53 (pS3AC) was composed of
369 amino acids including unique COOH-terminal struc-
ture (estimated molecular mass of 49 kDa), lacked a part
of oligomerization domain, and completely lost NLS II
and IIL. The 3'-side of intron 9 and the downstream region
containing exons 10 and 11 were deleted in SK-N-AS cells.
Its unique COOH-terminal amino acids were derived from
intron 9, suggesting that accurate splicing event might be
abrogated and thereby generating pS3AC.

Dysfunction of p534C

To ask whether pS3AC could have functional differences
as compared with wild-type p53, FLAG-p53 or FLAG-
p53AC was expressed in SK-N-AS cells and their subcellu-
lar localization was examined. As shown in Fig. 3A,
FLAG-p53 was detectable in cytoplasm and nucleus,
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Fig. 2. p53 COOH-terminal region is deleted in SK-N-AS cells. (A) Genomic structure of human p53 locus and positions of PCR primers (P1-P7) are
shown. ATPIB2 encodes ATPase, Na™/K ™ transporting B2 (upper panel). Genomic DNA from RTBM1 and SK-N-AS cells was subjected to PCR using
the indicated primers (lower panels). (B) Southern blot analysis. Genomic DNA was digested with PstI, separated by 1% agarose gel, transferred onto
nylon membrane, and probed with the radio-labeled p53 cDNA. Schematic diagram of human p53 and positions of PsI sites are also shown. (C) Array-
based comparative genomic hybridization (CGH) analysis. Hybridization was performed as described under Materials and methods. Arrays were scanned
and images processed using custom software. We normalized relative ratios of tumor and normal signals by setting the value of the median relative ratio
equal to 1. The data were then transformed into log 2 space and plotted as a histogram to determine cutoffs for scoring loss or gain. Three Gaussian
distribution curves were fitted to the histogram, and values >3 SD from the central Gaussian were scored as losses or gains for that tumor. (D)
Immunoblotting. Lysates from RTBM1 and SK-N-AS were processed for immunoblotting with the specific antibody against p53 extreme COOH-terminal
portion. (E) Amino acid sequence alignment of wild-type p53 and p53AC. The different amino acid residues between them are boxed.
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Fig. 3. Loss of function of pS3AC. (A) Subcellular localization of exogenously expressed wild-type p53 and pS3AC. SK-N-AS cells were transfected with
the indicated expression plasmids. Forty-eight hours after transfection, cells were fractionated into cytoplasmic (C) and nuclear (N) fractions followed by
immunoblotting with anti-p53 antibody. (B) Possible effects of COOH-terminal deletion of p53 on its transcriptional activity. SK-N-AS cells were
transfected with the indicated expression plasmids. Forty-eight hours after transfection, lysates and total RNA were subjected to immunoblotting and RT-
PCR, respectively (left panel). (Right panel) Luciferase reporter assays. p53-deficient H1299 cells were co-transfected with pcDNA3, FLAG-p53 or
FLAG-pS3AC expression plasmid, p53-responsive luciferase reporter (])21"“”1, MDM?2 or Bax) and Renilla luciferase cDNA. Forty-eight hours after
transfection, luciferase activities were measured. (C) Colony formation assay. Forty-eight hours after transfection, SK-N-AS cells were transferred to fresh
medium containing G418 (400 pg/ml). Sixteen days after selection with G418, drug-resistant colonies were stained with Giemsa’s solution (left panel) and

the number of colonies was scored (right panel).

whereas FLAG-p53AC was largely expressed in cytoplasm.
Next, we examined transcriptional potential of pS3AC in
SK-N-AS cells. As seen in left panel of Fig. 3B, FLAG-
p53 but not FLAG-p53AC was phosphorylated at Ser-15.
Consistent with these results, FLAG-p53 transactivated
21" and p53A4IPI. In contrast, FLAG-p53AC failed
to transactivate p21""*" and p53AIPI. Similar results were
also obtained by luciferase reporter assays (Fig. 3B, right
panel). To examine effects of COOH-terminal deletion on
pro-apoptotic activity of p53, we performed colony forma-
tion assays. SK-N-AS cells were transfected with empty
plasmid, FLAG-p53 or FLAG-p53AC expression plasmid
and maintained in medium containing G418 for 16 days.
As shown in Fig. 3C, number of drug-resistant colonies
was significantly reduced in cells expressing FLAG-p53.
Intriguingly, enforced expression of FLAG-pS3AC resulted
in a decrease in number of drug-resistant colonies but to a
lesser degree as compared with that in cells expressing
FLAG-p53. These observations suggest that COOH-termi-
nal deletion reduces transcriptional and pro-apoptotic
activities of p53.

Discussion

In this study, we have identified pS3AC in SK-N-AS
cells. Consistent with the recent report [13], p53 was

predominantly expressed in cytoplasm of SK-N-AS cells.
According to their results, Parc inhibited p53 nuclear trans-
location through the direct interaction with its COOH-ter-
minal region. Since p53 contains three NLSs in its COOH-
terminal region, Parc might inhibit its nuclear access by
masking its NLSs [13]. In accordance with these findings,
p53 COOH-terminal peptide inhibited its cytoplasmic
retention [12]. Based on our immunoprecipitation experi-
ments, wild-type p53 but not p5S3AC was co-immunopre-
cipitated with the endogenous Parc in SK-N-AS cells
(data not shown), suggesting that cytoplasmic retention
of p5S3AC is regulated in a Parc-independent manner.
pS3AC lacks NLS II and III but retains NLS 1. Although
Kim et al. described that importin-o interacts with NLS 1
of p53 and mediates its nuclear import [18], NLS II
and/or TIT might play a major role in nuclear import of
p53 in SK-N-AS cells.

p53 phosphorylation is significantly associated with its
pro-apoptotic function [4]. Exogenously expressed wild-
type p53 but not p53AC was phosphorylated at Ser-15 in
SK-N-AS cells without DNA damage and transactivated
21" and p534IPI. Rodicker and Putzer described that
exogenously expressed p53 is phosphorylated at Ser-15
without DNA damage [19]. Although it is unknown why
exogenously expressed p53 but not p53AC is phosphory-
lated at Serl5 without DNA damage, it might be at least
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in part due to its cytoplasmic retention. Colony formation
assays demonstrated that wild-type p53 markedly reduces
number of drug-resistant colonies in SK-N-AS cells, sug-
gesting that there might not exist functional disruptions
of downstream mediators of p53 in SK-N-AS cells. In
response to CDDP, SH-SYS5Y cells underwent apoptosis
in association with a significant induction of p53. On the
other hand, SK-N-AS cells did not undergo apoptosis in
response to CDDP, suggesting that p53 status might deter-
mine neuroblastoma cell fate to survive or to die. Intrigu-
ingly, CDDP treatment of SK-N-AS cells induced an
accumulation of S-phase cells accompanied with up-regula-
tion of p21™*F!  Since p53AC failed to transactivate
211 and CDDP had undetectable effects on p73 and
p63 (other members of p53 family) (data not shown),
CDDP-mediated up-regulation of p21"** in SK-N-AS
cells is regulated in a p53 family-independent manner.
Knudsen et al. reported that CDDP-mediated DNA
damage induces an intra-S-phase cell cycle arrest, which
is correlated with a protection against apoptosis [20]. Thus,
the genome maintenance system might delay the onset of
mitosis, and thereby providing time to complete DNA
repair and/or DNA replication before cell division in
SK-N-AS cells. Further efforts should be necessary to
address this issue.

Majority of p53 mutations is detected within its DNA-
binding region [21]. SK-N-AS cells have been believed to
express wild-type p53 [22]. Much of information regarding
p53 mutations was derived from sequence analysis of exons
5-8 which encode its DNA-binding domain [4]. Indeed,
there exist missense mutations in p53 oligomerization
domain [23]. According to their results, Leu to Pro substi-
tution at 344 inhibited the oligomerization of p53 and abol-
ished its DNA-binding activity. Since p53AC lacks a part
of oligomerization domain including Leu-344, p53AC
might exist as a monomeric latent form. Recently, Bourdon
et al. described that human p53 is expressed as multiple iso-
forms including p53B and p53y [24]. Based on amino acid
sequence comparison, pS3AC was distinct from p53p and
p53y (data not shown). During the preparation of our
manuscript, Goldschneider et al. reported that SK-N-AS
cells express p53p [25]. This discrepancy might be attribut-
ed to co-expression of p53p and p53AC in SK-N-AS cells
and/or due to the acquired heterogeneity of SK-N-AS cells
during culture. Additionally, murine p53 expresses an alter-
native splicing isoform termed ASp53 with different
COOH-terminus from that of wild-type p53 [26]. ASp53
displays an enhanced transcriptional activity as compared
with wild-type p53, indicating that pS3AC is distinct from
human counterpart of ASp53.
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Clinical characteristics and outcomes in patients with (8;21) acute myeloid leukemia

in Japan

Leukemia advance online publication, 16 August 2007;
doi: 10.1038/s{.leu.2404905

In acute mveloid Jeukemia (AML, €8;211g22;422; translocation
is one of the most common karvotype abnormalities, occurring
in 7-#% of adull patients.' This change is closely associated
with AMI-M2 sublype in the French-American-British (FAB)
e lassification, a type of AML with high complete remission (CR;
rale (85-90%. and Tavarable survival rate.' Studies conductedd
in western counlries have  demonstrated  that - survival is
prolonged when consalidation chemaotherapies comprising
high-dose cytarabine are administered.”

A rescarch group from the Cancer and eukemia Group B
reported that clinical characteristics of 18,21 AML could aler
depending on ethnicity, suggesting that direct acdoption of
freatment strategios based on clinical studies conducted in
western countries 1o Japanese patients may not be advisable.”
A recent study from Japan Tocused mainly on the dlinical impact
of cytogenctics.” Information on clinical characteristics and
optimal treatments, such as the dlinical impact of high-dase
cvtarabine, thus remains unavailable for Japanese palients,

To cestablish optimal therapeutic strategies  applicable 1o
Japanese patients, clarification of clinical characteristics and
outcomes in lapanese patients with ©8;21) AML is crucial. The
present retrospective multicenter study was conducted 1o
investigale the clinical characteristics of Japanese patients with
U821 AML.

From January 2000 to December 2005, a total of 147
japanese adult patients {2 15-years-old, who were newly
diagnosed with de nova AML (FAB: M2) according 1o FAB
classifications, were consecutively enrolled in nine collaborat-
ing hospitals. We retrospectively reviewed the medical records
of these patients. These 147 patients included 40 patients with
168:21) AML and 101 AMLIM2) patients without 1(8;21).

Diagnosis of #8;21) AML was established based on chromo-
somal analvsis (G-handing, n=45) and/or detection of RUN-
XHAMLTYMTGHBIETO)  fusion  gene by real-time  reverse
transcription-polymerase chain reaction tn-= 163, Overall survi-
val was calculated from diagnosis to death from any causes and
evenl-free survival was defined as the time from diagnosis to the
inllowing events: first relapse of AML; treatment-failure; or death
from any cause except leukemia. High-, standard- and low-dose
cytarabine were defined as 22 g/m'/day, 100-200 mg/m?/day
and =40mg/m’/day, respectively. No patients received any
other doses of cytarabine. Of the 46 patients with 18;21), 4 were
enrolled in the AML 202 study of the Japan Adult Leukemia
Study Group.

Overall survival rate was calculated using the Kaplan-Meier
product limit method. A log-rank test was applied 1o assess
impact by the factor of inferest when appropriate. Estimated
survival was calculated as of January 31, 2007. Uni- and
multivariate Cox proportional hazard models were applied 10
estimate the impact of potential prognostic factors. Factors
associated with at least borderline significance (P<0.10) in
univariale analyses were subjected 1o multivariate analysis using
hackward stepwise proportional-hazard modeling. Values of

P<0.05 were considered statistically significant. Multivariate
Cox proportional hazard madels were used to determine the
influence of age, sex and karyatype twith or without 18,215 on
survival of all 147 patients. Al analyses were conducted using
STATA version 9.2 software (STATA, Collegpe Station, TX, USA),

Characteristics of AML patients with 18,211 are shown in
Table 1 Patients with 18;21) timedian age, 49.5 years; rnge,
18-86 years) were significantly younger than AMLIM2) patients
without 18:21) inedian age, 60 years; range 17-90 years;
P 0.001 AMEM2) patients withouwt 18:21) included 57 men
and 44 women. The median follow-up of surviving patients was
27.0 months range. 0,2-82.6 months) after diagnosis,

Twelve patients with 18;21) AML died during follow-up at o
maedian of 10.6 months (range, 3.1-80.1 months) after diagnosis
due to primary discase (n-10), pneumonia (n - 13 or sudden
cardiac death (n- 1. Overall survival rates at 3 vears aiter
diagnosis in patients with 1821 was 70% (95% confidence
interval (Ch, 51-83%. This rale was significantly better than
that in AML tM2) patients without 18:21) overall survival at
boyears, (.43 (95%0C1 0.32-0.54); log-rank dest, P 0.005;
Figure Tal Among patients < 60-vears-old, overall survival rates
of patients with t@;21) AML and patients with non-u8;2 1
AMLIM2Y were 71% (95%CL 47-806%) and 58% 195%C1, 41~
72%:, respectively dog-rank test, P 0.28; Figure 1hy. Event-free
survival rate al 3 years in patients with 18,2 1) was 54% (95%(1,
A7-69%). Overall survival rates in patients with 18,21
according to karyotype are shown in Figure 1c. No significant
difference in averall survival (Figure 1¢) or event-free survivals
were noted between karyotypic groups (og-rank lest, P 0.27
and P= .51, respectivelyl. There was not any significant
association between presence of extramedullary involvement
and additional karyotype abnormality (7= 0.491.

Of the 45 patients who received induction therapy, 36 and 5
patients achieved CR after first and  sccond  courses  of
chemotherapy, respectively (Table 1), CR rale was 91%.

Of the 40 patients who received induction therapy containing
standard-dose cytarabine, 38 achieved CR. Amaong those, 21
patients received high-dose cytarabine-containing consolidation
therapy. One of the 21 patients died in CR during consolidation
therapy, due to infection, Event-free survival rates in patients
with and without high-dose cytarabine were shown in Figure 1d.

In multivariate analysis, age and white blood cell count at
diagnosis represented  significant unfavorable  predictors of
overall survival, White blood cell count and lactate dehydro-
genase level at diagnosis represented  significant unfavorable
prediclors of event-free survival. (Table 2) Among 147 patients
with AML tM2), presence of 18;21) was not a significant
predictor of survival thazard ratio, 0.65; 95%C1 0.34-1.24;
P~ 0,19} in multivariate analysis.

The present study demonstrated a more favorable survival rate
for patients with 1(8;21) AML in Japan than seen in recent studies
conducted in western countries, ™ even though mecian age in
the present study 49.5 years) was higher than those in recent
studies (28-43 years). ™™ Median white blood cell count and
platelet count in the present study, which have been reported as
predictors of survival in previous studies,” ™ were consistent
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Table 1 Characteristics aned treatment of patients with 18;2 1 AM]
Variahles Number
Age {years) Mexddian, ranges 49.5 (18-86)
Sex IAsle/female 32/14
Karyotypic abnormality”

(A 182 122, q22% without additional karyotypic abnormality 12

B 1{8:211g22; q22) with loss of sex (Y) chyomosome 13

{Cy 182 1){22: g22) with abnonmal chromosome 9 4

(D) #8:21)q22; 22) with = 3 additional abnormalities ¢]

{£) 48:21)422; q22) with loss of X chromosome 3

{F) Other karyotypic abnonmalities” 3
White: blood cell count (/) Medlian, rangs 9360 (HON-54970)
Red blond cell count {10E6/) Mesian, range 2.4 (0.6-4.0)

Hemoglobin al diagnosis (g/di)
Platelet count (10E3/,0
Lactate dehydrogenase level (U4
Extramedullary involvement
Surface anligens on leukemia cells

Ch 7

CD 13

cb 119

CD 33

Ch G

D 567

HLA-DR

First incluction thetapy” .
Idarubicine 12 mg/m” d1-3+cytarabine 100mg/m’ di-7
Daungrubicine 50 mg/m” di-5+cytarabine 100 mg/m® d1-7
Low-dose cylarabine-based chemotherapy
Other regimen

Quicomes of first induction therapy
Complete remission
GComplete remission not achieved

Consolidation therapy®
High-dose cylarabine-based chemotherapy
Courses of high-dose cylarabine (1/2/3/4)
Standard cytarabine-based chemotherapy
Low-dose cylarabine-based chemotherapy

Hemalopoietic stem cell transplantation
In first complete remission {(autologous/aliogeneic)
In other stage (autologous/allogeneic)

; 8.5 (2.3-12.8)
Median, range 34 {6-99)
Metdian, rangs 453 (162-36831)
Present™/aboent B3¢

2/42
4173
W/ atsen 29/17
Wabsen 36/11
Wabsent 42/2
Prasant/absent 3217
Present/abuent 44/2

37
3
4
1

36
g

21
14/12/4
16

2

3/4'
O//8

Abbreviation: AML., acule myeloid leukemia.

“Two patients were diagnosed by detection of RUNX1/MTGS fusion gene using reverse transcription-polymerase chain reaction.

YThose included 46.XY, 18:21)(a22:a22), del(t 1)(p11p13) (n = 1) 46,XY, 1(7:21:8)(q22:q22;022) (n

(1 - 1) and 46, XX, 12, 1QG37:p131LU8:21)g22:422) {n = 1).

“Including skin {n = 2}, submandibular lymph nodes (7 = 1), mediastinum (n

nodes {n ~ 1), liver (n= 1), lung {¢ = 1) and subcutaneous (n - 1).

1), 45.¢Y, 118:12;21ig22:p11:q22). del@ig?)

- 2), cervical lymph nodes {n - 2, spleen (n — 2), submandibular lymph

“iviean fluorescence intensity of CD56 among karyolype group A-F was 68, 42, 48,83, 85 and 18%. respectively.

“One patient rejecled chemotherapy.

'Five patients achieved complete remission after second course of induction therapy. Three of the remaining 4 patients died with disease
progression at a median of 195 days (range, 92-243 days) after diagnosis. The final remaining patient underwent aliogeneic peripheral blood stem
cell transplantation from an HLA-maiched sibling at day 114 after diagnosis.

90ne patient did not receive consolidation therapy and data were unavailabie for one patient.

"This patient received autologous hematopoietic stem cell transplantation in first complete remission.

Those palients had received slandard-dose cylarabine (- 2) or high-dose cylarabing {n -~ 2) containing consolidation therapies before

transplantation.

with those in previous studies. Differences in patient back-
grounds between recent studies and ours are thus unlikely to
have affected survival rates. These results indicate that 18;21)
AML in Japanese patients is associated with more favorable
outcomes than seen in palients from western  countries.,
Prognosis of 18;21) AML may differ according to ethnicity,
although statically analysis was not conducted. Turther large-
scale studies to investigate differences in clinical outcome
among patients of various cthnicities thus appear warranted.

Leukemia

Interestingly, differences in overall survival hetween 18,21
AML patients and AMLIM2: without 118,211 patients were
unclear after. adjusting for age (Figure 1hi. One possible
explanation is that AML (M2} in Japanese patients is associated
with favorable outcomes. Another explanation is that favorable
outcomes for 168;21) AML are greatly related to low patient age.
To date, information on dinical differences after adjusting for
age hetween 18,217 AML and AMLIM2) without 18;21) limited,
and is worth investigating in future studies.



1
Letter to the Editor @

3
a 1.00 | c
1.00
Patients with t(8;21) (n=46)
0.75
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Figure 1 Overall survival rates, Ovorall survival rates of the AMIEM2) patient with on without 108;2 1) were shown inai, Overall survival rate ot

3 ovears aller diagnosis in patients with 18;215 was 0.70195%CE 0.51-0.8%. Overall survival rate ol 3 vears aiter diagnosis in patients with non-
UE2TE AMLIMZY was 043 195%0C1. 0.32-0.54y @i A significant dilference was identified between groups log-rank test, P- 0.005) Overall
survival rates for AMEIMI patients ~ 60-years-old were shown in thi. Overall survival rate at 3 years after diagnosis in patients with or without
U821 was 0.711955%0CL 0.47-0.800 and 0.58 (959,01 0.41-0.72), vespectively. No significant difference was seen between groups dog-rank tost,
P 028 thy. Overall survival rates according 1o karyolype atdiagnosis were shown in Pancl ¢. Survival rates of the follawing karyotype groups are
shown: (A 182 11G2 256225 without other karyatype abnormality; () 68;2 T2 2,221 with loss of sex (Y1 chromosome; (C) 68:21iq22:¢22) with
abnormal chromosame 9 1) 682122225 with 33 additional abnormalities; £) 18:2 122,022+ with lose of X chromasome and F other
karyotype abnormalities. No signiticant diflerence was noted between groups Gog-rank test, P~ 0,275 1c). Event-free survival rates with high- and
standard-dose evtarabine were shown in iy, Fvent-free survival rates at 3 years after diagnosis in patients with consolidation therapy conlaining
high- and standard-dase cvtarabine woere 57% 05%C1, 32 76%) and 64% 95%C1, 34 83%,), respectively log-rank test, P 0.691 The four
patients who received the alfogencic stem celf transplantation in the Tirst complete remission were excluded from the analysis i, AML, acute
mveloid teukemia; CL confidence interval,

Table 2 Risk factors for averall and event-liee survival in patients with £8;2 1) AML
Univariate factors Overall survival Event-free survival

HR 95% CI P HR 95% CI P
Age (years) 1.04 1.00-1.08 0.08 1.01 0.98-1.05 0.37
Sex {male vs female) 2.25 0.48-10.4 0.30 1.75 0.58-5.32 0.32
Induction therapies (fow-dose vs standard-dose cytarabine-containing 2.57 0.55-12.0 0.23 2.65 0.76-9.23 0.13
regimens)
White blood cell count at diagnosis {z 10E4/ul vs « 10E4/p) 6.78 1.48-31.0 0.01 4.41 1.57-12.41 0.005
Hemoglobin at diagnosis (inear by 1g/dl increase) 1.01 0.81-1.25 0.94 1.08 0.90-1.30 0.40
Platelet count at diagnosis {linear by 10E4/nl increase) 1.06 0.86-1.32 0.58 1.01 0.84-1.22 0.91
Lactate dehydrogenase level at diagnosis flinear by 11U increase) 1.00  1.000-1.001  0.06 1.001  1.0002-1.0011  0.004
CD56 expression of leukemia cell {positive vs negative)® 0.59 0.15-2.39 0.46 0.78 0.22-2.78 0.71
Karyotype (1(8:21) with other additional abnormality vs £(8;21) without 1.01 0.31-3.31 0.99 1.05 0.42-2.66 0.91
additional abnormality or #8:21) with loss of sex (i chromosome)?
Extramedullary involvement (present vs absent) 0.92 0.20-4.25 0.91 0.87 0.25-3.02 0.83
Stepwise multivariate factors
Age lyears) 1.04 1.00-1.08 0.04 NA NA NA
White blood cell count at diagnosis {:2 10E4/ul vs < 10E4/,4) 7.70 1.66-35.7 0.008 3.68 1.28-1050  0.02
Lactate dehydrogenase level at diagnosis flinsar by 1 IU increase) NA NA NA 1.001 1.000-1.001 0.02

Abbreviations: AML, acute myeloid leukemia; 95% Cl, 95% confidence interval; HR, hazard ratio: NA, not applicable.
“Patients with an unknown variable were included in the analysis using a dummy variable indicating missing data.

Leukemia
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Additional karvotype abnormalities have been reported as an
unfavorable prognostic factor for 18;21) AML. Tho significance
of these abnormalitics may vary with ethnicily.” In the present
stuely, the prognaostic impact of additional karyotype abnormali-
ties fincluding loss of the sex chromosome and abhormal
chromosome 9y was uncertain, consistent with a previous study
from Japan.® Additional karyotype abnormalities may  nal
reprosent an imporlant prognostic factor in lapanese patients,
However, trisomy 4 still recuires spec ial consideration. Al
lapancese patients with trisomy 4 in an carlier study died within
yoars.” This additional karyotype warrants further investigation,
since the present study did not include these patients.

No - clinical impact of high-dose cytarabine  consolidation
therapy in Japanese 1#;21 AML palients was demonstraled in
the present study, inconsistent with previous studies from weslern
countries.”" Eificacy of high-dose cytarabine may differ between
patients from Japan and westermn countries. Since  intensive
chemotherapy such as high-dose cytarabine carries a risk
treatmoent-related morbidity and montality, dinicians must care-
fully select eligible patients who would henefit from this regimen.
Overall survival rale in patients with high-dose cytarabine was not
inferior to thal in patients wha received standard or low-dose
regimens (data not showny, Our results indicate that high-daose
eytarahine consolidation chemotherapy is feasible in Japancse
patients with 18;:21) AML and that investigation of efficacy by
conducting a randomized trial in Japan is wartanted.

Despite providing novel and useful information on (8:21)
AML in fapan, some issties remain to be discussed. First, the
patients known to have a less goad prognosis, such as those with
additional trisomy 4 was not induded in the present study.
Second, the information on tyrosine kinase mutations in the
patients with 118;213 was not presented in the present study, The
tvrosine kinase mutations among various ethnicilies are require
tor investigate in future studies, since those could influence the
prognosis. Furthermore, specific mutations often assaciated with
18;21). such as N-Ras and FlIt3 besides ¢-kit are also worth
investigating. The last detailed information of AMLIM2) patients
without 1#8;21, including white blood celt count and karyotype
at diagnaosis, and induction and consolidation treatment were
nal available in the present study. Thase require o be
investigated in future studies,

In summary, the clinical characleristics of €8:21) AML mighl
differ between patients from Japan and western countrics.,
Clinicians should be alert to potential clinical differences among
cthnicities. Further large-scale studies on differences in clinical
characteristics among various ethnicities including Japancse
patients are required.
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Ewing’s family tumor (EFT) is a rare pediatric tumor of unclear origin that occurs in bone and soft tissue.
Specific chromosomal translocations found in EFT cause EWS (o fuse to a subset of ets transcription factor
genes (ETS), generating chimeric EWS/ETS proteins. These proteins are believed (o play a crucial role in the
onset and progression of EFT. However, the mechanisms responsible for the EWS/ETS-mediated onset remain
unclear. Here we report the establishment of a tetracycline-controlled EWS/ETS-inducible system in human
bone marrow-derived mesenchymal progenitor cells (MPCs). Ectopic expression of both EWS/FLI1 and
EWS/ERG proteins resulted in a dramatic change of morphology, i.e., from a mesenchymal spindle shape to
a small round-to-polygonal cell; one of the characteristics of EFT. EWS/ETS alse induced immunophenotypic
changes in MPCs, including the disappearance of the mesenchyme-positive markers CD10 and CD13 and the
up-regulation of the EFT-positive markers CD54, CD99, CD117, and CD271. Furthermore, a prominent shift
from the gene expression profile of MPCs to that of EFT was observed in the presence of EWS/ETS. Together
with the observation that EWS/ETS enhances: the ability of cells to invade Matrigel, these results suggest that
EWS/ETS proteins contribute to alterations of cellular features and confer an EFT-like phenotype to human

MPCs.

Ewing’s family tumor (EFT) is a rare childhood cancer aris-
ing mainly in bone and soft tissue. Since EFT has a poor
prognosis, it is important to elucidate the underlying patho-
genic mechanisms for establishing a more effective therapeutic
strategy. EFT is characterized by the presence. of: chimeric
genes: composed. of EWS and: ets transcription factor genes
(ETS) formed: by specific chromosomal translocations, ‘ie.,
EWS/FLI, (11;22)(q24:q12); EWS/ERG; t(21:22)(q12;412);
EWS/ETVI, (7:22)(p22;q12); EWS/EIAF, t(17;22)(q12;412);
and EWS/FEV, ©(2;22)(q33;q12) (26). The. products of these
chimeric genes. behave: as- aberrant transcriptional regulators
and are: believed to-play a crucial role in  the onset and pro-
eression of BFT (3, 36). Indeed, recent studies have revealed
that the induction of EWS/FLII proteins can trigger transfor-
mation. in certain cell types, including: NIH 3T3 cells (36),
C2C12 myoblasts (12), and-murine primary bone marrow-de-
rived mesenchymal progenitor cells (MPCs) (6, 43, 52). How-
ever, studies have also indicated that overexpression of EWS/
FLI1 provokes apoptosis and growth arrest in mouse normal
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embryonic fibroblasts and primary human fibroblasts (10, 31),
hence: hampering understanding of the precise role of EWS/
ETS proteins in” the development of EFT. The function of
EWS/ETS proteins would be greatly influenced by cell type,
and thus the cells that can originate EFTs might be more
susceptible to the tumorigenic effects of EWS/ETS.

Although the cell arigin of EFT is still unknown, the expres-
sion of neuronal markers in spite of the occurrénce in bone and
soft tissues has kept open the debate as to a potential mesen-
chymal or neuroectodermal origin. As described above, ectopic
expression of EWS/FLIT results in“dramatic changes in mor-
phology and the formation of EFT-like tumors in murine pri-
mary bone marrow-derived MPCs but nof in murine embry-
onic stem cells (6, 45,52), supporting.the notion that MPCs are
a-plausible cell origin of EFT (45). However; othérs argue that
MPCs cannot be considered progenitors of EFT without fur-
ther evidence of similarity between human EFT and MPC-
EWS/FLIl-induced tumors in mice (29, 46).

The development of -experimental systems using murine
species is useful for elucidating the mechanisms behind the
pathogenesis of EFT. However, several differences between
human and murine systems cannot be ignored; these differ-
ences include the expression patterns of surface antigens in
MPCs, for instance (7, 44, 51, 53). Moreover, human ¢élls are
difficult to transform in vitro, and the transformed cells of mice
seem to produce a more aggressive tumor than those of hu-
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TABLE 1. Cell lines used in this study and fusion transcript types

Fusion transcript

Cell line Diagnosis type Reference
EES-1 EFT EWS/FLII type | 20
SCCH196 EFT EWS/FLI type 1 21
RD-ES EWS/FLIL type 11 5
SK-ES1 EWS/FLIT type 11 5
NCR-EW2 EFT EWS/FLIT type 1 19
NCR-EW3 EFT EWS/EIAF 19
W-ES EFT EWS/ERG 13
NB6Y NB 15
NB9 NB 15
GOTO NB 47
NRS-1 RMS PAX3/FKHR 40

mans (1). The findings suggest the existence of undefined cell-
autonomous mechanisms that render human cells resistant to
malignant transformation. Therefore, the use of human cell
models is ideal for clarifying how EFT develops. Models of the
onset of EFT have been generated using primary. fibroblasts
(31) and rhabdomyosarcoma cells (23). However, these cell
types are not appropriate for studying the origins of EFT; and
a model that precisely recapitulates EWS/ETS-mediated EFT
formation'is required.

UET-13 cells are obtained by prolonging the life span of
human bone marrow stromal cells by use of the retroviral
transgenes hTERT and E7 (38, 50), retain the- ability to dif-
ferentiate into not only. mesodermal derivatives but also neu-
ronal progenitor-like cells, and. are considered:a good model
for studying the cellular events in human MPCs. Therefore, we
have examined the biological effect of EWS/ETS in human
MPCs by use of UET-13 cells by exploiting tetracycline-induc-
ible systems for expressing EWS/ETS (EWS/FLIT and EWS/
ERG). Here we: report. that overexpression of EWS/ETS
mediates an EFT-like phenotype, including morphology, im-
munophenotype, and gene expression profile, with enhance-
ment of the Matrigel invasion ability of UET-13 cells.

MATERIALS AND METHODS

Cell cultures and establishtuent of UET-13TR-EWS/ETS cell lines: UET-13
cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 10%
Tet system approved fetal bovine serum (T-FBS) (Takara) at 37°C under a
humidified 3% CO, atmosphere, EFT cell lines” (EES-1 [20], SCCH196 [21],
RD-ES and SK-EST [5], NCR-EW2 and NCR-EW3 [19], and- W-ES [13]) and
neuroblastoma, (NB) cell- flines (NB69 ‘and NBY [15] and GOTO [47]). were
cultured in RPMI 1640 with 10% FBS. A rhabdomyosarcoma cell line, NRS-1
(40), was cultured in Fagle’s minimal essential medjum with 10% FBS. The cell
lines used in this study are listed in Table 1.

UET-13cells were seeded at a density of 5 {0% cells per well in 24-well tissue
culture plates 1 day prior to transfection. For introducing the tetracycline-induc-
ible system, UET-13 cells were transfected with pcDNAG-TR (Invitrogen) by use
of Lipofectamine 2000 (Invitrogen). After 72 Ir, the medium was replaced with
fresh 'meditm containing 200 pg/ml of blasticidin'S' (Invitrogen). Individual
resistant clones were selected for a- nionth and designated UET-13TR ceils.
UET-13TR cells were further transfected with pcDNA4-EWS/ETSs constructed
as déscribed below, and individual resistant clones were selected in DMEM
containing 10% T-FBS and 200 to 300 pg/ml of Zeocin (Invitrogen). The Zeocin-
resistant clones were expanded and tested for the induction of EWS/ETS ex-
pression upon the addition of tetracycline by use of reverse transcription-PCR
(RT-PCR) as described below,

Plasmid construction, A gateway cassette (bases 1 to 1705) was amplified from
pBLOCK-T3-DEST (Invitrogen) by PCR, and the PCR product was inserted
into' the EcoRV site of pcDNA4-TO (Invitrogen) (termed pcDNA4-DEST).
Since the type I EWS/FLI1 is a stronger transactivator than the type I product
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(32), we used the type II variant in the present study. EWS/ERG was isolated
from W-ES, an EFT cell line, joining EWS exon 7 and ERG exon 9. Full-length
EWS/FLII type II and EWS/ERG ¢DNAs were amplified from cDNAs prepared
from NCR-EW2 and W-ES cells, respectively, by PCR as described below and
cloned into the XmnI-FcoRYV sites of pENTR11 (Invitrogen). The resuiting
pENTRI1-EWS/ETSs were recombined with pcDNA4-DEST by use of LR
recombination reaction as instructed by the manufacturer (Invitrogen) to con-
struct the tetracycline-inducible EWS/ETS expression vector pcDNA4-EWS/
ETSs.

Western blot analysis. UET-13 transfectants were cuitivated with or without 3
pg/ml of tetracycline for 72 h. Western blot analysis was performed as previously
described (37). Briefly, the cell lysates were prepared and separated on a 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel and transferred
onto a polyvinylidene difluoride membrane. The membranes were blocked with
3% skimmed milk in phosphate-buffered saline (PBS) containing 0.01% Tween
20 (Sigma) and incubated with primary antibodies. As the primary antibodies,
anti-Fli-1, anti-Erg-1/2/3 (Santa Cruz Biotechnology), and anti-actin (Sigma)
were used. Horseradish peroxidase-conjugated anti-rabbit or anti-mouse immu-
noglobulin G (IgG) antibodies (DakoCytomation) were used as secondary anti-
bodies. Blots were detected by chemiluminescence using an ECL Plus Western
blotting detection system (GE Healthcare Bio-Science Corp.) and exposed to
X-ray film (Kodak) for 5 to 30 min,

MTT assay and detection of apoptosis. Growth curves of UET-13 transfectants
were’ determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay as described previously (18). The apoptosis was detected
using an annexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit
(Biovision) according. to the manufacturer’s instructions and analyzed by flow
cytometry (Cytomics FC500; Beckman Coulter).

Immunofioorescence analysis. After 1 week of culture in the absence or
presence of tetracycline, UET-13 cells and the transfectants were harvested with
0:25% trypsin plus EDTA (IBL). The cells (2 10°) were incubated with mouse
monoclonal antibodies for 20 min: I the case of fluorescence-labeled antibodies,
the cells were washed with- PBS and’ then analyzed. In' the case of primary
unconjugated mouse antibodies, the cells were washed and then incubated with
FITC:conjugated:‘goat " anti-mouse IgG: antibody . (Jackson: ImimunoResearch
Laboratories) for:20 min. Cell fluorescence was detected using a Cytomics FCS00
instrument as described previously (27).

Antibodies against the following human antigens were used: CD10, CDI13,
CD14, CD29, CD34, CD40, CD44, CD45, CD49%e, CD54, CDS6, CD61, CDY0,
CDI105, CD117, and CD166 from Beckman Coulter; CD73 from BD Bio-
sciences-Pharmingen; CDS3 from Abcam; CD5Y from Cedarlane Laboratories;
and CD133 and CD271 from Miltenyi Biotec GmbH.

Immunocytochemistry. Cells were grown on, collagen type I-coated cover
glasses (Iwaki). After 72 h with or without tetracycline, cells were fixed for 30 min
in 4% paraformaldehyde and permeabilized in PBS containing 0.2% Triton
X+100 (Sigma) for 30 min. Subsequently, they were washed with PBS and blocked
in PBS containing 0.1% Triton X:100 and 1% bovine serum albumin (Sigma) for
30 min before being incubated with a monoclonal anti-CD99 antibody, i.e., 12E7
(1:100) (DakoCytontation) or O13 (1:200) (Thermo), and polyclonal anti-Fli-1
antibody (1:100) (Santa Cruz) for 1 h. Bound antibodies were visualized with
appropriate secondary antibodies, i.e., Alexa Fluor 488 goat anti-niouse IgG
(heavy plus light chains) highly cross-adsorbed and-Alexa Fluor 346 goat anti-
rabbit IgG (heavy pluslight chains) highly cross-adsorbed (Invitrogen) for 1 h at
1:360, Nuclei were counterstained with 4’,6"-diamidino-2-phenylindote (DAPI)
or propidiumi iodide (PT) (Sigma). For the visualization of whole cells, cells were
treated with Celltracker Blue (Invitrogen) for 30 min and then fixed. Fluores-
cence was observed and analyzed using a confocal laser scanning microscope and
image: software (either FV500' from Olympus or 1L.SMS10 from Carl' Zeiss).
Precise: measurements: of ‘cell size, nuclear size, and the nucleus-tocytoplasm
(N/C) ratio were performed using Image J (16).

RT-PCR analysis, Total RNA was extracted from cells by use of an RNeasy kit
(Qiagen) and reverse transcribed using a first-strand cDNA synthesis kit (GE
Healthcare Bio-Science Corp). RT-PCR was performed with a HotstarTaq mas-
ter mix kit (Qiagen). As an internal control, human GAPDH ¢DNA was also
amplified. The sequences of gene-specific primers for RT-PCR were as follows:
for EWS/FLIL (forward), 5'-ATGGCGTCCACGGATTACAGTACCT-3"; for
EWS/FLIL: (reverse), 5-GGGTCTTCTTTGACACTCAATCG-3'; for EWS/
ERG . (forward), 5'-ATGGCGTCCACGGATTACAGTACCT-3'; for EWS/
ERG (reverse), ¥-TTAGTAGTAAGTGCCCAGATGAGAA-3"; for GAPDH
(forward), 5'-CCACCCATGGCAAATTCCATGGCA-3'; and for GAPDH (re-
verse), 5'-TCTAGACGGCAGGTCAGGT/CCACC-3'. PCR products were
electrophoresed with a 19 agarose gel and stained with ethidium bromide.
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FIG. 1. The effect of EWS/ETS on the morphology of UET-13 cells. (A) The establishment of a tetracycline-inducible EWS/ETS expression
system in UET-13 cells. CMV, cytomegalovirus. (B) Analyses for confirming the inducible expression of EWS/ETS genes. EWS/ETS mRNAs were
detected in UET-13 transfectants UET-13TR-EWS/FLI1 and UET-13TR-EWS/ERG by RT-PCR. These cells were treated with or without 3
prg/ml of tetracycline (Tet) for the indicated periods. As an internal control, a human GAPDH gene was used. (C) Analyses for confirming the
inducible expression of EWS/ETS proteins. The cells were treated as described for panel B and subjected to Western blotting for the detection
of EWS/ETS proteins. The extracts of RD-ES and W-ES cells were also examined as positive controls. Membranes were reprobed with anti-actin
antibody as a loading control. (D) Morphological change after tetracycline treatment of UET-13 transfectants. UET-13 cells and the transfectants
were cultured in the absence or presence of tetracycline for 72 h and observed by light microscopy. Magnification, X40 (top); X200 (bottom). Cells
were also examined using hematoxylin-eosin (HE) (top) and May-Giemsa (bottom) staining (magnification, X 200).

Real-time RT-PCR. Real-time RT-PCR was performed using TagMan univer-
sal PCR master mix and TagMan gene expression assays and an inventoried
assay on an ABI Prism 7900HT sequence detection system (Applied Biosystems)
according to the manufacturer’s instructions. The human GAPDH gene was used
as an internal control for normalization.

DNA microarray analysis. Total RNA isolated from cells was reverse tran-
scribed and labeled using one-cycle target labeling and control reagents as
instructed by the manufacturer (Afiymetrix). The labeled probes were hybridized
to the human genome U133 Plus 2.0 array (Aflymetrix). The arrays were per-
formed in a single experiment and analyzed using GeneChip operating software,
version 1.2 (Aflymetrix). Background subtraction, normalization, and principal
component analysis (PCA) were performed by GeneSpring GX 7.3 software
(Agilent Technologies). Signal intensities were prenormalized based on the me-
dian of all measurements on that chip. To account for the difference in detection
efliciencies between the spots, prenormalized signal intensities on each gene
were normalized to the median of prenormalized measurements for that gene.
The data were filtered using the following steps. (i) Genes that were scored as
absent in all samples were eliminated. (ii) Genes for which the signal intensities
were lower than 100 were eliminated. (iii) Performing cluster analysis using

filtering genes, we selected the genes that exhibited increased expression or
decreased expression in tetracycline-treated cells. Accession numbers for the
microarray data are given below.

Invasion assay. The invasion assay was performed using Matrigel (BD Bio-
science) according to the previous description (34) with some modification.
Polycarbonate filter inserts containing 8-pm pores (BD Falcon) were coated with
50 pl of a 6:1 mixture of culture medium and Matrigel and placed into 24-well
culture plates containing DMEM supplemented with 10% T-FBS as chemoat-
tractants. Cells (2.5 » 10*) treated with or without tetracycline for 72 h were
suspended in DMEM containing 0.01% T-FBS and plated on top of each filter
insert. After 20 h in culture in the presence or absence of tetracycline, nonin-
vading cells were removed from upper surface of the filter with a cotton swab.
The invading cells on the lower surface of the filter were fixed with formalin,
stained with hematoxylin-cosin, and counted in five fields per membrane with
light microscopy. As a control, cells were also cultured on uncoated filter inserts.
The invasion efliciency was presented as the ratio of the number of invading cells
on Matrigel-coated inserts to that on uncoated inserts. Experiments were per-
formed in triplicate, and the means with standard deviations of the values are
shown in the graphs in Fig. 8.



