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which is one of the fusion partners of MLL, as a novel
fusion partner of the AMLI gene.

Results

Case report

A 6-year-old boy with a high leukocyte count
(64 700 ul~'"), containing 84% blasts in peripheral blood
and with a mediastinal mass, was diagnosed as having
T-ALL. A bone marrow smear was hypercellular with
69% blasts and negative for myeloperoxidase. The
leukemic cells, after gating of CD45-positive cells, were
positive for CD5 (90.7%), CD7 (90.7%), CD58 (69.9%)
and cytoplasmic CD3 (92.8%), and negative for HLA-
DR, IgG, IgM, Igk, Igh, CD8, CDI3, CD14, CDI9,
CD20 and CD33. He was treated on the Tokyo
Children’s Cancer Study Group (TCCSG) L04-16
extremely high-risk (HEX) protocol, including stem cell
transplantation, because the response to initial 7-day
prednisolone (60 mgm~*) monotherapy was poor. He
achieved complete remission after the induction phase.
After the early consolidation phase and two courses of
the consolidation phase, he received allogeneic bone
marrow transplantation from an unrelated HLA-
matched donor 4 months after diagnosis. He has been
in complete remission for 17 months.

The patent’'s leukemic cells at diagnosis were
analysed after written informed consent was obtained
from his parents, and the ethics committee of Kyoto
Prefectural University of Medicine approved this study.

Identification of the AMLI-LAF4 fusion transcript

Cytogenetic analysis of the leukemic cells of the patient
using routine G-banding revealed 47, XY, add(1)p36),
+ der(2)u(2:21)(q13;922), (2;21)q13:922), -9, —9, + marl,
+mar2, and spectral karyotyping (SKY) analysis revealed
47, XY, der(1)t(1;17)(p36.1;g23), der(2)t(2;21)(ql1.2;g22),

+ der(2)1(2;21)q11.2;q22), del(5)(pl5.1), del(9)(q22), del(9)
(p13), der(21)t(2;21)(q11.2:922) (Supplementary Figure SI).
Since AMLI is located at 21922, we inferred that AML/]
was rearranged in this case. Fluorescence in situ hybridiza-
tion analysis using AML]-specific BAC (bacterial artificial
chromosome) clones showed split signals of
AMLI on two der(2)t(2:21)(q11.2;q22) and der(21)t(2:21)
(q11.2;g22) chromosomes (Figure 1a).

To isolate fusion transcripts of AML/, we performed the
bubble PCR method for cDNA (Figure 2) and obtained
various-sized products (Figure 3a). Four different-sized
products were sequenced and two products contained
AMLI sequences fused to unknown sequences. Basic local
alignment search tool (BLAST) search revealed that the
unknown sequences were part of the LAF4 gene and both
products had the same in-frame junctions (Figure 3b).
LAF4 was located on chromosome 2q11.2-12, which was
compatible with the result of spectral karyotyping analysis.
We next performed reverse transcription-PCR to confirm
AMLI-LAF4 fusion transcripts, and obtained three
different-sized AMLJ-LAF4 fusion products, including
only one in-frame product (Figures 3c and d); however,
reciprocal LAF4-AMLI fusion transcripts were not
generated (Figure 3c). Type 2 transcript is an out-of-frame
fusion and generated premature termination in exon 9 of
LAF4 (Figure 3d). On the other hand, type 3 transcript is
an in-frame fusion of exon 7 of AML] and exon 8 of
LAF4, the same as the type | transcript; however, the type
3 transcript contained an 85-bp intronic sequence between
exons 9 and 10 of LAF4, which might be due to splicing
error, and appeared as a premature termination codon
within the intronic sequences (Figure 3d). AMLI-LAF4
fusions were also confirmed by fluorescence m situ
hybridization analysis (Figure 1b).

Detection of AMLI1-LAF4 genomic junctions
Southern blot analysis using a cDNA probe within exon
7 of AMLI detected a rearranged band derived from an

Figure 1

Fluorescence in situ hybridization analysis of the leukemic metaphase, (8) Both RP11-272A3 (green, 3' side of AML/) and

RP11-994N6 (red, 5' side of AMLI) were hybridized 10 normal chromosome 21 (arrowhead), RP11-272A1 to der(21)t{2:21){g! 1.2:922)
(arrow, green signal) and RP11-994N6 to two der(2)1(2:21)(ql1.2;922) chromosomes (arrows, red signal). (b) Two fusion signals of
RP11-994N6 (5' of AMLI, red signals) and RP11-527J8 (3’ of LAF4, green signals) were detected on two der{2)t{2;21)(q11.2,q22)

chromosomes (arrows).
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Figure 2 Outline of bubble PCR for ¢cDNA. Bubble PCR primers (NVAMP-1 and NVAMP-2) can only anneal with one
complementary sequence for bubble oligo synthesized with AML] primer, but nol bubble oligo itsell; therefore, this single-stranded
bubble provides the specificity of the reaction.
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Figure 3 ldentification of AML/-LAF4 fusion transcript. (a) Bubble PCR products by nested PCR using AMLI-55 and NVAMP]
for first PCR, and AMLI-E6S and NVAMP2 for second PCR (lane 1). M, size marker. (b) Sequence analyss of AMLI-LAF4 lusion
transcript. The single letter amino-acid sequences surrounding the fusion point are shown at the bottom of the figure. (c) Detection of
AMLI-LAF4 fusion transcripts by reverse transcription-PCR. Primers were AMLI-PR7 and LAF4-11AS (lanes | and 3), AMLI-PRS
and LAF4-PRS (lanes 2 and 4), and B-actin, respectively. Lanes |, 3 and 5, patient’s leukemic cells: lanes 2, 4 and 6, normal peripheral
lymphocytes. (d) Three fusion transcripts of AMLJ-LAF4 are schematically depicted. Gray/dotted boxes denote predicted AMLJ
exons and white boxes represent predicted LAF4 exons, Type 3 contains the LAF4 intron 9 splicing donor site. AMLI-PR7 and LAF&-
11AS indicate the primers used for reverse transcription-PCR. Asterisk shows the termination codon.

approximately 11 kb Bg/ll germline fragment on chro-  products wusing primers AMLI-GNM8-28 and
mosome 21 (data not shown). To isolate the fusion point NVAMP2 (Figure 4a). Sequence analysis of the
of chromosomes 2 and 21, we next performed bubble  subcloned PCR product revealed the genomic junction
PCR on genomic DNA and detected nested PCR  of 5-4MLIJ-LAF4-3' (Figures 4¢ and d), and the result
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Figure 4 Cloning of the genomic junction of AML/ and LAF4. (a) Bubble PCR for penomic DNA. N, normal human lymphocytes;
P, patient's leukemic cells, (b) Detection of the genomic fusion point of AML/-LAF4 by PCR. Primers were AML1-GNMB8-4S and
LAF4-GNM|1-2AS (lanes | and 3), and LAF4-GNM11-285 and AML1-GNMB8-2AS (lanes 2 and 4). Lanes | and 2, patient’s leukemic
cells; lanes 3 and 4, normal peripheral lymphocytes. M, size marker. (¢) Sequences of breakpoints in the patient’s leukemic cells. (d)
Physical map of the breakpoint regions. Open vertical boxes represent defined exons in each gene. Horizontal arrows show the primers
used. Restriction sites are indicated by capital letters: G, Sglll; H, Hindlll. AMLIc] indicates the position of the cDNA probes for
Southern blot analysis. A vertical arrow shows AML/-USP42 breakpoint,
was confirmed by PCR analysis using primers AMLI-  Discussion
GNMS8-4S and LAF4-GNMI1-2AS (Figure 4b);
however, no 5'-LAF4-AMLI-3' product was generated, In this study, we identified that LAF4 was fused to
suggesting interstitial deletion near genomic break AMLI in pediatric T-ALL with t(2;21)(q11;q22). Other
points (Figure 4b). These sequences near the break  regions with chromosomal aberrations in this patient
points did not contain any lymphoid heptamer/nonamer  were not considered to be associated with recurrent
sequences, A/u sequences or consensus topoisomerase [ cytogenetic changes involving T-ALL, except for the
cleavage sites. deletion of the short arm of chromosome 9. Spectral
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karyotyping analysis detected del(9)(pl3), and addi-
tional analysis of genome array (Human Mapping 50K
Hind Array, Affymetrix, Tokyo, Japan) revealed homo-
zygous deletion of 4.5Mb within the 9p2l region,
including the CDKN2A/pl6/pl4 locus (data not shown),
which is frequently deleted in T-ALL (Ohnishi er al.,
1995).

Although the patient showed a complex chromosomal
abnormality, t(2;21)(q11:922) can form regular head-to-
tail fusion transcripts of both AML/] and LAF4, because
the transcription direction of AML] and LAF# is
telomere to centromere. Furthermore, fluorescence
in situ hybridization analysis revealed two der(2)1(2;21)
(q11.2;q22) creating 5'-AML/-LAF4-3', suggesting that
5'“AMLI-LAF4-3' is critical for leukemogenesis.

1.AF4 was previously reported to be a fusion partner of
MLL in pediatric B-precursor ALL with t(2;21)(q11;q23)
(von Bergh et al., 2002; Bruch er a/., 2003; Hiwatari er al.,
2003). LAF# is the first gene fused to both AML/] and
MLL, and both AMLI-LAF4 and MLL-LAF4 contained
the same domains of LAF4 (Figure 5). During the
preparation of this manuscript, we found another
pediatric T-ALL patient with AML/-LAF4 reported in
the Meeting Abstract (Abe er al., Blood (ASH Annual
Meeting Abstracts) 2006; 108: 4276), suggesting that
1(2:21)Xql1;g23) is a recurrent cytogenetic abnormality
and that the AMLI-LAF{ fusion gene is associated with
the T-ALL phenotype. Both putative fusion proteins of
AMLI-LAF4 observed in two patients contained the
Runt domain of AMLYI, and the transactivation domain,
nuclear localization sequence and C-terminal homology
domain of LAF4, although the fused exon of LAF4
differed in the two cases. Several studies have reported
that the fusion partners of MLL fused with different
genes such as MLL-AF]0 and CALM-AFI0, MLL-CBP
and MOZ-CBP or MLL-p300 and MOZ-p300 (1da et al.,

AML1 e
m ]
LAF4 [ - .
NHD .
AMLI-LAF4 [ BN B 1 T
AML1-LAF4
e :-:ﬁ
AMLI-LAFS  —pupmy ]
{type 3)
MLL-LAF4 1] I 1
AT MT AD NLS CHD

§ Schematic represeniation of putative AMLI, LAF4 and
AMLI-LAF4 fusion proteins. Putative MLL-LAF4 fusion protsin is
also indicated for comparison. Arrows, break points or fusion points;
AD, transactivation domain; AT, AT hooks; CHD, C-terminal
homology domain; DNA, methyltransf homology region; RD,
RUNT domain; MT, DNA methyltansferase homology region;
NLS, nuclear localization sequence.
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1997: Taki er al, 1997, Chaffanet er al., 2000).
Comparison of the structure and function between
AMLI-LAF4 and MLL-LAF4{ will facilitate our under-
standing of the molecular mechanisms underlying
AMLI- and MLL-related leukemia.

The only AML] fusion partners in T-ALL are LAF4
and FGA7. It is not known how FGA7 is associated with
T-ALL leukemogenesis, because FGA7 does not show any
significant sequence homology to any known protein
motifs and/or domains (Mikhail er al., 2004). Both patienis
with AMLI-LAF4 and MLL-LAF4 fusions were diag-
nosed as having ALL, but they have different lymphoid
lineages. MLL-LAF4 is associated with B-lineage ALL;
however, AMLI-LAF4 generates T-ALL. Our previous
study showed that LAF4 was expressed not only in B-
lineage ALL but also in T-lineage ALL cell lines (Hiwatari
et al., 2003). LAF4 showed strong sequence similarity to
AF4 (Ma and Staudt, 1996), which has a role in the
differentiation of both B and T cells in mice (Isnard er al.,
2000). Furthermore, it was reported that AML/ also plays
an important role in T- and B-cell differentiation, because
AMLI-deficient bone marrow increased defective T- and
B-lymphocyte development (Ichikawa er al., 2004). These
findings support that both AMLJ] and LAF4 are
associated with T-ALL, respectively. Further functional
analysis of the AMLI-LAF4 fusion gene will provide new
insights into the leukemogenesis of A ML/-related T-ALL.
Recently, it has been reported that C-terminal truncated
AMLI-related fusion proteins play critical roles in
leukemogenesis (Yan er al,, 2004, Agerstam et al., 2007),
suggesting that the two additional types of fusion
transcripts observed in our patient (types 2 and 3 in
Figures 3d and 5) have an additional function in
leukemogenesis other than that of the entire AMLI-
LAF4 fusion protein.

In this study, we first applied the panhandie PCR
method, which is usually used for cloning the fusion
partners of MLL or NUP98 (Megonigal er al., 2000;
Taketani et al., 2002); however, no fusion transcripts
could be obtained. Therefore, we searched for another
method to clone the fusion transcripts and adapted the
bubble PCR method for cDNA cloning. To date, bubble
PCR has been performed for cloning unknown genomic
fusion points but not fusion cDNAs (Zhang et al., 1995).
Using double-stranded c¢cDNA, we could apply the
bubble PCR method for cloning fusion cDNA with
fewer nonspecific products. The bubble PCR primer can
only prime DNA synthesis after a first-strand cDNA has
been generated by an AMLJ-specific primer because of
the bubble-tag with an internal non-complementary
region (Zhang et al., 1995). Although bubble PCR for
genomic DNA generated one or two amplification
products (Smith, 1992), bubble PCR for cDNA gener-
ated a complex set of amplification products that
appeared as a smear by SYBR green staining, suggesting
that a random hexamer generated various double-
stranded ¢cDNA containing the AMLI] sequence, This
means that various fusion points can be estimated, even
if after bubble oligo ligation was generated. Further-
more, bubble PCR for cDNA could amplify in both 5'-3'
and 3'-5' directions of the gene or transcript, and easily
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Table 1

Characteristics

Companson between bubble PCR and panhandle PCR

Bubble PCR Panhandle
PCR

Available orientation of fusion -3, ¥-§ Only 5%
transeript

AMLI-specific random hexamer Not necessary Necessary
Self-annealing Not necessary Necessary
MNumber of required polymerase 2 4
reaction

Number of final products Many (smear) A few
Nonspecific produet Few Few
Number of extra sequences other 5060 bp =100 bp
than targeted sequences in cloned

product

Search for other targeted exons Easy Hard*

A "

“30-mers  AML/-specifi lig ide  with
(AMLI-N). *Necessary lo use another AML/-specific random
hexamer if the target exons are §' region of the imitial target.

handle any exons fused to unknown partners for
amplification. Once-ligated ¢cDNAs are also available
for cloning any genes, other than 4ML/, as the target.
We demonstrated the efficiency and specificity of bubble
PCR for cDNA (Table 1 and Supplementary Figure S2).

To date, a great number of fusion genes associated
with chromosomal translocations have been cloned,
although these fusion genes are found as a minor part
of various malignancies. Recently, high frequencies of
mutations in NOTCHI in T-ALL (James er al., 2005),
NPM in AML with normal karyotype (Weng er al,
2004) and JAK2 in myeloproliferative disorders (poly-
cythemia vera, essential thrombocythemia and idiopathic
myelofibrosis) (James et al., 2005) have been reported,
and these mutations are considered to be a good target
for therapy. These genes were first identified as
associated with chromosomal translocations in a small
subset of specific phenotypes of hematologic malignan-
cies (Ellisen er al., 1991; Morris er al., 1994; Lacronique
et al, 1997). These findings suggest that continuing
attempts to identify genes associated with chromosomal
translocations can be expected to provide further insights
into the significance of various gene alterations in cancer
and the development of novel-targeted therapies (Taki
and Taniwaki, 2006). The bubble PCR method for
c¢cDNA will contribute to identifying numerous novel
translocation partners more easily and further functional
analysis of chimeric Lranscripts.

Materials and methods

Spectral karyotyping analysis
Spectral karyotyping analysis was performed with a Sky-
Painting kit (Applied Spectral Imaging, Migdal Ha'Emek,
Israel). Signal detection was performed according to the
manufacturer’s instructions,

Fluorescence in situ hybridization analysis

Fluorescence in situ hybridization analysis of the patient’s
leukemic cells using AML/-specific BAC clones (RP11-272A3,
3 of AML/! and RP11-994N6, 5' of AML/) was carried out as

Oncogene

described previously (Taniwaki er al., 1994), Fusion of AML/
and LAF4 was analysed with the patient’s leukemic cells using
RP11-994N6 (5" of AMLI) and RP11-527)8 (3' of LAF4).

Bubble PCR for cDNA

We modified the original bubble PCR method to apply for
cDNA cloning (Figure 2; Supplementary Figure S2) (Smith,
1992; Zhang ef al., 1995).

Poly(A)* RNA was extracted from the patient’s leukemic
cells using a QuickPrep Micro mRNA Purification Kit (GE
Healthcare, Buckinghamshire, UK). Two hundred nanograms
of poly(A)* RNA was reverse transcribed to cDNA in a total
volume of 33 ul with random hexanucleotide using the Ready-
To-Go You-Prime First-Strand Beads (GE Healthcare).
Double-stranded c¢cDNAs were synthesized from 10ul of
single-stranded ¢cDNA with a phosphorylated random hex-
anucleotide, blunt ended with T4 DNA polymerase, digested
with Rsal endonuclease and ligated with bubble oligo. Rsal, a
4-bp blunt-ended cutter, was chosen to shorten the bubble
oligo-ligated fragments, so that almost all bubble oligo-ligated
fragments would be easy to clone by standard PCR reaction.
This suggests that poor-quality samples are also suited to this
method, although it is unsuitable for cloning long products.

The sequences of the primers used are listed in Supplemen-
tary Table S1 and their positions in the AMLI gene are shown
in Supplementary Figure S2. Nested PCR was performed using
primers NVAMP-1 (bubble oligo) and AMLI-5S (exon 3) for
first round PCR, and NVAMP-2 (bubble oligo) and AMLI-
EG6S (exon 6) for nested PCR. NVAMP] and NVAMP2 can
only anneal to the newly synthesized unique sequence of the
bubble oligo by AMLI-SS.

We used poly(A)* RNA in bubble PCR for cDNA with the
expectation that this approach could amplify fewer transcripts;
however, total RNA is also suitable for this method.

Bubble PCR for genomic DNA

Bubble PCR for genomic DNA was performed as described
previously (Smith, 1992; Zhang er al., 1995). Primers were as
follows: NVAMP-! and AML1-GNMSS for first round PCR,
and NVAMP-2 and AML1-GNMS8-2S for second round PCR
(Supplementary Table S1),

Reverse transcription-PCR and genomic PCR analyses
Reverse transcription—PCR and genomic PCR analyses were
performed as described previously, After 35 rounds of PCR
(30s a1 94°C, 30s at 55°C, 1 min at 72°C), 5ul of PCR product
were clectrophoresed in a 3% agarose gel. Primers were
as follows: AMLI-PR7 and LAF4-11AS, and AMLI-PRS
and LAF4-PRS [or reverse transcription-PCR; and AMLI-
GNMS8-4S and LAF4-GNMI1-2AS, and LAF4-GNMI1-28
and AMLI-GNMB-2A5 for genomic PCR  (Supple-
mentary Table S1).

Nucleotide sequencing

Nucleotide sequences of PCR products and, if necessary,
subcloned PCR products were analysed as described pre-
viously (Hiwatari er af., 2003).

Southern blot analysis

High-molecular-weight DNA was extracted from the patient’s
leukemic cells by proteinase K digestion and phenol/chloroform
extraction, DNA (10 pg) was digested with Bglll, subjected to
electrophoresis on 0.7% agarose gel and transferred to a nylon
membrane. Blots were hybridized to probes that were labeled by
the Dig-labeled PCR method according to the manufacturer’s
instructions (Roche Applied Science, Tokyo, Japan). Probes




were !12bp AML/ cDNA fragments (AMLIcl, nucleotides
1233-1344; GenBank accession no. NM_001754),

Abbreviations

AML, acute myeloid leukemia; ALL, acute lymphoblastic
leukemia.
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Down-regulation of TCF8 is involved in the leukemogenesis of adult T-cell
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Adult T-cell leukemia/lymphoma (ATLL) is
caused by latent human T-lymphotropic
virus-1 (HTLV-1) infection. To clarity the
molecular mechanism underlying leuke-
mogenesis after viral infection, we pre-
cisely mapped 605 chromosomal break-
points in 61 ATLL cases by spectral
karyotyping and identified frequent chro-
mosomal breakpoints in 10p11, 14q11,
and 14q32. Single nucleotide polymor-
phism (SNP) array—comparative genomic

hybridization (CGH), genetic, and expres-
sion analyses of the genes mapped within
a common breakpoint cluster region in
10p11.2 revealed that in ATLL cells, tran-
scription factor 8 (TCF8) was frequently
disrupted by several mechanisms, includ-
ing mainly epigenetic dysregulation. TCF8
mutant mice frequently developed inva-
sive CD4' T-cell lymphomas in the thy-
mus or in ascitic fluid in vivo. Down-
regulation of TCF8 expression in ATLL

cells in vitro was associated with resis-
tance to transforming growth factor p1
(TGF-pB1), a well-known characteristic of
ATLL cells, suggesting that escape from
TGF-g1-mediated growth inhibition is im-
portant in the pathogenesis of ATLL.
These findings indicate that TCF8 has a
tumor suppressor role in ATLL. (Blood.
2008;112:383-393)

Introduction

Adult T-cell leukemia/lymphoma (ATLL) is a peripheral CD4*
T-cell malignancy caused by infection with human T-lymphotropic
virus-1 (HTLV-1).! HTLV-1 infection is endemic in a number of
well-defined geographic regions within Japan. and as many as
20 million individuals worldwide are estimated to harbor it.? ATLL
occurs after a prolonged latency period of up to 50 years in
approximately 5% of individuals who have been infecied with
HTLV-1 around the time of birth, HTLV-1 encodes a transactivator,
Tax, which plays a key role in the polyclonal growth of infected
T cells through the activation of various genes.' However, recent
studies have shown that Tax expression is undetectable in circulat-
ing ATLL cells, while a genetically and epigenetically defective
provirus was observed in more than half of the ATLL patients
examined.** Considering the long latency period of ATLL, it has
been proposed that at least 5 additional gcncnr. or cplgenenc events
are required for the development of ovent d

Nonrandom chromosomal translocations are considered (o
cause leukemic transformation, including structural and/or quanti-
tative abnormalities of transcription factors such as AMLI, EVII,
and MLL." To identify disease-specific chromosomal translocations
in ATLL. karyotypes of 107 ATLL cases determined by the
G-banding method were reviewed in Japan®* There was a high
degree of diversity and complexity, and disease-specific transloca-
tions were not found; however, translocations involving 1432

(28%) or 14q11 (14%) and the deletion of 6g (23%) were the most
frequent chromosomal abnormalities® Recently, chromosome-
based comparative genomic hybridization (CGH)” and BAC array-
based CGH showed complex chromosomal abnormalities with
gains in lq, 2p. 4q. 7p, and 7q, and losses in 10p, 13q. 164, and
18p.'"" To date. however. no gene involved in the development of
ATLL has been isolated. Array CGH is useful for detecting
genomic deletions or amplifications, but it cannot detect chromo-
somal translocations or inversions.

In this study, we searched for the existence of recurrent
chromosomal rearrangements by multicolor spectral karyotyping
(SKY) and high-resolution single nucleotide polymorphism (SNP)
array-CGH (SNP array-CGH). We precisely mapped 605 chromo-
somal breakpoints in 61 ATLL cases. Breakpoints occurred most
frequently in 10pl1 and were mapped within a 1-Mb region in
10pi1.2 with heterozygous deletions in all cases. A minimal
common region of chromosome deletions, including a region of
homozygous deletion, was mapped to a 2-Mb region. Genetic and
expression analyses of the genes mapped within the deleted region
revealed transcription factor 8 (TCF8) 1o be frequently altered in
ATLL cells by several mechanisms, including mainly epigenetic
dysregulation, suggesting that TCF8 may be a candidate tumor
suppressor gene. TCF8 (GenBank accession number, NM 0307511,
AREB6, ZFHEF. NIL-2A, ZFHXIA. NIL-2-A, MGC133261, or
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ZEBI encodes a 2-handed zinc finger homeodomain protein,'?
which represents a key player in pathogenesis associated with
tumor progression in solid cancers.'* ' In this study, we found that
TCF&8 mutant mice frequently developed CD4* T-cell lymphoma/
leukemia half a year after binth. Furthermore, we showed that
down-regulation of TCF8 expression in ATLL cells in vitro was
associated with TGF-B1 resistance, a well-known charactenstic of
ATLL cells, suggesting that escape from TGF-B1-mediated growth
inhibition is one of the pnmary mechanisms in the pathogenesis of
ATLL. These findings suggest that TCF8 has an important tumor
suppressor role in ATLL.

Methods

Patient samples

ATLL cells were collected from patients ar the ime of admission to hospital
and before ch herapy.'* Diagnosis of ATLL was made on the basis of
clinical features. hematologic charactenstics, serum antibodics against
HTLV-1 antigens. and insertion of the HTLV-1 viral genome into leukemia
cells by Southern blot hybndization. Using Shimoyama's criteria.'® all
patients were diagnosed as acute-type ATLL. Mononuclear cells were
obtained from hepannized blood or ascites by Histopaque density gradient
centrifugation (Sigma-Aldrich, 5t Louis, MO). After separation, ATLL cell
ennchment of more than 90% was confirmed by 2-color flow cytometnc
analysis. All les were i by H ague density gradient
centrifugation, qul:klv frozen wuhm 3 hours, and u'yapcescrvcd at —80°C.
This swdy was approved by the Instituional Review Board of the
Faculty of Medicine, University of Miyazaki. Informed consent was
obtaned from all blood and ussue donors in accordance with the
Declaration of Helsinki.

Cell lines

Acute lymphoblastic leukemia (ALL) cell lines used in this study were
described previously. 'S Briefly, 4 of the cell lines, Jurkat, MOLT4, MKB1,
and KAWAIL are HTLV-l-negative human T-cell acute lymphoblastic
leukemia (T-ALL) cell lines.'"'* Three cell lines, KOB, $O4, and KK, are
interleukin 2 (IL2)}-dependent ATLL cell lines.'" ED, Su9T, and S1T are
IL.2-independent ATLL cell lines.®" MT2 and HUT102 are human T-cell
lines transformed by HTLV-1 infection® CTLL2 is a murine [L2-
dependent T-lymphoma cell line.? All the cell lines were maintained in
RPM11640 medium supplemented with 10% fetal calfl serum (FCS) and
with or without 1L2.

Cell culture and karyotype analysis

G-banding studies were performed as descnibed previously.® Bnefly,
leukemia cells were diluted in 10 mL RPM11640 medium supplemented
with 10% FCS at a final concentration of 10° cells/mL. The cells were
cultured at 37°C for 24 1o 48 hours in hurmidified air with 5% CO,. exposed
to colcemud (0.05 mg/mL) for 60 minutes, processed in 0.075 M potassium
chloride for 20 minutes, and fixed with methanol/glacial acetate (3:1). The
chromosomes were treated with trypsin, stained with a Giemsa solution,
and karyotyped according to the International System for Human Cytoge-
netic Nomenclature (ISCN 2005).™ The remaining chromosome pellets
were stored a1 —=20°C for SKY and fluorescence in situ hybndizaton
(FISH) analyses.

SKY and DAPI banding analysis

The strategy of combined spectral karyotyping (SKY ) and 4.6-dianunido-2-
phenyhndole dihydrochloride (DAPI) banding analysis of chromosome

was published™ and is brefly described as follows: The
chromosomes prepared on a slide glass were denatured and hybndized with
a cocktail probe mixture for 2 days at 37°C. The SKY probe mixture and
hybndization reagems were purchased from Applied Spectral Imaging

abnor
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(Vista, CA), and signal detection was performed according to the manufac-
turer’s protocol. The chromosomes were counterstained with DAPI com-
bined with an antifade solution (Ve hield: Vector Lab ies, Burhn-
game, CA). Images were acquired by an SD200 Spectracube (Applied
Spectral Imaging) mounted on an Olympus BX50-RF (Olympus. Tokyo,
Japan) using a custom-designed optical filter (SKY-1; Chroma Technology,
San Diego, CA). With another special optical filter. the inverted DAP]
images were captured in conjunction with spectral classifications as QFH
band patterns for the identificaion of chromosomal breakpoints. For each
case, 10 to 20 metaphase spreads were analyzed, and karyotypes were
described according to the ISCN 2005

FISH analysis

The plasmid library from sorted human chromosomes 10 (pBS10) was used
as a whole chromosome painting (WCP) probe, labeled with dign:igl:mn
16-dUTP (Bochnnger-Ingelh Ingelheim, G y) by dard nick
wranslation  BAC clones were Inh:lcd with biotin-16-dUTP (Sigma-
Aldrich). Hybridization and signal detection were performed as described
previously.”* A minimum of 50 nuclei was examined for each FISH. FISH
analysis was performed on metaphase and interphase chromosomes by 53
BAC clones mapped to the chromosome bands 10p11-12 in the human
genome mapping of NCBI (build 36 version 17 as probes,

High-density SNP array comparative genomic hybridization
(array-CGH) analysis

Total genomic DNA was digested with Xbal, ligated 10 an adaptor, and
subjected to polymerase chain (PCR) amplification using a single
primer. After treatment with DNase 1. 40 pg of the PCR products was
labeled with a biotinylated nucleotide analog and hybridized the microar-
ray. SNP genotypes were scored with the GTYPE 4.1 software (Affymetnx,
Santa Clara, CA). Ch copy ber and LOH were calculated
with 2 programs, ACUE 2.1 (Mitsui Knowledge Industry. Tokyo. Japan,
http:/fbio mki.co jp/en/product/acuefindex.html) and CNAG 2.0 (Af-
fymetrix).”” For data normalization, we used 6 normal reference samples.
Genomic location of probes on the aray was determined with the
information in NCBI genome map build 35.1 ¢

C57BLS6 and ICR mice were purchased from CLEA Japan (Tokyo, Japan)
and maintained under specific pathogen-free conditions. The targeted allele
of the BEF! gene, the murine orthologue of TCF&. lacks only the
COOH-proximal zinc finger cluster domain.** Approximately 20% of the
homozygous TCF8 mutant mice were bom alive and grew up 1o adulthood,
although it was reponed 1o cause a defect in the thymic T-cell develop-
ment **¥ To produce viable homozygous TCF8 mutant mice, we made
their genetic backgrounds more heterogeneous by crossing the C5TBL/G
background TCF8 mutamt mice with the ICR outbred strain or Fl
(C5TBL/6 % CIH) mice.

Assay for cell proliferation

Control siRNA was purchased from Qiagen (Valencia, CA; AllStars
Negative Control [ANC] siRNA) and the TCF8 siRNA was from Ambion
(Austin, TX; murine TCF8; §'-CCUGUGGAUUAUGAGUUCA-3', hu-
man TCF& 5'-GGGUUACUUGUACACAGCU-3'). For the construction
of vectors expressing TCF8, human TCF8 cDNA was subcloned into
pCMV 26 (Sigma- Aldrich). The cells were transiently transfected using the
Nucleofector Kit { Amaxa, Gaithersburg, MD) according to the manufactur-
dations. The fection efficiency. evaluated by fAuores-
cence microscopy of green fluorescent protein, was more than B0%.
Twenty-four hours afier transfection, the expression of TCFR protein in the
cells was investigated by Western blotting, while for the cell proliferation
studies, each transfectant was plated at a density of 4 % 10 cells per well in
96-well microuter plates. The cells were treated with various concentrations
of transforming growth factor (TGF-f1: R&D Systems, Minneapolis, MN)
for 72 hours and counted by the methyl thiazoly! tetrazolium (MTT) assay

er's rece
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Figure 1. Mapping of the delstions st 10p11.2
(A) Mapping of the chwomosomal breakpomis in wholks
chromosaomes in acute-type ATLLS. An analysas of the
chromosomal Dreakpoants was pardormed by spectral
karyotyping (SKY), and all chromosomal breakponts
were mapped in each region of the chromosomes
(n-axis), &8 indicated at the bottom. The y-axis shows
the numbers of ATLL cases with the chromosomal

%s in each ch mal region. Thres re
plons, 10p11. 14g11, and 14032, were fraguently iden-
tifing with chromosomal breakpomts. (B) Physical and
transcnptional maps of the region containng the chro-
mosomal delehion af 10p11. A FISH analyss was
performed on mataphase and imMerphass chromo-
sormas ysing 53 BAC clones mapped 10 the chvomo-
soma bands at 10p11-12 in the human ganoma map of
NCBI (build 36 version 1) as probes. The bars
ndicate the region covenng sach BAC clone. Honzon-
tal bavs INdicate the rBgION With NEMIZYJOUS dsletions
in sach DNA sample from the ATLL ot linas or ATLL 0
caills from patients, which were delected by SKY and

8

&

-
3

Number of ATLL cases
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10911 14411

1432

FISH or array-CGH analyses. The inverted triangles
indicale the regions of chromosomal breakpoints
Closad bars ndicate tha region of a homazygous
delation n a DNA sample from ATLL cells (ATLOSO),
The hatch pattem represents the minimal heterozy- |
pous deleton at 10p11.2. TCFE through NRP! reprs-

| |

1

sent the names of the gones within the region in the Gene map %;"""’-"":

human genome map of NCBI (build 36 version 17%) MO

(C) FISH validation of the RP11-188L14 probe to detect BAC o

the ZYQo of the 10p11.2 in clones

S04 cell ine, The AP11-188L14 probe was green

{FITC) and the wholé chromosoma painting proba was SKY and FISH

rad (TRITC). FISH with AP11-188L14 shows no signal

an tha abnormal chromosoma 10 as indicated by the g :

arrow (i), and a DAP! photograph commesponding 10 the 504 |

FISH picture is shown on tha right side (ii). Images ware bt

captured through the ofl objective lens (100x] with & A CGH

CCO camara (SenSys 0400-Gi; Photometrics Lid, Tuc- ok 5

son, AZ). Subseq mage g was per- :: E __II

formed with the Sohtware IPLab version 240 (BD 804 L | VRANASARARRSAN

Biogciences Bioimaging, Rockville, MD). ATLOSS I 5 E |
ATLoSz L ]
"mr  ODOO0OODO0OO00 | —
ATLOTY

Common deletion region

using Tetra color onc assay kit (Seikagaku Kogyo, Tokyo, Japan) Each
experiment was performed 3 times, and typical results are shown

Results

Identification of a common hemizygous deletion in 10p11 in
ATLL by mapping chromosomal breakpoints

We recently studied recurrent chromosomal rearrangements in
adult T-cell leukemia lymphoma (ATLL) cells from 61 patients by
spectral karyotyping (T.H. et al, manuscript in preparation). In
examining the molecular changes in ATLL cells, 605 chromosoml
breakpoints in 6] cases were identified and precisely mapped by
DAPI banding analysis. The frequency of the breakpoints was
counted in each region of the chromosomes, with an average of

around 10 translocations in each case (Figure |A). Most of the
chromosomal translocations were unbalanced, and a few recurrent
reciprocal translocations were found. Chromosomal breakages
were most frequently identified at 10pi1 (21 [34.6%] of 61 cases),
and they were also frequently represented at 14g1] and 14432
regions (Figure 1A). Based on the data of SKY, these 3 evenis
oceurred almost independently, however, almost 50% of the cases
with 1432 abnormality demonstrated a 10p11.2 abnormality.
suggesting that both events are interrelated chromosomal abnormali-
ties. The 10p11 regions were translocated to more than 10 different
parner chromosomal regions. such as 21q22, 13q14, and 14q32.
Therefore, we precisely mapped the chromosomal breakpoints
at 10p11 in 3 ATLL cell lines (KK1, KOB, and SO4) and 2 primary
ATLL cases (ATLO18 and ATLO90) by FISH. We identified
der(100(10,22)(p11.2:q13.1) in KK1. der{100(10.14)(pl 1.2:q11.2)
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A Figure 2. Down-regulated expression of TCF8 in
ATLL cells. (A) The expression profiles of the genes
CD4+ Thm ATLL mappéad within the deletion region at 10p11. Semiquan-
1 2 3 4 182 ©044° 181 180 178 018 009 006 inative reverse-ranscnption FCH (RT-PCR) was per-
formed to determine the sxpression of the genes
HTLV-1 Tax _— mapped within the daletion ragion. TCF8, ARHGAP12,
TCF8 — — S | m— — W— e e — KIF58, CCDC7, EPC1, C10or68, ITGB1, and NRAF1
p— e Al | e — — — showed a singie band of amplifisd cONA from CD4-
ARHOGAPIZ — | — — — T lymphocytes from healthy voluriesrs as controls and
KIFsB — — - — from ATLL celis from the patiens. Aband of HTLV1 Tax
L — — — = was amplifiad from only 1 of 8 ATLL cefis. A vertical line
CCDC7 - - has been insered 1o indicate a repositionsd ge! lane
EPC1 — e - | — o —— e — (B) Cuantitative RT-PCR analysis of TCF8 mANA in
= . 4 samples of CD4* T lymphocytes from healthy volun-
C10orf68 —— | . ., e teers and B samples of ATLL celis from the patients.
ITGB1 e — T alin S o The daia welergz'ranahmd to ﬂvacﬁcr::‘rr:HNAand cah-'
brated 1o the fB-actin ratio (ACT) in the case of
NRP1 - | B IR healthy voluntesr no 1, as a relative expression rate
B-actin ——— S — S S T S — N — of 100. The data are the mean and standard deviation
of 2-40 in a duplicate assay. Two patients (indicated
B by =) have the chromosome 10p11.2 abnormalties, (C)
Quanttative AT-PCR analysis of TCF8 mANA in vari-
ous types of T lymphoblastic leukemia call lines. MOLTA,
180 MKB1, KAWAI, and Jurkat are T-lymphoid leukemia
call lines; MT2 and HUT102 are HTLV-1-infected cell
g 160 lines; and ED, KOB, KK1, S04, S1T, and SuT are
E ATLL cell lines. Three ATLL cell lines (indicated by =)
140 showed the deletion of chromosome 10p11.2 with
§ TCF8
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in KOB, der(10)(2,10)(p23;p11.2) in SO4, 1(10;21)(p11.2:q11.2)
in ATLOIS, and 1(10;13)(p11.2:q14) in ATLO90 (Table S1, avail-
able on the Blood website; see the Supplemental Materials link at
the top of the online anticle). Using 53 BAC clones on 10p as DNA
probes for FISH (Table §2), the chromosomal breakpoints in these
5 cases were mapped to a |-Mb region at 10p11.2 (Figure IB). It

was noted that the genomic deletions surrounding the chromosomal
breakpoints were detected by a FISH analysis (Figure 1C) and
heterozygous deletions of the 10pl1.2 region with translocations
were found in all 5 samples (Table S2; Figure 1B). Heterozygous
deletions of approximately 2 to 8 Mb in the 10p11.2 region with
translocations were found in all 5 samples. In addition, no FISH
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Table 1. Summary of the genetic and epigenetic abnormalities in ATLL cell lines
Treatment
5-Aza-0C, 5-Aza-dC+TSA,
Cell line Caell type 10p abnormaiities Point mutation fold = 8D TSA,.fold = 5D foid = SD
MOLTS T-ALL None Mone 185 = 048 165 = 021 185 = 022
Juriat T-ALL None None 1117 = 056 10.04 = 1.74" 307 = 0.54°
w12 HTLV-1 (+) None Mo 438 =14 s = 1. 458 - 090
HUT102 HTLV-1 (+) None 285AC 439 = 043" 6.94 = 0.16° 8.03 = 1.08
Asn78The

ATLL More HMone a2 =157 748 = 09" 380 - o

ATLL 10p del None 328 = a2 232 = 0m 2.08 = 0.54
KX ATLL 10p ced Nona 092 - 04" 678 : 07T T2 = 085
S04 ATLL 10p dal Nona 140 = 033 157 = 0.18 0.5 = 0.06
817 ATLL Nons Hone a8 - 021" 898 - 075" 232 -183
SulT ATLL None None 361 = 045" 9.66 = 238" 142 =021

Data are means pius or minus SO
*P < .05 versus conrol (Dunne test)

signals were detected in the 1-Mb region from RP11-135A24 10
RP11-462L8 in ATL090, suggesting that a 10p1] region-specific
homozygous deletion had occurred in this case (Figure 1B).
Therefore, a minimal common region of chromosome deletions,
including a region of homozygous deletion in ATLO90, was
mapped to a 2-Mb region from PR11-523)14 to RP11-342D1]
(Figure 1B).

To confirm these results, we performed SNP array-CGH using
DNA from 8 ATLL-related cell lines including KK1, KOB, S04,
and an additional 10 samples from acute-type ATLL patients.
Deletions in 10p11.2, including the 2-Mb deletion region, were
noted in 3 cell lines: KKI1, KOB, and SO4, and an additional
4 patient samples (Figure 1B; Table $3). Using SNP array-CGH,
the telomeric deleted regions in chromosome 10p11.2 in KOB and
KK covered a wider area than those detected by FISH analysis,
and each deleted region in the 3 cell lines and 4 patients samples
covered the common deletion region. To combine these data, the
same minimal common region of chromosome deletions, including
regions of homozygous deletion in ATL090, was mapped toa 2-Mb
region from PR11-523)14 10 RP11-342D11 (Figure 1B), supgest-
ing that a tumor suppressor gene possibly exists in this 2-Mb
region in 10p11.2.

Down-regulation of TCFEmRANA in ATLL cells

We examined the mRNA expression profiles of all 12 genes within
the commonly deleted region in 10p11.2, which were identified by
NCBI and Celera gene maps (Rockville, MD), Since mRNA
samples from the ATLL patients used for the deletion mapping
were not available, we initially used the mRNA expression profiles
of the other 8 leukemia cell samples from acute-type ATLL patients
by semiquantitative reverse-transcription PCR (RT-PCR), which
had been previously identified by DNA microarray.'* Two leuke-
mia samples from patients with ATLL had chromosome 10p11.2
abnormalities: 1(10;15) (p11.2;926) in ATLO44 and monosomy 10
in ATLOD9 (Table S1). Expression levels of 8 genes (TCFS,
ARHGAPI2, KIFSB, CCDC7, EPCI, ClOorfo8, [TGB1 and NRP] )
and HTLV-1 Tax as well as B-actin are shown in Figure 2A. The
results showed that levels of TCF8 mRNA in ATLL cells had a
tendency to be lower than those in CD4* T lymphocytes from
healthy volunteers, even though only 2 of 8 patients had chromo-
some 10p11.2 abnormalities. Other genes did not show any
differences in expression level between the 2 groups. Expression
profiles of the leukemiz cells using @ DNA microarray gave the same
results (Figure S1), and quantitative real-time RT-PCR also showed that

the expression level of TCF8 mRNA in ATLL cells was significantly
lower than that in CD4* T lymphocyes (Figure 2B).

To confirm these results, 12 T-ALL cell lines containing 6 ATLL
cell lines (ED, KOB. KKI1, SO4, SIT, and Su9T), 2 HTLV-1-
infected T-cell lines (MT2 and HUTI02), and 4 HTLV-1-
uninfected T-ALL cell lines (Jurkat, MOLT4, MKB1, and KAWAI)
were used for an expression study. Three cell lines (KOB, KKI,
and SO4) revealed the deletion of chromosome 10pl1.2 with
TCF8. Although no other genes except TCF8 showed any change
in expression level in these cell lines (Figure 52), the expression
level of TCF8 was specifically down-regulated in all of the ATLL
cell lines along with Jurkat cells by quantitative real-time RT-PCR
(Figure 2C), These data suggest that TCFS& transcription might be
down-regulated by epigenetic inactivation in most ATLL-related
cell lines with Jurkat cells.

Increased expression of TCF8 by 5-aza-2'-deoxycytidine or
trichostatin A in ATLL cell lines

To clarify whether DNA methylation and/or histone deacetylation
of the TCF& gene promoter were involved in the transcriptional
repression of TCF8 in ATLL cell lines with Jurkat cells, 10 cell
lines (2 T-ALL, 2 HTLV- 1-infected, and 6 ATLL-derived cell lines)
were cultured with (1) 10 pM S5-aza-2'-deoxycytidine (5-aza-dC).
a DNA demethylating agent, for 72 hours, (2) 1.2 uM trichostatin
A (TSA). an inhibitor of histone deacetylase, for 48 hours, or
(3) 1.2 uM TSA for 48 hours following culture with 10 pM
S-aza-dC for 24 hours. After treatment with S-aza-dC, TCF8
expression was up-regulated in 8 of 10 cell lines (Jurkat, MT2,
HUT102. ED, KOB, KK1, SIT, and Su9T), with more than 3-fold
activation (P < .05) as detected by real-time RT-PCR (Table 1).
After treatment with TSA for 48 hours, the levels of TCF& mRNA
increased in 7 of 10 cell lines (Jurkat, MT2, HUT102, ED. KKI1.
S1T. and Su9T), also with more than 3-fold activation (P < .05). In
addition, combination therapy induced TCF8 mRNA expression in
5 cell lines by more than 3-fold. Therefore, 7TCF8 mRNA
expression was activated in 7 of 8 ATLL-related cell lines along
with Jurkat cells by either 5-aza-dC or TSA treatment, suggesting
that the down-regulation of TCF8 in most of the ATLL cell lines
except SO4 cells with a chromosome 10p hemizygous deletion was
dependent on epigenetic abnormalities.

Unmethylated putative TCF8 promoter in ATLL cell lines

Next, we determined the methylation status of the TCF8 promoter
by bisulfite sequencing. A CpG island comaining 50 CpGs was
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Figure 3. Genetic and epigenetic abnormalities of
the TCFB8 gene in ATLL cells. (A) Bisulfite penomic
sequencing of the TCF8 promoter region in 3 ATLL cell
lines: ED, KOB. and KK1. PCH products amplified from
bisuifite-treated DNA were subcloned, and B ciones n
sach cell lne were sequenced. _ indicate unmethyl-
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amplified from a 632-bp region of the putative TCF8 promoter
adjacent to exon 1 using 2 pairs of PCR primers and bisulfite-
treated genomic DNA from 3 ATLL cell lines: ED. KOB, and KK 1.
However, the TCF8 promoter was not methylated in any of the
3 ATLL cell lines in which TCF8 expression was induced by
S-aza-dC (Figure 3A), suggesting that the CpG island was not a
direct target for DNA methylation in ATLL cells. Moreover, TCF8
mRNA was up-regulated in various ATLL cell lines after treatment
with hydralazine, which was reported to decrease DN A methyltrans-
ferase expression (Figure S3). This observation suggests that a
transactivating regulator of TCF8 may be modulated by methyl-
ation or the other regulatory elements are located outside the TCF§
promoter. Such enhancer-related methylation events have been
described for the imprinting of #19 and Igf2, p2]1 WAF | regulation

2101A>T

by p73, and Apaf-1.33 Therefore, further analyses will be needed
to determine the exact regulatory element near the TCF8 gene or to
find a transactivating regulator of TCF8, which is directly methyl-
ated in ATLL cells.

Histone deacetylation is directly involved in down-regulation of
TCF8 mRANA expression in ATLL cells

To confirm the correlation between reduced TCFS mRNA expression
and histone deacetylation, TCF8 expression and histone acetylation
status were analyzed in the ATLL-related cell lines (MT2, HUT102, ED,
and KKI1) by chromatin immunoprecipitation (ChIP) after treatment
with or without TSA. Afier treatment with TSA for 48 hours, the
chromosomal DNA precipitated by antiacetylated histone H3 or H4
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antibody was amplified with 2 sets of primers for the TCF8
promoter region or for the human B-actin promoter region (Figure
1B). Band intensities of the TCF8 promoter region in 4 cell lines
were amplified 3- to 6-fold after treatment with TSA, indicating
that histone deacetylation of the TCF8 promoter region was
directly involved in the down-regulation of TCF8 mRNA expres-
sion in ATLL cells.

Identification of missense mutations in TCF8in ATLL cells

We then searched for somatic TCF8 mutations in DNA samples
from 34 patients with acute-type ATLL and 10 T-cell leukemia cell
lines. Genomic PCR did not detect any homozygous deletions in
any of the 9 coding exons of TCF§ in these samples. We detected
S types of nucleotide substitutions. and all were heterozygous
(Figure 3C). The 255A>C substitution in HUTI102, creating a
missense mutation (Asn78Thr) in exon 2, and the 335T>C
substitution in the leukemia cells from 3 ATLL patients, creating a
missense mutation (Cys105Arg) in exon 3, were likely to be
somatic mutations (Table $4), since they were not detected in
noncancerous cells from 95 Japanese volunteers.

The results of genomic and expression analysis indicate that the
TCF8 gene is altered by several mechanisms, including hemizy-
gous deletion, epigenetic dysregulation, and intragenic mutations.
Regarding the ATLL-related cell lines, 3 of 9 showed hemizygous
deletions of 10p11.2; 8 of 9 showed epigenetic dysregulation of the
TCF8 gene: and | of 9 showed an intragenic mutation (Table 1).
Therefore, TCF8 is a strong candidate tumor suppressor gene for
ATLL leukemogenesis and is initially inactivated by unbalanced
wranslocations with heterozygous deletion in the 10p11.2 region in
ATLL cells.

Development of CD4* T-cell lymphoma in TCF8 mutant mice

To determine whether down-regulation of the TCF8 gene could be
a causative event for leukemogenic conversion of T lymphocytes to
leukemia-lymphoma cells, we investigated 8EF/ (mouse homo-
logue of TCF8) gene-targeted mutant mice, which lack the
COOH-proximal zine finger clusters (BEFJ3C# gllele) and were
reported to have a defect in the thymic T-cell development.®*=*
Since 20% of the homozygous TCF8 mutant mice were born alive,
we made their genetic backgrounds more heterogeneous by cross-
ing the CSTBL/6 background with the ICR or FI (CSTBL/6 X
C3H) mice. Homozygous mice on a mixed genetic background
were born with almost normal Mendelian frequencies (wild-type:
heterozygote:homozygote = 60:91:42). After 4 months, almost
half of the TCF& homozygous mutant mice expenenced enlarge-
ment of the abdomen due to ascites (27 [64.3%] of 42 mice), and
many mice developed lymphomas with a median onset of disease
of 30 weeks after birth and an earliest onset at 95 days after birth
(Figure 4A). Half of the mice died within a year, and 84% of them
developed fatal T-cell lymphomas. In TCF8 homozygous mutant
mice, 2 types of lymphomas were observed: (1) penipheral lympho-
mas with or without ascites, and (2) thymic tumors, Typical
pathological findings of 15 mice (no. 6 1o no. 21) are shown in
Table S5. In the peripheral lymphoma group, a large amount of
bloody or milky ascitic fluid had collected in approximately 60% of
the mice with invasion of various organs (Figure 4B.C). Numerous
lymphoma cells with medium to large, cleaved or noncleaved
nuclei were observed in the ascitic fluid (Figure 4D). Lymphoma
cells had invaded various lymph nodes, including the thoracic,
peripancreatic, mesenteric, perirenal, mesenteric, and other periph-
eral lymph nodes (Figure 4E). Fluorescence-activated cell sorter
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Figure 5. Pathological findings of TCFE mutant
mice. (A) Gross autopsy of TCFE mutant mice with
ThyImic TUmors. A large thymic tumor (=) was obsarved
&t the mediastinum of the dissacted mouse. (B) Hema-
foxyiin and eosin staining of tumor sactions from the
mouse as indicated. The normal thymic celiular architec-
1ure in the TCFE mutant mice is repiaced with monoio-
nous fisids of large, highly mitotic lymphoblasts with
small Hassall bodies («). The scale bar indicates
20 um. Ongnal magnification x400. (C) The tumor
celis invaded the lung, vascular tssues, and hearl n
the mouse. The scale bar indicates 500 um. Ornginal
magnification «25. (D) The tumor cells invaded the
muscular tissues of the chest wall The scale bar
indicates 50 um. Original magnification x200. (E) He-
fin and eosin staining of per Iymph nodes.
Tumor cells d a diffuse of
phic lymphoma celis, focally mixed with tingible body
macrophages (“stamy-sky appearance”) (4. The scale
bar indicates 100 um. Ongmal magnification =100,

(F) Hematoxyln and eosm staining of penpheral ymph
nodes. The scale bar indicates 20 wm. Onginal magnifi-
cation =400. (G) Tumor celis from the thymic tumar
warg yzed by g with & d of mono-
clonal antibodies, aither Thy1 2-PE with B220-FITC
{lett) or CD4-PE with CDB-FITC (right) and FACS.
(H) The tumor cells of the CD3*B220- population did
not express VRE.1 TCR (left), but showed weak expres-
sion of V38.1-8.2 TCR (right). (I} Tumor cells from the

liver {left) or spleen (right) were analyzed by staining
with a of lonal CD4-PE
and CDB-FITC
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(FACS) analysis of the tumor cells showed that most of the
lymphoma cells in the ascitic fluid and those that had invaded
various organs were CD4~ SPT cells (Figure 4F-H).

In the thymie tumor group. 16% of the homozygous mutant
mice had large thymic tumors with a diameter of 1 to 3 cm (Figure
5A). Histologic analysis of the thymic wmors revealed that
lymphoblastic lymphoma cells had densely proliferated in the
cortex and medulla of the thymus (Figure 5B). Thymic lymphoma
cells continuously invaded the lungs, chest wall, and pericardium
(Figure 5C,D). In the peripheral lymph nodes, there was diffuse
proliferation of monomorphic lymphoma cells focally mixed with
tingible body macrophages, giving a “starry-sky™ appearance
(Figure SE.F). In the thymic tumor group, surface marker analysis
of thymic lymphoma cells revealed CD4*CD8* DP T lymphoma
cells (Figure 5G), which were negative for VB6.1 TCR and weakly
positive for VB8.1-8.2 TCR with a single peak (Figure 5H). In this
mouse, the mononuclear cells that invaded the liver, as well as a
majority of the cells that invaded the spleen, were DP T lymphoma
cells (Figure SI). Therefore, in the same mouse, both wmor cells
derived from the thymus and those that had invaded the organs
were revealed to be DP T lymphoma cells. Moreover, the remaining

?&? w0t

mice with large thymic tumors showed the same CD4*CDB* DPT
lymphoma cells. In total, 84% of the T-cell wmors in TCF8
homologous mutant mice could be classified as CD4* SP T-cell
lymphoma, and 16%, as CD4*CD8* DP thymic T-cell lymphoma.
CD8* SPT lymphomas were never observed. Thus, the histopatho-
logical and cellular findings revealed that CD4* T-cell lymphoma/
leukemia developed in most TCF& mutant mice

Down-regulation of TCF8 expression is associated with TGF-p1
resistance in ATLL cells

The TGF-B superfamily is known 1o inhibit the lineage commit-
ment of double-positive (DP) cells toward CD4* T-cell differentia-
tion.™ Interestingly, the ATLL cells were found to be resistant o
growth inhibition by TGF-@1, even with high levels of TGF-B1
expression,**" suggesting that ATLL cells may have developed
several mechanisms of resistance to escape the antiproliferative
and inactivating signal mediated by TGF-B1, including Tax
through activation of the JNK/c-Jun pathway™* or MELIS
expression.”” Since TCFB is reported to synergize with Smad
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Figure 8. TGF-fi 1 responsivensss in various leuke-
mia cell lines with the up- or down-reguiation of
TCF8 expression. (A_B) The down-reguiation of the
TCFB protein by TCFE siANA. The CTLLZ (A) and
MOLT4 (B) ceil ines were transfected with aither TCFE
or the AllStars Negative Control (ANC) siRNAs and
then were ncubated for 24 hours The levels of TCFB
protein wers exsmined in sach call line by Westem
biotting (left panal). Alter transiection with sifNAs, the
calis wars ireated with the indicsled concantrations of
TGF-81 for 72 nours. The degree of proliferation of
aach cell ine was examined by MTT assay. The results
ars shown as per of the values from
the control TGF-81-free culture (right panel). A
represents parental cells, [ represents cells treated
with ANC sifiNA, and A represents celis treated with
TCF8 sifANA. Student ! test (P < .05) was used for the
(C.0) The enk p of
TCFB in HTLV-1-nfaciad call inas, The TCFB protan
lavals wers examined in sach MT-2 (C) and HUT102
(D) cail transfected with a mock or TCFE express.on
plasmid after 24 hours by Wastem biotting (laft panel)
The celis ware realed with the indicated concantra-
tions of TGF-B1 for 72 hours and the proiiferation of
each was examined by MTT assay. The resuls are
shown as percentages of the values oblained from the
control TGF-B1-free cufture (nght panef). Parental
celis (<), mock vactor-transfectad calls (), and TCF8
PrRSEION o i celis (). All data are
the means plus or minus standard deviation in 8
duplicate assay. Student [ test (P < .05) was used for

A CTLL2

B wmoLT4

the statistical analysis. C wMT2
TCF8
p-actin
D HuT102
TCF8
B-actin

proteins to activate TGF-B1 signal transduction,**! we investi-
gated whether the down-regulation of TCFB expression was
associated with resistance to TGF-Bl-mediated growth inhibition
in ATLL cells. Thereafter, either TCFS8 or ANC siRNA was
introduced into a munne IL2-dependent T-lymphoma cell line,
CTLL2, and human T-ALL cell line, MOLT4. Western blot
analyses revealed the TCFB expression in the siRNA-treated cells
to be less than half of that in the control cells, while the viable cell
curves of both cell lines treated with TCF8 siRNA exhibited a
significantly higher resistance to TGF-pB1 than those of the control
cells (Figure 6A,B). Next, the TCF8 expression plasmid was
transiently introduced into 2 HTLV-1-infected T-cell lines (MT2
and HUT102) and up to 40% of the TCF8 transfectants died afier
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TGF-Bl treatment in a dose-dependent manner, whereas the
parental and transfectants with mock plasmid did not die with
TGF-B1 treatment at all (Figure 6C.D). These results indicate that
down-regulation of TCF8 expression is one of the mechanisms of
TGF-BI| resistance in ATLL cells. suggesting that CD4" T lym-
phoma cells might escape from negative selection due to reduced
TGF-B1 responsiveness.

Discussion

We demonstrated that in ATLL cells, the TCF8 gene was mainly
epigenetically inactivated in 8 majority of ATLL cells. In addition,
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TCF8 (or B8EF 2™ homozygous) mutant mice frequently devel-
oped CD4* T-cell lymphoma and/or leukemia after a few months.
These findings indicate that TCF8 has a tumor suppressor role in
ATLL. Since the heterozygous TCFS mutant mice did not develop
any tumors and the level of TCF8 expression in some ATLL cells
was approximately 30% to 40% of that observed in the control CD4
lymphocytes, TCF8 may therefore be involved in only some and
not all of ATLL development. On the other hand. it is reported that
TCF8 overexpressed in colorectal or breast cancer cells induces
epithelial-mesenchymal transition (EMT) with the development of
metastatic properties such as migration and invasion in vitro and in
vivo.%? Therefore, TCF8 has dual functions in cancer progression,
which are dependent on the type of the tumors, such as WT/ or
TSLCT wmor suppressor genes.* 4

It was previously reported that TCF8 mutant mice had a defect
in T-cell development in the first week of life.®® At the early stage of
development, intrathymic c-kit' T precursor cells in these mice
were depleted to just 1% of the level in normal mice, and the
number of CD8* SPT cells was significantly reduced relative to the
number of CD4* SPT cells. These observations indicate that TCF8
is involved in the regulation of T-cell development at multiple
stages. Lymphoma cells in TCF8 mutant mice showed either CD4*
SP T cells or DP T cells after 6 months. Interestingly, TGF-B1 was
important for regulating T-cell development in the thymus and for
negative selection at the late stage of differentiation of DP T cells to
CD4* SP cells.™ Recently, DNA microarray analysis identified a
higher level of TCF& expression in DP thymocytes to CD4™ SP
T cells,* suggesting that TCF8 enhanced negative selection due to
TGF-R1 responsiveness. Moreover, TGF-B/—deficient mice had an
increased number of CD4" SP T cells and a decreased number of
CD8* SPT cells.*+7 By correlating the development of CD4* SP
T-lymphoma cells in TCF8 mutant mice with the increase in the
number of CD4* T cells in TGF-/—deficient mice, we concluded
that leukemogenesis in TCF8 mutant mice was panly dependent on
resistance to TGF-1.

TCF8 is an E-box-binding transcription factor reported to
regulate many genes. We found that the transcription of CD4, a4
integrin, and GATA-3, which was reported to be suppressed by
TCF8.** was up-regulated in ATLL cells (data not shown). It was
therefore suggested that impaired regulation of TCFB expression in
ATLL induced the increase in expression of CD4 and GATA3,
which was crucial for the establishment of the ATLL phenotype in
CD4* SP helper T lymphocytes. Moreover, TCF8 was reported to
regulate p73, CCNG2, or p130.4%% Since these genes are very
important for cell-cycle progression and apoptosis, further investi-
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gation is needed to determine which ones are directly related o
leukemogenesis among those regulated by TCF8.

The phenotypes of T-cell lymphomas in TCF& mutant mice
were very similar to those of ATLL patients. In TCF8 mutant mice,
the tumor cells were mainly CD4* SP or DPT cells, which invaded
various organs, such as the liver, spleen. and lungs. In ATLL, the
tumor cells were mainly CD4* SPT cells that also invaded various
organs. One difference. however, was that thymic lymphomas
developed in the TCF8 mutant mice, which has not been reported in
ATLL cases. Another difference is that lymphoma cells in TCF8
mutant mice did not have multilobulated nuclei. Such nuclei result
from alterations in the PI3-kinase signaling cascades,”' suggesting
that down-regulation of TCF8 expression is not related to the
PTEN signaling pathway and that other mutations are necessary for
the development of ATLL. This is the first report illustrating the
importance of the disruption of TCF8 in leukemogenesis of ATLL.

Acknowledgments

We thank Drs M. Shiraga, I. Nishikata, and T. Uetsuki for technical
assistance and advice on the paper.

This work was supported by Grants-in-Aid for Scientific
Research of Priority Area and for 21st Century COE program (L.ife
science) from the Ministry of Education, Culture, Sports, Science
and Technology, Japan Leukemia Research fund, and Research
fund from Miyazaki Prefecture Collaboration of Regional Entities
for the Advancement of Technological Excellence, Japan Science
and Technology Corporation.

Authorship

Contribution: TH., S.N., and K.H. designed and performed experi-
ments, analyzed data, and drafted the paper: M.H. performed
experiments. T.K., YA, TT., KN, and M.T. performed experi-
ments and data analysis: Y.A. and R.Y. performed the histopathol-
ogy. K.Y, A.O., and HT. collected case matenal and supervised
the project: 1.Y. and Y.H. supervised the project and drafted the
paper; K.M. designed the experiments, analyzed data, and drafied
the paper.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Kazuhiro Morishita, Division of Tumor and
Cellular Biochemistry, Department of Medical Sciences, Faculty of
Medicine, University of Miyazaki, 5200 Kihara, Kiyotake, Miyazaki,
Japan, 889-1692; e-mail: kmorishi @med.miyazaki-u.ac.jp.

1. Takalsuki K, Yamaguchi K, Kawano F, et al. Chini-

cal diversity in adult T-cell lsukemia-lymphoma.
Cancer Res. 1985:45:46445-46455

6. Okamoto T, Ohno Y, Tsugane S, et al. Multi-step
carcinogenesis mode! for adult T-cell leukemia.
Jpn J Cancer Res. 1980:80:181-195,

ive adult T-cell leukemia/lymphoma.
Blood. 2006:107:4500-4507,

. National Center for Biotechnology Information.

2. Matsuoka M. Human T-cell leukemia virus type | 7. Look AT. Oncogenic transcription faciors in the GenBank, hitp:/fwww.ncbinim ninh.govisite/
and adult T-cell leukemia. Oncogene. 2003;22: human acute levkemias. Science. 1997-278: enirez. Accessed December 12, 2007.
5131-5140. 1058-1064. 12. Wilkams TM, Mooften D, Burlein J, et al. Identiti-
3. Yoshida M. Multiple viral strat of HTLV-1 for " . cation ol a zing finger protein that inhibits IL-2
Wmmarmmm. Annu Aev 8 Kmnm&:mﬁ;ﬁ ”'c“": gena expression. Science, 1991:25:1791-1734
Immunol. 2001,19:475-496. Mm"ﬂm" '_.me“ ropot. 13, Barrallo-Gimeno A, Nieto MA. The Snail genes
4. Tamiya S, Matsuoka M, Etoh K. Two types of de- Cancer Aes, 1992:52:1481-1403 of cell and sur : implica-
fective human T-lymphotropic virus lypa | provirus tfions in development and cancer. Development
in adult T-cell leukemia. Blood. 1996:88:3065- 9. Tsukasaki K, Krobs J, Nagai K, et al, Comparativa 2005:132:3151-3161
2073 genomic hy ‘ n adull T-Cell 14 Thigry JP, Sieeman JP. Complex networks or-
5 Koiwa T, Hamano-Usami A, Ishida T. 5'long ter- TockpritmlympTiii comeation Wt Einical chestrate epithelial chymal transitions, Nai

minal repeat-selective CpG methylation of latent
human T-cell leukemia virus type 1 pi in
vitro and in vivo. J Virol. 2002,76:9389-9387

course. Biood. 2001;97:3875-3881

10. Oshiro A, Tagawa H, Ohshima K, et al. Ideniifica-

thon of

i il

genormic in

— 172 —

Rev Mol Cell Biol, 2006,7:131-142,

. Sasaki H, Nighilkata |, Sturaga T, et al. Overex-

of a call ion

le, TSLC1, as



BLOOD. 15 JULY 2008 - VOLUME 112, NUMBER 2

21

23

24

25,

& possible molecular marker for acute-type adult
T-coil leukemia. Blood. 2005,105:1204-1213.
Shimoyama M. Diagnoshc critena and classfica-

n

TCF8 IS INVOLVED IN THE LEUKEMOGENE SIS OF ATLL

Nannya Y, Sanada M, Nakazaki K. of al A robust
algorthm for copy number detection using high-

on of chmcal subtypes of adult T-cell
lymphorma: a repor from the Lymphoma Study
Group (1984-87). Br J Haematol 1991,79:428-
437

U, Sty HU, Boms G. Char-
of EBVg gative “null” and
Tmmmmmmmw

m#mnmu Int J Cancer. 1877:19
621626

Minowada J. Onuma T, Moors GE. Rosane-
forrmang human hymps cell ines. |, Estabk
ment and ewvdance 1of ongin of Iymus-derved
lymphocytes. J Nati Cancer inst. 1072:49:891-
895

. Yamada ¥, Ohmoto Y, Hata T, of al. Features of

he sacreted by adull T cell lsukemia
(ATL) celis. Leuk Lymphoma. 199621 443-447
Okada M, Maada M, Tagaya Y, &t al. TCGF (IL
2)-receptor induction Factor (S), Ii: possibie rols
of ATL-derved tactor (ADF) on consifutive IL 2
recepior expression of HTLV-1(+) T cell lnes

J immunol. 1985,135:3995-4003.

Miyoshi |, I S.etal Type C
vifus particles in a cord T-cell line derived Dy
cocultivating normal human cord leukocytes and
human leukaemic T cells. Nature. 1981:294:770-
™

. Gilis S, Smith KA. Long term culture of tumour-

spacific cytotoxic T cells. Nature. 1977.268:154-
156,

Shater LG, Tommerup N (eds), ISCN (2005} An
Intemational System for Human Cylogenetic No-
menciature. 5. Karger, Basel; 2005

Kakazu N, Taniwaki M, Horike S, et al. Combined
Sp yoty I\‘.IDM"I

of Fea e
Geane Ch Clnml. 1999.26:

236-345.

Taniwaki M, Nishida K, Ueda ¥, et al Interphase
and aph of the of
14932 n B-cell malig by
double-color fit o in Sty
Biood. 1995:85:3223-3228
National Center for Biotechnology Information
hiltp:/fwww.ncbi.nim.nih.gov/project/genome. Ac-
cessed December 12, 2007

n

¥

65-6071-6079

Higashi Y, Moribe H, Takagi T, et al. imparment of
T celi development n deRaEF 1 mutant mice J
Exp Med. 1997185 1467-1479.

Takagi T. Moribe H. Kondoh H, Higashi Y. Del-

»

a1

393

Xu X. Heidenreich O, Kitajima |, et al Constity
tively actvated JNK = assocated with HTLV-1
Oncog 1996,13

135-142

Postigo AA. Opposing h ol ZEBp

n the regulation of the TGF/BMP signakng path-

way. EMBO J. 2003:22:2443-2452

Postigo AA. Dapp JL, Taylor LU, Kroll KL Regula-

tion of Smad signaling through a re
of

taEF1. a onc finger and
ton tactor, nmumm
i o 1998:125:21-31

Hark AT, Schoenherr CJ, Katz DJ. et al. CTCF

mmuummmm
2000.405:486-489
ﬂ.IAC Fwa Mathylaton of a CTCF-

cary controls expres-
mumwp\n Nature. 2000,405.482-485
Schmeiz K, Wam-u Doren B, Tamm |. 5-Aza-
2 h duces p21WAF by
wmmmdnnmmwm

sk Int J Cancer

2005111683—005

Soengas MS, Cap i P, Polsky D. Y
of the apoplosis effector Apal-1 in malkignant
melanoma. Nature 2001 406 207-211
Licona-Limon P, Soidevila G. The role of TGF-

beta superfamily dunng T cell development: new
Insights. Immunol Lett. 2007:109:1-12.

. Nigsu Y, Urushizaki Y, Koshida Y, et al. Expres-

sion of TGF-beta gene in aduh T cell leukemia.
Blood. 1988.71:263-266

. Kim SJ, Kehrl JH, Burton J, et al. Transactivation

of the transforming growth tactor beta 1 (TGF-
mngmlwhwmﬂwwmvmw
1 tax- ap

45

a7

and by
ZEB proteins. EMBO J, 2003:22:2453-2462
Peinado H, Oimeda D, Cano A. Snail, Zeb and
BHLH tactors m fumour progresseon: an allance
against the epitheiial phenotype ? Nat Rev Can-
cor. 2007.7:415-428

Murakami Y. lrvoh of a cell adh mole-
cule, TSLC1AGSF4, in human oncogeness. Can-
cer Sci. 2005:96:543-552.

Yang L. Han Y. Saurez Saz F, Minden MD. A 1u-
Mor SUpprEssor and oncogene: the WT1 story.
Leukemia. 2007,21.868-876.

Dik WA, Pike-Overzet K, Weerkamp F, et al. New
insights on humnan T cell develoment by quantita-
tive T cell recepior gene rearrangement studies
and gene expression profiing. J Exp Med. 2005,
201:15a723

. MMM&V\.‘FW& Kulkami AB, et

n TGF-g1
m Jllrlnmnl 1994 153:1936-1946.
Plumn J, De Smedt M, Leclercq G, Vandekerck-
hove B. influence of TGF-8 on munne thymocyte
development in letal thymus organ culture. J im-
munol. 1895;154:5789-5798,

. Postiga AA. Dean DC. Indepandent repressor

domains in ZEB reguiate muscle and T-cell difter-
entiation. Mol Call Biol, 1999,19.7961-7971.

Fontermaggi G, Guriner A, Damalas A, et al. BEF1

MdTﬁFm‘lnMToﬂ -
J Exp Med. 1880,172:121-129.
Yostuda M, Nosaka K. Y,

K, M M. Ab
the MEL 15 gene identified in associabion with
hypomethylation in adull T-cell leukema celis
Blood. 2004;103:2753-2760

J, Nishikata |,
1ol

g

. Amult B, U’llnnunk.ﬂuic et al. Human T-call

Tax
Tﬁmxmawrmmcm
ism of HTLV- leu-
Iumunumn Blood. 2002,100:41204138

— 173 —

bers dunng differentiation. Oncogene. 2005,24:
7273-7280.
Chen J, Yusut |, Andersen HM, Fruman DA
FOXO tactors with BEF1
1o actvale growth suppressne genes n B lym-
phocyles. J immunol. 2006;176:2711-2721
Fukuda A, Hayashi A, Utsunomiya A, &1 al. Aler-
ation of phospt J-kinase n
the ated nuchear f of aduh T coll
(ATLL). Proc Natl Acad Sci
US A 2005,102:15213-15218




v S

Original Article

De n;vo CD5* diffuse large B-cell lymphoma: results of
a detailed clinicopathological review in 120 patients

Motoko Yamaguchl,' Naoya Nakamura,” Ritsuro Suzuki,” Yoshitoyo Kagami,*

Masataka Okamoto,® Ryo Ichinohasama,® Tadashi Yoshino,” Junji Suzumiya,® Takuhel Murase,’
Ikuo Miura,*® Koichi Ohshima,* Momoko Nishikori,” Jun-ichi Tamaru,** Masafumi Taniwaki,**
Masami Hirano,*** Yasuo Morishima,* Ryuzo Ueda,* Hiroshi Shiku," and Shigeo Nakamura*

‘Mie University Graduate School of Medicine, Tsu; *Tokai University, Isehara; *Nagoya University Graduate School
of Medicine, Nagoya; *Aichi Cancer Center, Nagoya; °Fujita Health University School of Medicine, Toyoake; “Tohoku
University Postgraduate School of Medicine, Sendai; "Okayama University Graduate School of Medicine and
Dentistry, Okayama; *Fukuoka University Chikushi Hospital, Fukuoka; *Nishio Municipal Hospital, Nishio;

105t, Marianna Medical University, Kawasaki; **Kurume University School of Medicine, Kurumei-;’Kyoto University,

Kyoto; **Saitama Medical Center, Kawagoe; **Kyoto Prefectural University of Medicine, Kyoto;

Meijo University,

Nagoya, and *Nagoya City University Medical School, Nagoya, Japan

Acknowledgments: we thank the
coltaborators from the institutions
for providing patients’ data and
specimens. A list of participating
institutes is given in the Appendix.
This paper was presented in part at
the 49 Annual Meeting of the

American Society of Hematology,
Atlanta, December 2007.

Funding: this work was supported in
part by Grants-in-Aid for Cancer
Research (15-11, 19-8) from the
Ministry of Health, Labour and
Welfare, Japan.

Manuscript received January 24,
2008. Revised version arrived on
March 26, 2008. Manuscript
accepted April 15, 2008.

Correspondence:

Motoke Yamaguchi, M.D., Ph.D.,
Department of Hematology and
Oncology, Mie University Graduate
School of Medicine, 2-174 Edobashi,
Tsu, Mie 514-8507, Japan.

E-mail:
waniwani@clin.medic.mie-u.ac.jp

ABSTRACT

Background

De novo CD5-positive diffuse large B-cell ymphoma (CD5* DLBCL) is clinicopathologically and
genetically distinct from CD5-negative (CD5) DLBCL and mantle cell lymphoma. The aim of this
retrospective study was to clarify the histopathological spectrum and obtain new information
on the therapeutic implications of CD5* DLBCL.

Design and Methods

From 1984 to 2002, 120 patients with CD5" DLBCL were selected from 13 collaborating insti-
tutes. We analyzed the relationship between their morphological features and long-term sur-
vival, The current series includes 101 patients described in our previous study.

Resuits

Four morphological variants were identified: common monomorphic n=91,  giant cell-rich
n=13, polymorphic n=14, and immunoblastic n=2. Intravascular or sinusoidal infiltration

was seen in 38% of the cases. BCL2 protein expression in CD5* DLBCL was more frequent than
in CD5 DLBCL (p=0.0003). Immunohistochemical analysis in 44 consecutive cases of CD5
DLBCL revealed that 82% of these cases 36/44 were non-germinal center B-cell type DLBCL.
The 5-year overall survival rate of the patients with CD5* DLBCL was 38% after a median obser-
vation time of 81 months. Patients with the common variant showed a better prognosis than
those with the other three variants (p=0.011), and this was confirmed on multivariate analysis.
Overall, 16 patients 13% developed central nervous system recurrence.

Conclusions

Our study revealed the morphological spectrum of CD5" DLBCL, found that the incidence of
central nervous system recurrence in this form of lymphoma in high, confirmed that CD5"
DLBCL frequently expresses BCL2 protein and showed that it is mainly included in the non-ger-
minal center B-cell type of DLBCL.
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Introduction

Diffuse large B-cell lymphoma DLBCL constitutes
the largest category of aggressive lymphomas, and is
considered to have heterogeneous biological proper-
ties."? The phenomenon of CD5 expression in DLBCL
evolving de nove, and not as a result of the transforma-
ton of chronic lymphocytic leukemia and mantle cell
lymphoma, was first described by Matolcsy ef al. in
1995.% Since then, accumulating clinicopathological evi-
dence has gradually clarified that de nove CD5-positive
(CD5") DLBCL constitutes a unique subgroup of
DLBCL.** De nove CD5" DLBCL is associated with
onset in old age, female predominance, advanced stage
at diagnosis, the presence of B symptoms, high levels of
lactate dehydrogenase, and the frequent involvement of
extranodal sites. The genetic analysis of this lymphoma
has suggested that it may onginate from somatically
mutated CD5* progenitor B cells.**" Moreover, an
analysis using cDNA microarray and comparative
genomic hybridization technology demonstrated that
de novo CD5* DLBCL is distinct from CD5" DLBCL and
mantle cell lymphoma.'***" Cytogenetic analysis identi-
fied a subgroup of patients with de nove CD5* DLBCL
with chromosomal abnormalities in 8p21 or 11g13 who
have a poor prognosis.”

We reported that de nove CD5* DLBCL tumeors usual-
ly show a centroblastic morphology, and 19% show an
intravascular or sinusoidal growth pattern.! However,
CDS5 is expressed in some cases of intravascular large B-
cell lymphoma"* and T-cell-rich B-cell lymphoma,*
and cases of CD5* follicular lymphoma™* and CD5
Burkitt’s lymphoma™ have been reported. The relation-
ship between these tumors and de nove CD5* DLBCL
remains to be clarified. We reported that de novo CD3*
DLBCL shows an aggressive clinical course, with a 5-
year overall survival rate of 34%." However, the medi-
an observation period in our previous study was 33
months; the results should, therefore, be confirmed by
long-term survival analysis.

To clarify the histopathological spectrum of CD5
DLBECL and obtain new information on the therapeutic
implications, we performed a detailed clinicopathologi-
cal review and long-term follow-up analysis in a larger
number of patients with de novo CD5* DLBCL.

Deslgn and Methods

Patients

We selected 120 patients with de nove CD5* DLBCL
from 18 collaborating institutes. All patients were diag-
nosed between 1984 and 2002 as having DLBCL accord-
ing to the WHO classification’ and they had no past
history of any other lymphoproliferative disorders. All
specimens for histological and immunophenotypic
studies were obtained at the initial presentation of the
patients, and were examined for CD5 antigen expres-
sion by means of flow cytometry and/or immunchisto-
chemistry. All patients were immunchistochemically
confirmed to be cyclin D1-negative. The current series
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includes 101 of 109 de nove CD5" DLBCL cases
described in our previous study.’ Seven patients who
Fulfilled the diagnostic criteria for intravascular large B-
cell lymphoma’ and one patient with follicular coloniza-
tion were excluded. The study was approved by the
Ethics Committee of Mie University Graduate School of
Medicine, and complied with the Helsinki Declaration.

Clinical information was obtained from the hospital
records or supplied by the physicians at the collaborat-
Ing centers.

Morphological evaluation

Tissue was fixed in 10% formalin and embedded in
paraffin. Sections (5 um thick) were stained with hema-
toxylin and eosin. We examined all the 120 initial diag-
nostic specimens of the de nove CD5° DLBCL cases,
consisting of 85 lymphatic tissues such as lymph node,
Waldeyer's ring, and spleen and 35 extranodal tissues
with lymphomatous involvement. All cases were blind-
ly reviewed twice by three of the authors (MY, NN, and
SN). If discrepancies occurred, we discussed the cases
while using a multiheaded microscope to reach a con-
sensus.

Immunophenotypic study

Immunochistochemical and How-cytometnic analyses
were performed as described previously.”** The mono-
clonal antibodies used were Leud CD3, Leul CDS5,
and CALLA (CD10) (Becton Dickinson, Mountain View,
CA, USA); J5 (CD10) and B1 (CD20) (Coulter, Hialeah,
FL, USA); H107 (CD23) (Nichirei, Tokyo, Japan); MHM6
CD23, BerH2 CD30, UCHL1 CD45RO, HM57
CD79a, ant-immunoglobulin [gG, anti-IgA, and-IgM,
anti-IgD, anti-kappa, and anti-lambda (DAKO,
Carpentaria, CA, USA); 4C7 (CD5) and NCL-CDI10
CD10 Novocastra, Newcastle, UK, and cyclin D1
IBL, Gunma, Japan. Mor e than 20% positvity of the
tumor cells was considered to indicate positivity for the
purposes of this study. Based on preliminary data that
the incidence of CD5 positvity in DLBCL examined
with paraffin material is approximately half of that
examined using frozen sections, and that it can be
increased using more sensitive immunohistochemical
methods (Yamaguchi M et al, presented at the Annual
Meeting of the Japanese Society of Lymphoreticular Tissue
Research, 2000), CD5 expression was examined primari-
ly by How cytometry and/or immunchistochemistry in
the frozen sections from 104 cases of de nove CD5
DLBCL. In the remaining 16 cases, CD5 expression was
examined immunochistochemically using paraffin-
embedded sections. In fact, 75% or more of the neoplas-
tic cells were confirmed to be positive for CD5 in the
cases examined using paraffin-embedded material alone.

BCL2 protein expression was examined by means of
immunohistochemistry using paraffin sections and a
monoclonal antibody (BCL2, DAKO). Paraffin-embed-
ded material for this study was available in 96 out of
120 cases. Staining for BCL2 was performed at the Aichi
Cancer Center, and the data were compared with those
for 150 cases of CD5" DLBCL, which were sequentially
diagnosed at the Aichi Cancer Center during the same
period as the de nove CD3* DLBCL cases. The reaction
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