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Thelkarosgene, a central regulator of lymphoid differentiation, fuses
to theBCL6gene as a result of t(3;7)(q27;p12) translocation in a patient
with diffuse large B-cell lymphoma

Yoshitaka Hosokawa, Yumiko Maeda, Ryo Ichinohasama, Ikuo Miura, Masafumi Taniwaki, and Masao Seto

The BCL6 gene, isolated from the break-
points of 3g27-associated chromosomal
translocations, has been implicated in
diffuse large B-cell lymphomas (DLBL).
Here we describe the molecular character-
ization of novel t(3;7)(q27;p12) transloca-
tions in 2 patients with DLBL. Molecular
genetic analysis of the breakpoint area
involving BCL6 revealed the presence of

lymphoid differentiation that had been
mapped to human chromosome 7 band
p13-p11.1. As a molecular consequence
of the translocation, the 5 ' regulatory
region of the BCL6 gene was replaced by
the putative 5 ' regulatory region of the
lkaros gene, probably leading to deregu-
lated expression of the BCL6 gene
throughout B-cell differentiation. Reverse

(RT-PCR) and fluorescence in situ hybrid-
ization (FISH) analyses of a patient sam-
ple established that the t(3;7)(q27;p12)
results in fusion of the lkaros and BCL6
genes. This study provides the first
evidence that the Jkaros gene is re-
arranged in human hematopoietic malig-
nant disorders. (Blood. 2000;95:2719-2721)
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Introduction

The BCL6 gene has been implicated in the etiology of som&tudy design

non-Hodgkin’s lymphomas (NHLs), especially diffuse large B-cell

lymphomas (DLBLs)-5 TheBCL6gene is located at 327 and hag'-rapid amplification of complementary DNA (CDNA)
been isolated from recurrent breakpoint sites of chromosonfilds (RACE)

translocations in DLBLs. Rearrangement of B€L6 gene Was First strand cDNA was generated by reverse transcription (RT) using the
found in as many as 40% of DLBLs and in 10% of a subset gftisense primer 1 in BCL6 exon 3:(6GTCGACTCCGGAGACGAT-
follicular lymphoma (FCLF’ These alterations are thought toTAAGGT-3'), followed by the addition of dCTPs to the @nd of the
cause deregulated expression of B€L6 gene by means of a cDNAs and polymerase chain reaction (PCR) usingR&CE abridge
novel mechanism, promoter substitution—that is, the juxtapositi@nchor primer (§GGCCACGCGTCGACTAGTACGGGGG GGGGEG) and

of heterologus promoters from different chromosome loci to tHBe nest antisense primer 2 in exon 2fCTGGATACAGCTGTCAG CC
intact BCL6 coding regio. GGCGA-3). The diluted PCR products were further amplified with the

The chromosomal translocations involving BCL6 are varidble2Pridged universal amplification primer (8GCCACGCGTCGACTAG-

" . . . TAC-3") and the nest antisense primer 3 from exon 2GEAAAATTTT-
In addition to the immunoglobulin (I_g) loci, 14932 (IgH). 2pllGCTC,iAAC—3’). The final PCRp product was sequgnced by using an
(lgLk), and 22q11 (Igh), they also include 1921, 2921, 4pll,, 000 i 379 DNA sequencer (Applied Biosystems, Foster City, CA).
5p13,9p13, 11923, 12p11, 1213, and 15¢2Recently, the small
G protein TTF on 4p1l1, a B-cell-specific transcriptional activataenomic DNA and cDNA library construction
BOB1 on llq_23, an_d histone H4 on 6921 have been isolated frqlﬁe genomic DNA library from patient 2’s lymphoma samples and the
cases or cell lines with 3927 translocatidf$?Each gene of these .pa library from a human B-cell lymphoma cell line, SP49, were
translocations formed a fusion transcript with BCL6 by removingonstructed as described elsewhifehe genomic library (3¢ 106 plaque-
the first BCL6 noncoding exon, thus leaving this oncoproteifrming units) was screened with a 4.0-kilobase (kb) BCL6 major
intact. We recently reported on 2 patients with DLBL with novetranslocation cluster probe (Figure®).
t(3;7)(927;p12) translocatiori3.We report here the case of a o S )
patient with DLBL whoselkaros gene, a central regulator of Fluorescence inssitu hybridization (FISH) analysis
lymphoid differentiation, fused to thBCL6 gene as a result of FISH analysis with a YAC clone 19GA1®upstream of th&CL6locus and
t(3;7)(q27;p12) translocation. a BAC clone (Genome Systems Inc, St Louis, MO), including the
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Patient 1

Patient 2

Primer AUAP
GGCCACGCGTAGACTAGTAC

Anchor region

TTTCCATC

TATT: T
IICTTCARAGTTTCCACCAACGGAGCCTCAGCCTCAGTGTCACTTGGAT

GAMAATTTTCGAAACTTCCAGAAGGTTTTTGAGCAAAATTTT
BCL-6 exon2

Primer AUAP
GGCCACGCGTCGACTAGTAC

Anchor region

T AGGGAACT TTAGGT
IT T T A
GTTGGTTTTGAGCAARATTTT

BCL-6 exon2

Patient 2 5'-RACE region

GIGTGGATTTGTGTGGARAAGGCAGCTGTCACTIGGCCTTGGCGRGGCCT
CGGTTGGTTG ATAACCTGAGGACCATGGATGCTGGATGAGGGTCAAGAC
*kxk

ATGTCCCAAGTTTCAGGGAAGGAARGCCCCCCTGTAAGCGATACTCCAGA

Ikaros coding

Figure 1. 5’ RACE assay of patients 1 and 2 and RT-PCR analysis of 5

noncoding region of

Ikaros gene. (A, B) The foreign sequences identified with the

5’-RACE method in 2 patients with DLBL with t(3;7)(q27;p12). (A) patient 1, (B)
patient 2. The foreign sequences fused to BCL6 sequence are underlined. GenBank
accession no. AF180297. (C) Sequence of the same RT-PCR products of 4 B-cell
lines obtained with a sense primer (shown by arrow) for the foreign sequence
identified in patient 2 and an antisense primer (shown by dashed arrow) for the Ikaros
coding region. The foreign sequence (underlined) in this patient was found to
correspond to a part of the 5' noncoding region of the /karos gene. The translation
initiation ATG codon of the lkaros gene is indicated with 3 asterisks.
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approximately 5 to 8 kb were clearly detected by Northern blot
analysis of a B-lymphoma cell line, SP-49 (data not shown). To
isolate theBCL6 partner transcript, the genomic Kpn I-Bgl I
fragment of 2.5 kb was then used to screen an SP-49 random-
primed cDNA library constructed imgt 10. BLAST homology
search disclosed that the sequences of the 2 isolated cDNAs
completely matched that of the human Ikaros, which was shown to
play a central role in lymphoid differentiatidf:8

To confirm whether the foreign sequence fused to BIGi 6
transcript was derived from thkarosgene, we performed RT-PCR
analysis of the total RNA samples from 4 B-cell lines (NALMS6,
SP-49, Raji, and KMS-12-BM) witholBCL6 gene rearrangement
at various differentiation stages by using a sense primer for the
5'-foreign sequence derived from patient 2 and an antisense primer
for the Ikaros-coding exon 2 sequence. Sequence analysis of the
amplified PCR products of the same size from these 4 cell lines led
to identification of the fusion of the foreign sequence to the lkaros
region, thus establishing that the foreign sequence was indeed
derived from the 5noncoding region of thékaros gene (Figure
1C). Our observation is in agreement with an earlier report
by Molnar et al° that the humarkaros gene is extremely large
and complex, and it seems likely that as yet unidentiféd 5
noncoding exons are present in the huntlkaros gene. On the
other hand, no apparent RT-PCR product could be amplified from
any of the 4 above mentioned B-cell lines when a sense primer was
used for the 5foreign sequence derived from patient 1 and an
antisense primer for the lkaros-coding exon 2 sequence. Thus, the
origin of the foreign sequence (Figure 1A) from patient 1 remains
unclear.

Finally, FISH analysis with a YAC clone 19GATQupstream of
theBCL6locus and a BAC clone, including the C-terminal portion

cl'te”ui”‘ge portion of thelkaros gene, was performed as describedyf the |karos gene, provided further evidence for our conclusion
elsewnere:

Results and discussion

To determine the molecular genetic basis for the 2 DLBL casgs
with t(3;7)(q27;p12) translocatioX, we first performed the

that thelkaros and BCL6 genes are fused as a result of the t(3;7)
translocation in patient 2 (data not shown).

Thelkarosgene was previously assigned to chromosome band
7p13-p11.27 which is in agreement with our finding that this gene
is rearranged in a human DLBL with t(3;7)(g27;p12). Because only
cases with t(3;7) have been reported in the literatéitehe

5 frequency of involvement of thikarosgene in DLBL appears to be

RACE assay of the total RNA samples from patients 1 and 2. Aglatively low. Given the importance of thikaros gene in the

expected, sequence analysis of the resultant PCR products revedl¥8

geny of the murine lymphopoietic system, it has been pre-

that 5-foreign sequences were fused to the BCL6 exon 2 region,%témed that it may be involved in some forms of human severe

shown in Figure 1A and B. However, a BLAST homology searc

ﬁombined immunodeficiency, leukemia, and lymphdf4. In

revealed that these sequences did not bear any significant honf%?-t’ it has recently been found that acute infant leukemia often

ogy with any known sequences. We confirmed the presence of
specific-fusion transcript in each case by performing RT-PCR
analysis with a sense primer for the foreign sequence identified ﬂ?”
RACE and an antisense primer for the BCL6 exon 3 region (d

not shown).

To clone the genomic DNA fragments that contain the chromo-

xpress dysfunctional dominant negative lkaros isoforms, implicat-
g Ikaros in leukemogenedsis. This study provides the first evi-
ce for the involvement dkaros gene rearrangement in human

a@gmatopoietic malignant disorders. Another group has recently

Chromosome 3 germ-line ~ Xhol ATG
{BCL-6 gene locus) Xhol

somal breakpoint of t(3;7)(q27;p12), we next constructed patien L
2's lymphoma sample—specific genomic DNA library inRASH
Il phage vector. This screening allowed us to isolate 2 different —

genomic clones with insert sizes of 19 and 23 kb, as schematicall
illustrated in Figure 2. Restriction enzyme mapping and Southerr
blot analyses showed that the clone of 19 kb represented the BCL

BCL-6 MTC probe 1kb
—-————————

Xh
Der7 °agin Kpn Bgi !
(Rearrangement aliele) d_‘ | | |
o]

} A

Breakpoint 7p12region Ikaros coding exon 1

3q27 region

germ_“ne allele and the clone of 23 kb represented the rearran%ﬂre 2. Schematic representation and restriction enzyme map of the chromo-

allele.

some 3 germ-line configuration ( BCL6 gene locus) and the chromosome 7

The 2 fragments (7-kb Bgl 1I-Kpn | and 2.5-kb Kpn I-Bgl Il in derivative (der 7). The 3q27 regions are shown by lines, and the 7p12 region by
Figure 2) derived from the 7p12 locus of the rearranged allele Wé}%ched bars. The breakpoint is indicated with a vertical arrow, and the presence of

used for Northern blot analysis to examine whether this regi

the Ikaros coding-exon 1 with a dashed vertical arrow. Exons | to Il of the BCL6 gene

%ne boxed. A BCL6 major translocation cluster (MTC) probe was used to screen a

included transcribed exons. At least 2 hybridization bands @énomic DNA library constructed from patient 2.
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performed the 5RACE analysis of 18 patients with DLBL carry-

IKAROS GENE FUSES TO BCL6 GENE IN PATIENT WITH DLBL
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ing the BCL6 gene rearrangement, and one of B@L6 partner Acknowledgments
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