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Abstract

3q27 translocations affecting the BCL6 gene can involve not only im
munoglobulin genes (IG) but also other as yet unchnracterized chromo
somal loci as partners. Here, we describe cloning of thejunctional area of
a recurringtranslocation,t(3;6)(q27;p21),in non-Hodgkin'slymphomaof
B-cell type and isolation ofclones from 6p2l; high resolution fluorescence
in situ hybridization mapped the clones to sub-band 6p2l.3. Nucleotide
sequence analysis ofa fragment from thejunctional area of 6p2l revealed
the presenceof a novelH4 histonegenethat was includedin the histone
gene cluster on this particular region, and the same fragment detected
â€”380-bptranscripts in hematological tumor cells. BreakpOints on 3q27 of
two cases carrying t(3;6) were immediately 3' ofthe BCL6 exon 1, and the
H4 histone gene was substituted for the 5' regulatory elements of BCL6.
Because 114 gene expression is tightly coupled to DNA replication, this
study suggested an immediate mechanism for deregulated expression of
BCL6, leading to the development of non-Hodgkin's lymphoma.

Introduction

Chromosomal translocations in mature B-cell neoplasms, in gen
eral, result in juxtaposition of cellular oncogenes with 1G3 loci,
leading to transcriptionalderegulationof the genes (1). The BCL6
gene has been identified on chromosome 3 adjacent to the breakpoint
cluster region of translocations involving 3q27 band (2), and rear
rangementof BCL6 has been implicated in large cell NHL of B-cell
immunophenotype(3, 4). In contrastto other nonrandomtransloca
tions observed in B-cell neoplasms, 3q27 translocations are unique in
that they can involve not only IG gene loci but also other as yet
uncharacterized chromosomal loci as partners (5). To date, nearly 20
independent chromosomal sites have been reported to be partners of
the 3q27 translocation,and some of these translocationshave been
described by two or more independentlaboratories,indicating that
they are recurrent chromosomal translocations and that they may play
important roles in the development of NHL.

6p2l is a recurringbreakpointinvolved in structuralchromosomal
abnormalities of lymphoid neoplasms (6). t(3;6)(q27;p21) has been
detected in a total of four cases with NHL of B-cell type, both in our
laboratories(7, 8) and by others (3). In this study, we cloned the
junctionalareaof the t(3;6)(q27;p21) translocationfrom two cases of
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B-cell NHL. Sequencing analysis of the vicinity of breakpoints on
6p2l revealed the presence of a novel H4 histone gene, which was
included in the histone gene cluster mapped to the region from (lp2l.l
to 6p22.2. The consequence of the t(3;6) translocation was replace
ment of the 5' regulatoryregion of BCL6 with the H4 histone gene.

Materials and Methods

Southern and Northern Blot Hybridization and DNA Probe. Genomic

DNA was digested with restrictionenzymes, electrophoresedthrough0.8%
agarosegels, and transferredonto nylon membranefilters (GeneScreenPlus;
NEN Research Products, Boston, MA). Total cellular RNA was prepared using
an RNeasy Total RNA Kit (Qiagen, Hilden, Germany),electrophoresedon
1.4% agarose gels containing 0.66 M formaldehyde, and transferred onto
membranes. The membranes were hybridized with probes labeled with
[32P]dCTP (Amersham Corp.) using a random primer labeling system (Am
ersham). Hybridization and washing conditions were as recommended by the
manufacturer. F372 probe for the MTC region of the BCL6 gene was a 2.3-kb
XhoIJBamHI fragment (Fig. 2; Ref. 9).

Molecular Cloning and Nucleotide Sequencing. Genomic DNA from
lymphomacells was digestedto completionwith BamHIand ligated into the
BamHI site of the ADASHII bacteriophage vector (Stratagene, La Jolla, CA).

The ligated DNA was packaged in vitro with the Gigapack Gold system
(Stratagene). Approximately 1 X 106 phage clones ofthe library were screened
by plaque hybridization. For isolation of germ-line clones representing the
junctional area, we screened an EMBL3-normal human genomic DNA library
provided by the Japanese Cancer Research Resources Bank (Tokyo, Japan).
DNA fromtheisolatedphageclones waspurified(Qiagenlambdakit;Qiagen),
andDNA fragmentsof interestwere subclonedintopBluescriptflSK+ (Strat
agene) for furtheranalyses.DNA sequenceswere determinedby the dideoxy
chain termination method using 11 DNA polymerase (Pharmacia Biotech, Inc.,
Piscataway,NJ) and [35S]dATP(Amersham)or using the automatedlaser
fluorescence system (Pharmacia).

Somatic Cell Hybrid PaneL A panel of DNAs from nine well-character
ized human/mouse hybrids was provided by the Japanese Cancer Research
Resources Bank. The DNAs were digested with appropriate restriction en
zymes andhybridizedwith the probesisolated.

High-Resolution Direct R-Bandlng FISH. Prometaphase chromosome
preparations were obtained from peripheral lymphocyte cultures of healthy
donors by thymidine synchronization followed by 5-bromo-deoxyuridine in
corporation (10). The chromosome slides were stained with Hoechst 33258 and
exposedto blacklight for 5 mm at 75Â°C.BacteriophageDNA used as a probe
was labeled with biotin-l6-dUTP (Boebringer Mannheim, Indianapolis, IN) by
nick translation.The probe DNA was denaturedat 75Â°Cfor 10 ruin, and
unlabeled Cot-l human DNA fraction (BRL, Gaithersburg, MD) was applied
to suppress repetitive sequences. Hybridization solution consisted of BSA (20
mg/mi; Boehringer Mannheim), 1OXSSC, and 50% dextran sulfate (1:2:2).
The solution, with an equal volume of the mixtureof probeDNA and Cot-l
DNA denaturedin formamide,was pipenedonto the denaturedchromosomes.
The slides were incubatedin a humidchamberat 37Â°Cfor 15â€”18h. Hybrid
ization signals were amplified by goat anti-biotin antibody and fluorescein
antigoat IgG. The metaphase chromosomes were counterstained with pro
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SIWFig. 1. A, Southern blot analysis of no. 739 DNA show
ing recombination of sequences from chromosomes 3 and 6.
The DNA was digested with restrictionenzymes and se
quentially hybridized with the F372 MTC probe for BCL6
andpKSl.4 probefor 6p2l. Rearrangedbandsindicatedby
horizontal bars were labeled by both probes. DNA from
acute monocyticleukemiacells was used as a germ-line
control (Lanes C). Hindifi-digested A DNA was used as a
molecular size marker. B, PCR for amplification of t(3;
6)(q27;p2l) junction. No. 739 and no. 897 DNA were
subjectedto PCR amplificationusing the BCL6/06and
KSIO1primerpair. HindIll-digestedA phage DNA and
Hinfl-digested 4X174 DNA were used as molecular size
markers.

pidium iodide. Hybridizationsignals were detected on the chromosomes
visualized by direct R-banding under fluorescence microscopy (Nihon
Kogaku,Tokyo,Japan).

PCR and Cloning of the PCR Product. Oligonucleotide primers were
designed to be complementary to chromosome 3 (BCL6/06 primer; 5'-AG
GAAAGCAG1TfGCACGCGAGAAAAGAGGGAAAA-3') and chromo
some 6 (KS/Ol primer, 5'-GGAAGAGAAACAGGACAAAGTfAGAGG
GACCTFGA-3'; Fig. 5). PCR amplification was performed in an automated
thermalcycler (DNA PCRThermalCycler480; Perkin-Eliner,Norwalk,Cr).
Each reaction mixture (50 @iJ)contained 100 ng of genomic DNA, reaction
buffer,deoxynucleotidetriphosphatemixture,20 pmol of eachprimer,and2.5
units LA Taq DNA polymerase(TakaraShuzo, Kyoto, Japan).The reaction
mixture was subjected to 35 repeated cycles of DNA denaturation at 98Â°Cfor
20 s (1 rain at 94Â°Cin the first cycle), primer annealing and DNA chain
extensionat 68Â°Cfor 10 rain,followed by rapidcooling to 4Â°C.PCRproducts
with â€œA-overhangsâ€•were ligatedinto a plasmidvectorwith 3' T-overhangsat
thecloning site (TA Cloning;Invitrogen,SanDiego, CA). Transformationand
extractionof DNA were performedby establishedmethods.

Results

Cloningthe JunctionalArea of t(3;6)(q27;p21).We described
previously the newly identified reciprocal translocation t(3;6)(q27;
p21) from a patient (no. 739; case 12 in Ref. 8) with fofficular large
cell lymphoma. The complete karyotype was 47,XY,+X,t(3;6)(q27;
p21)/48,XY,+X,+2l,t(3;6)/47,XY,+X,t(3;6),t(21 ;21)(21qterâ€”*cen--@
2lqter). Genomic DNA from the no. 739 lymphoma tissue showed

Fig. 2. Comparativerestrictionmap showing t(3;
6Xq27;p2l) fromno. 739 DNA and germ-linecon
figurations of chromosomes 3 (solid lines) and 6
(open bars). Closed and hawhedboxes are the two 5'
exons of the BCL6 and coding region of the H4
histonegene, respectively.Breakpointson both chro
mosomes from no. 739 are shown by open triangles,
and closed triangles show those of no. 897. F372,
pKSl.4, and pKSG1.25P probes were used for hy
btidization studies. Four phage clones covering the
6p2l locus are ali@ at the bottom.Restrictionsites
are: E, &oR[; B, BamH[;H, Hindffl; G, Bglll; andX
XbaI. Bglll and XbaI sites on chromosome 6 were
incompletelyassigned.

rearrangement ofthe BCL6 gene using the F372 MTC probe (Fig. lA).
Because breakage on BCL6 has been reported to occur within the
MTC region irrespective of the diversity of partner chromosomes, the

rearranged bands labeled with the F372 probe most likely encom
passed the junctional area of t(3;6).

Southernblot analysis following BamHI digestion demonstrateda
17-kb rearrangedband by hybridization with the P372 probe (Fig. 1A).
No. 739 genomic DNA digested to completion with BwnHI was size
fractionated, and the fraction containing the rearranged band was ligated
into the ADASHU phage vector. Eight positive clones were isolated
followingscreeningby plaquehybridization.Restrictionmappingof the
isolated clones indicated that uncharacterized DNA was linked to the
upstream sequences ofBCL6; the breakpoint was 3' ofBCL6exon 1 (Fig.
2). The pKSl.4 probe, a 1.4-kb BglIJJHindffl fragment, lacked repetitive
sequencesand was used for screeningthe normal human genomic library.
Four overlapping phage clones were isolated, and a restriction map
covering over 20 kb was established. Appropriate DNA fragments cor
responding to the junctional region were subcloned into the plasmid for
sequence analysis. Nucleotide sequencing analysis of the junctional area
revealed that the breakpoint on chromosome 3 was â€”520bp downstream
of the splice-donor site of the BCL6 exon 1.

ChromosomalMappingof the IsolatedClonesto (lp2l Band.
Chromosomal localization of the isolated clones in normal cells was
determined by Southern blot analysis of a panel of human/mouse
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Fig. 3. Chromosomal mapping of the isolated phage clones

from a normal human genomic library (Fig. 2) by the direct
R-banding FISH method. Pro-metaphase chromosomes pre
pared from normal human lymphocyte cultures were hybridized
with the biotinylatedprobeand analyzed by fluorescencemi
croscopy.I@eft.NikonfiltercombinationB-2Ashowinggreen
ish-yellow signalon redR-bandedchromosomes;middle.B-2E
filter combinationshowingyellowsignalon greenchromo
somes; right. UV-2A filter combination showing G-banding
patterns of the chromosomes. High-resolution FISH analysis
mapped the probe to R-positive sub-band 6p2l.3.

S

hybrid cells with the pKSl .4 probe. As shown in Fig. 2, the pKSI .4
probe detected 0.8- and 4.2-kb EcoRI fragments in normal human
DNA on Southern hybridization. No hybridizing bands in mouse
DNA were observed understringentwashing conditions. Hybndiza
tion with nine well-characterized hybrids indicated that the isolated
clones were most likely localized to chromosome 6, although a
discordant hybrid clone was detected. High-resolution FISH analysis
of prometaphase chromosome spreads using the mixture of the four
overlapping phage clones (Fig. 2) as a probe demonstrated specific
hybridizationsignals on sub-band6p2l.3 (Fig. 3). Southernhybrid
ization of no. 739 DNA using the F372 and pKSl.4 probes revealed
that the rearranged bands were labeled with both probes (Fig. 1A).
These findings clearly indicated that we cloned the junctional area of
t(3;6)(q27;p21). Because the BCL6 gene lies at the 3q27 band in
telomere-5'-3'-centromere orientation, the junction represents the
der(3) chromosome.

PCR Amplification and Nucleotide Sequencing of t(3;6) Junc
lion from Another Patient with NHL. We analyzed anotherNHL
patient(no. 897) whose lymphomacells also carriedthe t(3;6) trans
location (7). Southern hybridization using the F372 probe from 3q27
and pKSl.4 from 6p2l revealed comigration of rearranged bands
labeled with the two probes. The rearranged bands were similar in size
to those in no. 739, suggesting thatthe breakpointsin these two cases
were close on both chromosomes.

An oligonucleotide primer pair for PCR detection of junctional
sequences of t(3;6) was designed on the basis of sequencing data from
no. 739. As shown in Fig. lB. PCR using the primer pair successfully
amplifieda DNA fragmentin both cases; the PCRproductof no. 897
was â€”130bp smaller than that of no. 739. The amplifies fragment
from no. 897 was subcloned into the plasmid, and the nucleotide
sequences of the junction were determined. Comparison of the se
quence data from the two cases confirmedthat the breakpointswere
close on both chromosomal loci; the distance between the breakpoints
on chromosome 3 was 41 bp, and that on chromosome 6 was 169 bp
(Fig. 2). Thus, breakpoints on 6p2l may be clustered similarly to
those within the MTC region of BCL6.

9

Identification of a Novel H4 Histone Gene on 6p2l Adjacent to
the Breakpoints. Several DNA fragments were isolated from the
genomic phage clones and were used for Northern blot analysis as
probes. A 1.25-kb PstI fragment, pKSG1.25P, detected â€”380-bp
transcripts in hematological tumor cell lines (Fig. 4). Because the size
of the transcripts was smaller than the average size of mRNA from the
majority of genes and because other probes flanking the pKSGI.25P
failed to demonstrate such transcripts, the pKSG1.25P fragment most
likely included major parts of a gene on this locus.

As shown in Fig. 5, nucleotide sequence analysis of pKSG1.25P
revealed a possible open reading frame encoding a protein of 102
amino acids. A homology search of available databases indicated that
the deduced amino acid sequence was identical with that of H4
histone (1 1). The 5' flanking sequence represented regulatory ele
ments such as TATA and CAAT sequences in addition to an essential
promoter element, designated site II, which is highly conserved
among functionally expressed 114 genes (Fig. 5, nucleotides â€”92to
â€”66;Refs. 12 and 13). A terminalU7 snRNP binding site, AAAA
GAGTTG, which mediates the formation of a non-polyadenylated
mRNA 3'-end (14), was identified downstream of the terminal pal
indrome; these 3' sequences are characteristic of cell cycle-dependent
histone genes. Thus, similarly to other histone genes, the present 114
gene was composed of a single exon and lacked intervening sequences
in the noncoding region. The size of the transcripts agreed well with
this structure. Southern blot analysis using pKSGl.25P as a probe
demonstrated multiple hybridizing bands, which was in agreement
with multiple copies of histone genes in the human genome. There
fore, the signal detected by the Northern blot was presumably derived
form multiple different H4 mRNA species of similar length.

In the human genome, histone genes encoding five classes of
histone proteins are organized as clusters but lack any recognizable
repeating unit (15). The clusters have been assigned to chromosomes
1 and 6 (16), and all known Hi histone genes except HiÂ° were
mapped to the region from (lp2l.l to 6p22.2 covering several hundred
kilobases (17). Thus, it is evident that the present H4 gene is included
in the histone gene cluster on 6p2l . The gene database search revealed

at least 11 H4 gene copies in the human genome that encode the same
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which is corresponding to !G genes on 14q32, 2pll, and 22q11 bands,
is located in each partner chromosomal locus. Dallery et a!. (19)
cloned the t(3;4)(q27;pl 1) junctional area and isolated the small 0
protein gene 77'F on chromosome band 4pll. The VAL cell line
carrying the t(3;4) expressed fusion transcripts containing messages

from both the 77'F and BCL6 genes (19). The same group recently
reported that the t(3;l l)(q27;q23.l) resulted in fusion of the BOBJI
OBFJ gene, encoding a B cell-specific transcriptional coactivator, to
the BCL6 (20). In these two translocations, the coding region of the
BCL6 gene itself was not interrupted, and the product of the fusion
messages appeared to be a wild-type Bcl-6 protein. These results as
well as detailed analysis of translocations with IG genes (21) suggest
that the critical molecular consequences of the 3q27 translocations
may be replacement of 5' regulatory elements of BCL6 with many
types of regulatory sequences on partner chromosomes, leading to
transcriptional deregulation of the gene. However, the patterns of
regulation of each regulatory sequence have not yet been completely
characterized.

In the present study, we showed that t(3;6) generated a genomic
structure composed of fusion of a novel H4 histone gene to the BCL6.
The H4 histone gene contained regulatory sequences as well as
histone gene-specific motifs in the flanking region, suggesting that the
gene is functional. Histone genes have been shown to be coordinately
expressed during the cell cycle (1 1). Because the present H4 histone
gene showed several features of S phase-dependent histone genes,
including characteristic terminal elements (14, 17), it is possible that,
as a result of the translocation, the BCL6 gene is placed under the
control of the H4 histone gene and expressed in an S phase-dependent
manner. In contrast, it has recently been shown that, in normal
lymphocytes, BCL6 mRNA is down-regulated by a variety of stimuli
before the cells enter S phase (22). Thus, t(3;6) may result in BCL6
expression at an inappropriate time during the cell cycle, which may
be a novel mechanism of BCL6 deregulation leading to the develop
ment of NHL.

The human H4 promoter has been extensively studied (12, 13).
Ramsey-Ewing et a!. (23) showed that the site II conserved element
mediates cell cycle activation at the 0@ -S phase transition. This is due
to two key transcription factors. One of them, designated HiNF-D, is
a multicomponent protein containing cyclin A, CDC2, and an RB
related protein (24), which apparently links 114 gene regulation di
rectly to cell cycle control. Transcription factor HiNF-D appears to be
deregulated upon neoplastic transformation, reflected by constitutive
activation of HiNF-D binding activity during the cell cycle. The
second transcription factor that binds to the site II cell cycle element
is the oncoprotein IRF-2 (25). IRF-2 is a key activator of 114 gene
transcription but was initially identified as a component of the IFN
mediated cell signaling mechanisms. Although the possible links
between 114gene transcriptional control and deregulated expression
of BCL6 remain to be clarified by experimentation, the site H equiv
alent of the present H4 gene contains consensus binding sites for the
two factors (Fig. 5; nt â€”96to â€”49and â€”90to â€”79,respectively),
which are intricately related to cell cycle control and/or IFN respon
siveness.

The regulatory properties of the H4 promoter in vivoappear to have
an immedi@ttebearing on the mechanism of why this particular t(3;6)
translocation may be recurring. During fetal development and in
tissues of adult mice, histone 114 gene expression and transgenic
activity driven by the 114 promoter is highest in the spleen and thymus
(26). This is presumably due to the active lymphocyte proliferation in
these tissues. The putative H4/BCLO fusion gene appears to be a
natural analogous version of the engineered transgenes used in the 114
promoter study. Thus, the t(3;6) translocation may have occurred
within the germinal center of lymphatic tissue, which is the site of B

kb

4.4â€” â€”28S

2.4â€”

I .4â€”

0.24 â€”

Fig. 4. Identification ofa transcriptional unit on 6p2l. Total cellular RNA (10 @sgeach
lane) was hybridized with the pKSG1.25P fragment as a probe. A photograph of the
ethidium bromide-stained gel prior to transfer is shown at the bottom. The size marker was
0.24â€”9.5-kbRNA ladder (BRL). Positions of 285 and I85 rRNA are indicated; weak
cross-hybridization with the probe was observed. KIS-I, diffuse large cell lymphoma cell
line; KM-H2,Hodgkin's disease cell line; YM,diffuse large celllymphoma cellline; DL-4,
Burkitt's lymphoma cell line; FL-18, follicular lymphoma cell line.

â€”18S

type of histone H4 protein, and 9 of them have been localized to
chromosome 6 (EMBLIGenBankIDDBJ databases: Z80787, X60481,
X60482, X60483, X60484, X60485, X60486, X60487, X83548,
Ml6707, and J00l88). Comparison of the nucleotide sequence data
has indicated that the present 114 gene is a novel gene copy. Thus, the
total number of 114 genes in the histone gene supercluster on

chromosome 6 is now at least 10.
The breakpoint on (lp2l of no. 739 was 3' of the coding region of

the H4 histone gene, whereas that of no. 897 was within the coding
sequences (Figs. 2 and 5). As a result of t(3;6), the H4 histone gene
including its 5' flanking sequences was substituted for the 5' regula
tory region of the BCL6 gene and fused with the coding exons of the
BCL6 in the sametranscriptionalorientation.Thus,codingexons3 to
9 of the BCL6 remained intact.

Discussion

We have shown that less than one-half of the 3q27 translocations
are related to IG genes, based on comigration study of rearranged
bands labeled with the BCL6 and IG gene probes (4). By analogy with
the promiscuity of 11q23 translocations involving the MU gene (18),
the BCL6 gene could be a common â€œacceptorâ€•gene of many partner
genes, transcriptional activation of which leads to the development of
NHL. Thus, it is of special interest whether an unidentified gene,
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-720 CTGCAGTAGA TAATGAGGTA ACCGAAGGCAATTGTGCTTC TTTTGATAAG AAGCTTTCTT

-660 GGTCATATCAGGAAATTCCAGAGAAAGTCCCPCCCTGTATTTGGGGA.AGAGAAACAGGAC
KSIO1primer

-600 AAAGTTAGPAGGGACCTTG@TTCTTAGACTTGTTTCTGAGAACCCTCAATTTTCAAAAACA

-540 CCCACCATTA CCAAGCTCGA TAT1'J@GGGGGGP@TAATTCTCCACCCCAAAC ACTAGA.AATG

-480 AAAATAAGTA GAAAAGAACT TAGCAATATA CCTGAACGAT CTTTAAA19@C TATGAGTCTA

-420 TCT1@GTTCTA TTGCTAGGAA TTTAGCATAT GGAGTATATT TCCATTGTAT ATTAAGGAGA

-360 AAAATGCCACAAAATAGCATAGTTCCATAC_AAATAATGTTAAAGGAAAACATGCATATAT
k

-300 GCAGAGATAACATTCTTTTT GCTT1@ATGTATCTPCTATAA TGTTAACATT TTTGT1@ATGA

-240 GGCAGGAATCATGTTAAATG AAWAGGAA AAACAGCCTA GGTCTTGAGG ATTAAAAAGG
h

-180 ACTGAAGGAGAACAAGAGGGAGTAGAGCACAGCAGGCCTGTTTCCCTTTT AGGTCCCCTC
a

-120 CCCCAATGCAG@GGGP@CTTCCGC OCT CTTCCGGTTTTCAGTCTGGTCCGCAGAGGT

9@ C @@::::::EE::.:::j...::.:.@

H4 HISTONFJBCL6 FUSION BY t(3;6)

Fig. 5. Nucleotide and deduced amino acid Se
quence data of the pKSG l.25P fragment. Numbers
indicate the nucleotide position with reference to
the A of the ATO initiationcodon (numbered0).
H4-site 11-relatedconsensus elements within the 5'
flanking sequences are: a, complete site II multi
partiteelement(nt â€”96to â€”49,boxed);b, con
served sequence within site II (YKCYYKYRG
TYYTCAAYYWGGTCCGMH: Y = C or T;
R = AorG;K = GorT;W = AorT;M = Aor
C; H A, C, or T; Ref. 12; nt â€”92to â€”66);c,
IRF-2 binding motif in site II (nI â€”90to â€”79);d,
HiNF-D binding motif in site H (nt â€”96to â€”49);e,
HiNF-P binding motif in site II (nt â€”85to â€”68)
and TATA consensus for H4 genes (YATARRR; nt
â€”56to â€”49). Auxiliary consensus promoter dc
menu include: g, HiNF-B related extended CCAAT
motif(nt â€”120 to â€”108);h, putative IRF-2 binding
motif(nt â€”218to â€”208);i, putative HiNF-P bind
ing motif (at â€”141 to â€”124);andj andAcputative
OCT-l binding motifs (nt â€”310to â€”303,and
â€”336to â€”327).The 3' sequencesare flanked by
the terminalpalindromeand the downstreampu
rine-richconsensus sequence(14), which are sepa
rated by 14 bp. Breakpoints of t(3;6) are repre
sented by an open triangle (no. 739) and a closed
triangle (no. 897). KS/()I primer for PCR amplifi
cation of t(3;6) (Fig. 1B) is indicated by a horizon
tal arrow.

-60 TACCCATAAAA GCTGCCATCACAGGCAGCAGP@CCTTTGTTCTCTGACCACTTGATA

+1 A@@ oc@1c@ a@@@ a@@ a@ cui o@@ a@ a@ a@ @N ca@ c@ 60
1 Bar Gly ltzg Gly Lys Gly Gly Lys Gly Lets Gly Lys Gly Gly Ala Lys P@rg His Arg 19

A*;@@ c@@@ A@@ G@ AIC@@ O@ G@@ C@ COC@ G@ CG@ 120
20 Lys Val Las Mg P@ J@m I]e G]n Gly I]e Thr Lys Pm Ala lie Mg Mg Lai A]a Mg 39

CT G@ OT@@ C@ A@ T@ G@@ A@@@@@ C@ G@@ T@ A* 180

40 Mg Gly Gly Val,LYSAr@I]e Sa@G1Y@ lie Â¶I\irG]n G]u Thr M@G1YVal Las L@s 59

GE;@ Gc;'JJc GIG A@E C@@ G@@@@@@@ OT A@ UE @* 240
60 Val Pin I.ai G]u ?@mVal I]e Mg ?@ @]aVal Thr Â¶L@rThr G]u His Ala Lys Mg Lys 79

@@@ acEAIG@@@ ocx;@ A@Ic@@ o@ocr iKE@@ G@300
80 Â¶[lrVal Tht Ala I'@:@ Val Val Â¶L\jrAla Iai Lys Atg Gin Gly Mg Thr tat Â¶I@yrGly 99

IT 0c1 G@ TM APGGCATT TTGAAGCCCA GTCATTCTCT AAAA@lGGCCC @rTTPA@GGC360
100Pl@G1yG1y*** I@

@ CTAAGCTT TCAA@1AAAAG_AGTTG@AATGACTCCAAACT GAGTCTCTTA ATAGGGCCAT 420

TGTCAGTGAGTTCTGTCATCCTATTTTACAAGATTAACTCGACGCCGAAAATGGGCTGAT480

GP@CTACAGGTGACCTTGGGC CG@GATTTTT CCAAGGCCAG AAGAGCCTCT GCTGGCCAGT 540

AACTPCTGGC GGCTGCCTGG AAATTGCCTG CAG 573

cell clone expansion in reaction to antigenic stimulation, and neoplas
tic B cells carrying this particular rearrangement may have been
selected for and offered a growth advantage during the proliferative
stage of B-cell maturation.
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