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tracted from the cell lines U937 (monocytic leuke- 23 — ) 23
mia) and SK-N-MC (neuroblastoma) were used as . -
controls for nonrearranged, germ-line Ig genes. w -
Left: the arrow on the left points to the rearranged ' . '
Jy fragment which does not contain C,, sequences 94 —_— " - I 9 4
in KC1445 DNA; the two arrows on the right point - - :
to the two distinct fragments containing Jy or C,, - .
sequences in SM1444 DNA. 6.6 — 6.6
probe Jy Jy Cy J, Cyp C, Cu
enzyme BamH | Hind Il
SM-T1 region where alignment with the restriction map of the normal /g
chromosome 3 | chromosome 14 heavy-chain locus was lost. The location of the breakpoint within C,,
switch sequences was confirmed for case SM1444 by DNA sequence
8 R RR RS S R R R S 88 S analysis of the breakpoint junction of phage SM-71 (data not shown),
L1 11 11 . . .
T 1 1 which revealed the presence of the repeated motifs typical of the Igy
H H H X & X H switch regions on the chromosome 14 side (19). The Ig-unrelated
Sac4.0 portions of phage SM-71 and KC-51 also overlapped with each other
sere in their restriction maps, suggesting that they were derived from the
KC51 same genomic region. This notion is further supported by the fact that
chromosome 3 | chromosome 14 probe Sac 4.0 derived from SM-71 was able to hybridize to the
corresponding region of KC-51 in Southern blot analysis (not shown).
8 R RR RX § Ss 8 R R S 8B se To determine tl.le chromosomal origin .of the Ig-unrelated se-
_L'__I_'_L'M ] I 11 quences, a recombinant phage (SM-71) derived from case SM1444,
M oW X “r was used as a probe in FISH analysis on metaphase chromosome
spreads from mitogen-stimulated normal blood lymphocytes. The ph-
o age probe hybridized specifically to chromosome 14q32 as well as to

Fig. 2. Molecular cloning of the chromosomal breakpoints from two NHL cases with
t(3;14). Illustrated are the maps of two representative phage clones spanning the break-
point regions in case SM1444 (SM-71) and KC1445 (KC-51). ——, chromosome 14
portions of the phage inserts; N, switch sequences; B, C,, exons. Vertical arrows, junctions
of chromosome 3 and 14 sequences. The probes used for Southern (Fig. 4) and Northemn
(Fig. 5) analysis are illustrated below the SM-71 map. Restriction enzyme sites are: B,
BamHI; H, Hindlll; R, EcoRl; G, Bglll; S, Sacl. kb, kilobase.

bridizations to the C,, probe showed, in each case, that the rearranged
fragment containing J; sequences was not linked to C, sequences
(see failure of the C, probe to hybridize to the same rearranged
BamHI fragment detected by J4; Fig. 1) as would be expected for a
physiologically rearranged Ig,, allele in IgM-producing cells. In ad-
dition, in both cases, digestion with HindlII and hybridization with C,,
detected a rearranged fragment, a finding inconsistent with either
germ-line or physiologically rearranged Ig,;; genes, since both HindIIl
sites flanking C,, sequences are not involved in V-D-J rearrangements
(13). The observed pattern is, however, consistent with chromosomal
breakpoints located within C,, switch sequences, as observed previ-
ously in several cases of chromosomal translocations involving the
Igy; locus (2, 16-18).

On the basis of this analysis, we cloned the C,, containing frag-
ments from each case by screening genomic libraries constructed from
SM1444 and KC1445 DNAs using the C,, probe. Restriction mapping
and hybridization analysis of several phage clones led to the identi-
fication of recombinant phages from each library which contained C,,
sequences linked to sequences unrelated to the /g, locus (see Fig. 2
for maps of representative phage clones). The Ig portions of the phage
inserts overlapped along the C,, region extending 5’ into the switch

chromosome 3q27 (Fig. 3), indicating that the recombinant phage
insert contained one of the two chromosomal junctions of the recip-
rocal t(3;14) translocation. Thus, taken together, the results of cloning
and FISH analysis established that, in both NHL cases studied, the
chromosomal translocation has linked sequences within the switch
region of the C,, locus to sequences from band 3927, consistent with
the cytogenetic description of the t(3;14)(q27;q32) translocation. In
the two NHL cases studied, the breakpoints on 327 were located
within 3 kilobases of the same genomic locus, which was termed
bcl-6.

Fig. 3. Localization of phage SM-71 sequences to chromosomes 3 and 14 by fluores-
cence in situ hybridization. Consistent hybridization signals at 3q27 (arrow in A) and
14932 (arrow in B) demonstrated that the insert is derived from the translocation junction.
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Fig. 4. Southern blot hybridization analysis of hd
bel-6 rearrangements in NHL carrying 3927 break- 4.4
points. The probes used are illustrated in Fig. 2. A
U937 and SK-N-MC DNAs are used as germ-line . «»
controls since their hybridization pattern was iden- . ®
tical to the one observed in a panel of 19 control
DNAEs tested. The detected cytogenetic abnormali- 2 3__
ties affecting 3927 in each case are: KC1445, 20—
1(3;14)(q27; q32); SMI444, 1(3;14)(q27;q32); :
TF1403, (3;14)(q27:q32); LDI411, t(3;14)-
(q27;932); EM352, (3:22)(q27:qll); CF755, 1.4—
t(3;12)(q27;q11); SO955, der(3) 1(3;5)(q27:q31).
enzyme EcoR |
probe SB1.8

In order to determine whether 3q27 breakpoints in additional NHL
cases were also located within the cloned portion of the bcl-6 locus,
we looked for bcl-6 rearrangements in a total of 19 NHL cases
carrying 3q27 breakpoints, including 4 (2 cloned cases and 2 addi-
tional ones) carrying t(3;14)(q27;q32) as well as 15 cases carrying
3q27 translocations involving regions other than 14q32. Southern blot
hybridization using probes derived from phage SM-71 (see Fig. 2)
detected rearranged fragments in EcoRI- and/or BgllI-digested DNA
in 7 of 19 cases studied, including all 4 t(3;14) cases as well as 3 cases
with other types of translocations (see Fig. 4 for cytogenetic descrip-
tion of the cases and representative results). These results indicate that
heterogeneous 3q27 breakpoints cluster in a fairly restricted region
within bcl-6 independently of the partner chromosome involved in the
translocation.

Next we investigated whether the bcl-6 locus adjacent to the chro-
mosomal breakpoints contained a transcriptional unit. Probe Sac 4.0
(see Fig. 2) was used to detect RNA expression in several human cell
lines by Northern blot analysis. A major 2.4-kilobase RNA species
was readily detectable in two B-cell-derived cell lines tested, while a
relatively less abundant 4.4-kilobase species is present in CB33 only.
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Fig. 5. Identification of the bcl-6 transcriptional unit. Total RNA (15 pug) isolated from
the indicated human cell lines was analyzed by Northern blot hybridization using the Sac
4.0 probe (see Fig. 2). CB33, Epstein-Barr virus-immortalized human B lymphoblastoid
cell line; HeLa, human cervical carcinoma cell line; Daudi, human Burkitt's lymphoma
cell line; Hut78, human T-cell leukemia cell line. Hybridization of the same filter to a
mouse glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe is shown as control
for RNA amount loaded in each lane. The faint band comigrating with 28S RNA in all the
lanes may be the result of cross-hybridization with rRNA sequences. The high molecular
weight band detectable in CB33 may represent an unspliced gene of bcl-6 RNA.
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No hybridization was detected in a T-cell-derived cell line (HUT 78)
or in HeLa cells (Fig. 5). This result indicates that 3q27 sequences
immediately adjacent to the chromosomal breakpoint cluster are part
of a gene (bcl-6) which is expressed in cells of the B-lineage.

Discussion

This study reports the identification and cloning of a genomic
region, bcl-6, involved in recurrent chromosomal translocations af-
fecting band 3q27 in NHL. The region is defined by the clustered
position of breakpoints in seven NHL cases carrying 3q27 transloca-
tions involving either /g, or several other loci. A more precise defi-
nition of the bcl-6 locus and of the frequency of its involvement in
NHL requires cloning and characterization of additional bcl-6 se-
quences and the study of additional tumor cases. Nevertheless, the
finding that various translocation partner chromosomes have been
joined to the same region on chromosome 3 in cytogenetically heter-
ogeneous NHL cases supports the notion that rearrangement of the
bcl-6 locus may represent the critical common denominator of trans-
locations involving 3q27.

The second finding of this study is that the bcl-6 locus contains a
gene which is expressed in B-cells. It is not clear at this stage whether
the chromosomal breakpoints directly truncate coding or regulatory
sequences of bcl-6 or whether the gene remains intact with its regu-
lation overridden by transcriptional control motifs juxtaposed by the
translocation. The clustering of breakpoints in the seven studied NHL
cases suggests, however, that bcl-6 may be a protooncogene which can
contribute to NHL pathogenesis upon activation by chromosomal
translocation. Results of this study will allow elucidation of the nor-
mal structure and function of the bcl-6 gene in order to understand the
pathogenetic consequences of chromosomal translocation of bcl-6 and
its role in lymphomagenesis.
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