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ABSTRACT Rearrangement oftheBCLI (B-cell lymphoma
1) region on chromosome 11q13 appears to be highly charac-
teristic of centrocytic lymphoma and also is found fuently
in other B-cell neoplasm. Rearrangement is togt to dereg-
ulate a nearby protooncogene, but nscribed sequences in the
immediate vicinity ofBCLI breakpoints had not been Itifed.
PRADI, previously desinted DIIS287E, was identified on
11q13 as a chromosomal breakpoint region rearranged with the
parathyrold hormone gene in a subset ofparathyrod as;
this highly conserved putative oncogene, whichen s a novel
cyclin, has been linked to DCL) and imcated also in subsets
ofbreast andsqou ellneosms with 11q13
We report pulsed-fidd gel dectrophoresis data showing BCLI
and PRADI to be no more than 130 koa apart. PRAD1
mRNA is abundantly expressed in seven of seven cent
lymphomas (Kid cl tion), in contrast to 13 closely related
but noncentrocytic lymphomas. Three of the seven centrocytic
lymphomas had detectable BCLI DNA I. Also,
two unusual cases of CLL with BCLI rearragment overex-
pressed PRADI, in const to five CLL controls. Thus, PRADI
is an excellent candidate "BCLI oncogene." Its overe n
may be a key consequence ofrearrangementoftheBCLl vidnity
in B-cell neoplams and a unifying pathogenetic feature in
centrocytic lymphoma.

Several B-cell malignancies have been shown to have char-
acteristic chromosomal translocations that result in juxtapo-
sition of DNA containing known or potential cellular onco-
genes with DNA containing genes for immunoglobulin
chains. These rearrangements are thought to deregulate the
normal expression of the protooncogene by placing it under
the influence of sequences that regulate the active, tissue-
specific transcription of immunoglobulin DNA and thus
contribute to the neoplastic phenotype.
For two of the common B-cell lymphoma translocations,

t(8;14) and t(14;18), the DNA translocated into the immuno-
globulin heavy chain gene region of chromosome 14 contains
MYC and BCL2 (B-cell lymphoma 2 gene), respectively (1-4).
Another rearrangement associated with B-cell neoplasia is
t(11;14) (5-10). In the translocations examined, chromosome
11q13 was rearranged with the immunoglobulin heavy chain
locus on chromosome 14q32 (11); the DNA near the break-
point on 11q13 was originally named the B-cell leukemia/
lymphoma 1 (BCLI) locus (12, 13). It has been assumed that
rearrangement ofBCLI deregulates a protooncogene that lies
nearby; however, until very recently no transcribed sequence
in the vicinity ofBCL) had been identified. Thus, the identity
of the putative BCL) region oncogene and the consequences
of BCL) rearrangement remain uncertain.

Clonal BCL) rearrangement is found only occasionally in
a variety of B-cell tumors, notably B-cell CLL, plasma cell
myeloma, and diffuse large-cell lymphomas (DLCL) (14-19).
In contrast, however, BCL) rearrangement has recently been
observed in 30-50% of centrocytic lymphomas (20, 21) and
intermediate lymphocytic lymphomas or lymphocytic lym-
phomas of intermediate differentiation (IDL) (19, 22). These
lymphoma subtypes, from different lymphoma classifica-
tions, frequently overlap (23-25). These results, indicating
that BCL) rearrangement is characteristic of a particular
subtype of low-intermediate grade B-cell lymphoma, suggest
that BCL) rearrangement may activate a gene whose abnor-
mal expression is pathogenetically related to that subtype.
PRAD) (for parathyroid adenomatosis) is a highly con-

served putative oncogene on chromosome 11q13 that en-
codes a cyclin and has been implicated in parathyroid tum-
origenesis (26-28). A subset of parathyroid adenomas bear
clonal rearrangements of the parathyroid hormone (PTH)
gene, and PRADI (then identified as Di)S287) was originally
isolated as the breakpoint-adjacent DNA in such a tumor
(26). PRADI, orD)IS287E, is dramatically overexpressed in
these adenomas, probably driven by active, tissue-specific
regulatory elements ofthe misplacedPTHgene. PRADI may
also be important in the pathogenesis ofa subset ofbreast and
squamous cell cancers that contain DNA amplification in
11q13 (29) and has been physically linked to BCL) (29, 30).
We considered the possibility that PRADI might be the

pathogenetically relevant BCL) region oncogene in lymphoid
neoplasia and report that (i) the BCL) breakpoint locus and
PRAD) are tightly linked, no more than 130 kilobases (kb)
apart, and (it) two unusual CLLs with BCL) rearrangement
overexpressed PRAD); seven of seven centrocytic lympho-
mas equally abundantly expressed PRAD), in contrast to
related lymphomas not associated with translocation t(11;14)
or BCL) rearrangement. Therefore, PRADI is an excellent
candidate for being the BCL) region gene whose dysregula-
tion contributes to lymphoid neoplasia.

MATERIALS AND METHODS
Puled-Field Gel Electrophoress (PFGE). DNA samples for

PFGE were prepared from peripheral blood leukocytes and
digested with Not I, Mlu I, Sal I, Ksp I, Nru I, Nae I, Xho
I, and Sfi I by standard techniques (31). Three different
pulsed-field gels were prepared to resolve fragments in the
range of 4-400 kb, 240 kb to 1 Mb, and 500 kb to 2 Mb

Abbreviations: CLL, chronic lymphocytic leukemia; DLCL, diffuse
large-cell lymphomas; PFGE, pulsed-field gel electrophoresis;
DSCL, diffuse small cleaved-cell lymphoma; MTC, major translo-
cation cluster; BCL1, B-cell lymphoma 1; PRAD1, parathyroid
adenomatosis; PTH, parathyroid hormone; IDL, lymphocytic lym-
phoma of intermediate differentiation.
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according to manufacturer's instructions (Bio-Rad). Frag-
ment sizes were estimated by interpolation based on the
migration of Saccharomyces cereviseae, A phage concat-
amer, and HindIII-digested A phage size standards.

Tissue Samples. Selection. We sought samples of lym-
phoma tissue in which BCLI had a relatively high likelihood
of having detectable rearrangements and of lymphoma tis-
sues that would serve as controls, in which BCLI had a low
or negligible chance of being rearranged. Consecutive cases
of centrocytic lymphoma, as defined by morphologic and
immunophenotypic criteria in the Kiel classification (23), for
which adequate frozen tissue remained for DNA and RNA
analysis were selected for the study. In the modified Rappa-
port classification (24, 25), six of these cases met the histo-
logic criteria for intermediate lymphocytic lymphoma and
one case would have been classified as poorly differentiated
lymphocytic lymphoma. All cases were classified as diffuse,
small, cleaved-cell lymphoma (DSCL) in the "Working For-
mulation," since, as originally described, this category is
considered to contain by definition all cases of centrocytic
lymphoma of the small-cell type (32). All cases expressed the
pan-B-cell antigen CD20 and monotypic immunoglobulin.
Control tissues represented various types of low- and inter-
mediate-grade B-cell tumors with morphologic features sim-
ilar to centrocytic lymphoma. These included: five cases of
small lymphocytic lymphoma (all were lymph nodes or spleen
tissue from patients with CLL); four of these five cases were
CD5+; two cases of DSCL that did not fit the Kiel criteria
defining centrocytic lymphoma; both could be classified as
IDL in the modified Rappaport criteria. One of these cases
(4265) had an admixture of so-called centrocyte-like cells or
monocytoid B cells, consistent with the recently described
entity called low-grade B-cell lymphoma of mucosa-
associated lymphoid tissue (33) or monocytoid B-cell lym-
phoma (34, 35), and the other (3270) was unclassifiable in the
Kiel classification, having a mixture of small lymphocytes
and small cleaved cells with extensive noncaseating granu-
lomatous reaction. Other control tissues included: one case
of follicular small cleaved-cell lymphoma, two follicular
lymphoma cell lines (FL-1412 and FL-18) (36), two pre-B-cell
lines [697 (37) and REH (38)], and a case of B-cell DLCL
involving the spleen.

Preparation. At the time of surgical excision, tissue blocks
were frozen in liquid nitrogen and stored at -70°C as part of
the standard protocol for pathological evaluation of lym-
phoma.
Immunohistologic studies. Acetone-fixed cryostat sec-

tions from each case were stained with an avidin-biotin-
horseradish peroxidase method (Vectastain, Vector Labora-
tories) as previously described, with aminoethylcarbazole as
a substrate and hematoxylin as the counterstain. All cases
were stained with antibodies to immunoglobulin heavy and
light chains (DAKO, Carpinteria, CA), anti-CD20 (Bi), anti-
CD10 (J5) (Coulter), anti-CD5 (Leu-1), and anti-CD3 (Leu4)
(Becton Dickinson). See Table 1 for results of many of the
immunophenotyping studies.
Northern Analysis. Total RNA was isolated by the guani-

dinium isothiocyanate/cesium chloride method, electropho-
resed on a denaturing formaldehyde/agarose gel, and trans-
ferred to nitrocellulose or nylon filters (31). Hybridization
conditions were similar to those used for Southern filters.
Blots were washed in 0.015 M NaCl/0.0015 M sodium citrate,
pH 7, at 60°C. The 28S ribosomal RNA oligonucleotide
(5'-CAA GAT CTG CAC CTG CGG CGG CCT CCA CCC-
3') (39) was end-labeled with [32P]ATP (31) and used to
control the amount of high molecular weight RNA present in
each lane. Hybridization and washing were at 420C in low salt
concentrations, and band intensities on autoradiograms were
measured by densitometry (31).

Southern Hybridization. Extraction of high molecular
weight DNA, restriction enzyme digestion, and Southern
blotting were performed as described (40).

Probes. BCL1 probe b is a 2.3-kb Sac I-Sac I genomic
DNA fragment described previously (13). The PRADI probes
were a partial PRADi cDNA containing the full coding region
(insert of A phage P14 in ref. 28); and the insert of plasmid
pDY-12, a 500-base-pair (bp) genomic fragment (27), here
called probe D, located 15 kb upstream of the first exon of
PRADL. These probes were random-primed and labeled with
[32P]dATP (41).

RESULTS
PFGE analysis of the BCLI and PRADJ regions (Fig. 1)
showed that both PRAD1 probe D and BCL1 probe b
hybridized to the same (comigrating) genomic DNA frag-
ments in restriction digests with Not I (370 kb), Mlu I (700,
620, and 185 kb), Sal I (620 and 580 kb), Ksp 1 (620 and 150
kb), Nru 1 (1200 kb), and Nae I (130 kb). Several enzymes
produced fragments that did not comigrate: an 80-kb Sal I
fragment detected by PRAD1 was not seen with BCL1; SfI I
generated a 15-kb fragment detected with PRADi and a 55-kb
fragment detected with BCL1; Xho I gave a series of frag-
ments in the 50- to 185-kb range detected with both probes,
but a 10-kb fragment detected with PRAD1 only. Thus,
PRADJ normally lies no more than 130 kb from the BCLI
breakpoint locus and could be considerably closer. Previous
data had indicated that PRADI was telomeric to BCLI on
chromosome 11q13 (29), as would be expected for the area's
relevant oncogene (12, 13). Furthermore, BCL1 probe b
appears to be located upstream or 5' relative to PRADJ's
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FIG. 1. PFGE analysis of PRADI (A) and BCLI (B). Lanes: 1,
Not I digest; 2, Mlu I digest; 3, Sal I digest; 4, Ksp I digest; 5, Nru
I digest; 6, Nae I digest; 7, Xho I digest; 8, Sfi I digest. A is probed
with PRADi probe D, and B, with BCL1 probe b. Fragment sizes in
kb were estimated from three separate pulsed-field gels, which in
combination gave good resolution of fragments in the 4-kb to 2-Mb
range (see text). Discrepancies with fragment sizes reported previ-
ously in abstract form (30) reflect the improved accuracy of the
current estimates based on additional PFGE data.

Medical Sciences: Rosenberg et al.

0 0



9640 Medical Sciences: Rosenberg et al.

transcriptional orientation, based on the presence of fewer
bands comigrating with BCLI when a far 3' PRAD1 cDNA
probe was used (not shown) instead ofthe 5' PRAD1 probe D.
We hypothesized that PRADI, if it is the BCLI area

oncogene, would be transcriptionally activated in all B-cell
tumors with detectable BCLI rearrangement and also in some
tumors without detectable BCLI rearrangement (because
breakpoints may be heterogeneous, and some activating
rearrangements will likely escape detection on Southern blots
hybridized with the original BCLI breakpoint probes). We
obtained total RNA from seven centrocytic lymphomas, two
CLLs known to contain a BCLI rearrangement (CLLs 271
and 1386) (12, 13), and numerous tissues from lymphoma
types representing a similar stage of B-cell differentiation but
in which BCLI rearrangement occurs rarely or not at all (see
Materials and Methods).

Fig. 2 shows that expression of the normal-size 4.5-kb
PRADI transcript in all seven centrocytic lymphomas and in
the BCLI-rearranged CLLs was dramatically greater than in
any other B-cell tissue, including the noncentrocytic diffuse
small cleaved-cell lymphomas and other CLLs. There was
some heterogeneity in the level ofPRADI expression in the
centrocytic lymphomas, with a 2-fold variation within the
group. However, the centrocytic lymphomas expressed
PRADI 16- to 37-fold more than the average comparison
tissue and 10- to 23-fold more compared with the noncentro-
cytic tissue with the highest level of expression. PRADI
expression in CLLs 271 and 1386 was of a similar magnitude
to that in the centrocytic lymphomas. Two bands of smaller
size, which may represent alternatively processed PRADI or
PRADI-related mRNAs, may also be seen as minor hybrid-
izing products; the smaller band is especially prominent in
CLLs 271 and 1386.
The group of centrocytic lymphomas we studied appeared

to be representative of those described in the literature with
regard to both their immunophenotype (Table 1) and their high
incidence ofBCLI rearrangement. Three of seven cases (43%)

FL DSCL Pre-B CLL
11

Table 1. Histologic and immunophenotypic profiles
BCLI PRADI

Cases sIg CD5 CD10 rearr. overexpr.

Centrocytic lymphomas
3233 ML + - - +
4487 ML + - - +
3093 MK + - - +
4628 MDK + - - +
4911 MK + - + +
3923 MDK + - + +
4706 ML - - + +

CLL-BCL1 rearr.
271 MK NA NA + +
1386 MK + NA + +

Noncentrocytic DSCL
3270 L - - - -
4265 ML - - - -

CLL-BCL1 unrearr.
4290 MDL + - - -

4690 MDK + - - -

5511 MK + - - -

5523 ML + - - -

4312 MK - - - -
Follicular lymphoma
4564 MK - - - -
1412 GL NA NA NA -
18 GK NA NA NA -

Other
Pre-B-cell
697 M - NA NA -
REH - NA + - -

DLCL - NA NA - -

slg, surface immunoglobulin; M, IgM; G, IgG; D, IgD; L, A light
chain; K, K light chain; NA, not available; unrearr., unrearranged;
rearr., rearrangement; overexpr., overexpression. Plus indicates
that surface markers, rearrangement, or overexpression were de-
tected; minus indicates that they were not detected.
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FIG. 2. Expression of PRAD1. Control tissues were loaded in lanes 1-13, 21, and 22 and are labeled above each lane. Lanes 14-20 contain
RNA from the seven cases of centrocytic lymphoma (CL), case numbers being above each lane. Lanes 23 and 24 contain RNA from the
BCLI-rearranged CLLs 271 and 1386, respectively. Lanes 1 and 2 are from one gel, lanes 3-20 are from a second gel, and lanes 21-24 are from
a third gel. Duplicates of follicular lymphoma (FL) 4564 (gels 1 and 2) and the pre-B-cell line 697 (gels 2 and 3) were loaded to permit direct
comparisons between the three gels. Approximately 7 ,ug of total RNA were loaded into each lane. The filters were probed first with the PRAD1
probe. Arrowhead indicates the location of the normal 4.5-kb PRAD1 transcript, which is distinct from the 28S marker. (Upper) Two-day
exposure of lanes 1 and 2 and a 3-day exposure of lanes 3-24, showing bands in lanes 14-20. Longer exposures show faint bands in lanes 2,
7, 12, 21, and 22, representing the single case of DLCL, one noncentrocytic DSCL, one BCLI-unrearranged CLL, and both examples of
pre-B-cell lymphoma (not shown). (Lower) Same filters probed with a 28S rRNA oligonucleotide probe to control for the amount of high
molecular weight RNA in each lane. Lanes: 1 and 2, 2-hr exposure; 3-20, 1-hr exposure; 21-24, 2-day exposure.

28S 3

1 2

Proc. Natl. Acad. Sci. USA 88 (1991)



Proc. NatL. Acad. Sci. USA 88 (1991) 9641

had DNA rearrangements detectable with BCL1 probe b (Fig.
3). As expected from the reported rarity of such rearrange-
ments in CLL, DLCL, and follicular lymphomas (15, 19, 43),
no BCLI rearrangements were detectable in any of the non-
centrocytic tissues for which DNA was available (10 of 13
specimens). In addition, none of these tissues nor the centro-
cytic lymphomas contained DNA rearrangements detectable
with the PRAD1 cDNA probe (data not shown). No comigra-
tion of any of the rearranged BCLI bands with the immuno-
globulin heavy-chain joining region (JH) bands was present
(not shown), consistent with previous findings of such comi-
gration in only a fraction of centrocytic lymphomas (20, 21) or
IDL (19). Thus, theBCLI rearrangements in these lymphomas
may not be due to a t(11;14) translocation or the chromosome
14 breakpoint may not involve the immunoglobulin JH region.

DISCUSSION
Rearrangement ofBCLI, which occurs rarely in a variety of
B-cell tumors and occurs frequently only in centrocytic
lymphomas, has been postulated to activate a nearby onco-
gene on chromosome 11q13 although, until recently, no
transcribed sequences had been found in its vicinity. PRADJ
is a putative oncogene on 11q13 recently found to be tran-
scriptionally activated by clonal DNA rearrangement in a
subset of parathyroid adenomas (26, 27). Bale et al. (30) and
Lammie et al. (29) have shown that the BCLI region and
PRAD) are within 240 kb of each other. Using electropho-
resis conditions that improve resolution in this size range, we
have narrowed the distance between the two loci to no more
than 130 kb. Even this maximal separation would be close
enough to permit a chromosome rearrangement at BCLU to
deregulate PRADO gene expression (reviewed in refs. 44 and
45). Further, we have demonstrated abundant PRADO
expression in two unusual CLLs with translocation t(11;14)
and BCLI rearrangement and in all centrocytic lymphomas
examined, but in no lymphomas of other histologic subtypes
selected to include B-cell tumors that morphologically re-
semble centrocytic lymphoma and are known to infrequently
or never contain BCLI rearrangement or t(11;14). These data
support the hypothesis that transcriptional activation of
PRAD) may be a basic and consistent molecular finding in
centrocytic lymphoma, probably resulting from BCLI region
rearrangements, not all of which are currently detectable.

In addition, our results provide some justification for the
recognition of centrocytic lymphoma as a more specific bio-
logical entity than either IDL or DSCL. Three overlapping
entities exist in three different lymphoma classifications,
termed variously IDL (Rappaport), DSCL (Working Formu-
lation), and centrocytic lymphoma (Kiel). Of nine cases clas-
sified in the Working Formulation as DSCL, eight of which
could be classified as IDL, only the seven that fulfilled the Kiel

CASE NO' 3233 4487 3093

classification criteria for centrocytic lymphoma overex-
pressed PRADL. Considerable controversy exists over the
optimal method of subclassifying diffuse low- and intermedi-
ate-grade B-cell lymphomas; assessment of PRADI expres-
sion and BCLUIPRAD) area rearrangement may ultimately
provide a biologically meaningful basis to aid in this classifi-
cation.

Interest in PRADI as a likely oncogene has been fueled by
the convergence of several independent lines of evidence.
PRAD) was discovered initially because it was clonally
rearranged adjacent to the transcriptionally active PTH gene
in a subset of parathyroid adenomas (26, 46). This rearrange-
ment is analogous to the juxtaposition and overexpression of
MYC or BCL2 with transcriptionally active immunoglobulin
genes in B-cell lymphoid tumors (reviewed in ref. 1). PRADI,
normally expressed in parathyroid tissue, is dramatically
overexpressed in the tumors with a rearrangement of the
PTH gene and the PRADI region (27). In addition, PRAD)
mapped to chromosome 11q13 (26) and was found to be
consistently amplified in the 15-20% of breast and squamous
cell cancers in which the BCL)-INT2-HST) region of 11q13
is amplified (29). PRAD) expression was easily detectable in
these tumors, in contrast with the generally observed lack of
expression of the other oncogenes. Thus, PRAD) has been
implicated as a candidate cellular oncogene, whose overex-
pression (secondary to rearrangement or amplification) may
contribute to tumorigenesis in several tissues. The abundant
expression ofthe normal-size PRAD1 mRNA, and perhaps of
alternatively processed variants, in every centrocytic lym-
phoma and the rare BCLI-rearranged CLLs is consistent with
the gene's hypothesized role as a direct-acting oncogene. The
normal function ofthe PRADI gene product has not yet been
clarified. However, PRAD1 cDNA encodes a cyclin (28),
which may play a role in regulating key phase transitions in
the cell cycle (28, 47-49).
Apparent overexpression of PRADI in centrocytic lym-

phomas without detectable BCLU rearrangement may be due
to variation in the chromosome 11q13 translocation break-
point. Only about half of these breakpoints may be close
enough to the original BCLU locus to be seen on Southern
blots hybridized with a BCLU major translocation cluster
(MTC) DNA probe. Consistent with this interpretation, two
tumors with breakpoints up to 63 kb away from the MTC have
been reported (16, 50); in addition, three centrocytic lym-
phomas that appeared unrearranged with BCLU MTC probes
revealed rearrangements when probed with a DNA fragment
located 15 kb from the MTC (21). Thus, it seems likely that
as additional probes become available, an increasingly large
proportion of centrocytic lymphomas will prove to have
11q13 rearrangements in this general region. Deregulation
leading to overexpression of PRADI may be the unifying
functional consequence of all such rearrangements.

4628 4911 3923 4706

Bcl Bam BcE Bam Bcl Bam
BCL1 -b

21 Kb - A. .
14Kb * 4

Bcl Bam Bcl Bam Bcj Bam Bcl Bam

-.4 V -w I- j
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FIG. 3. BCLI rearrangements in centrocytic lymphomas. Genomic DNA was isolated from each centrocytic lymphoma and digested
separately with the enzymes BcE I and BamHI. Southern blots were probed with BCL1 probe b. In this resulting autoradiogram, the positions
of the normal-size BcE I band (14 kb) and BamHI band (21 kb) are indicated by lines. Rearranged bands in DNA from tumors 4911, 3923, and
4706 are indicated with arrowheads. In tumor 4911, the size of the rearranged BamHI band is 14.5 kb; in tumor 3923, the sizes of the rearranged
Bc1 I and BamHI bands are 10 kb and 13 kb, respectively; in tumor 4706, the sizes of the rearranged Bcl I and BamHI bands are 10.5 kb and
14.5 kb, respectively. In lymphoma 4911, with a rearrangement detected only in the BamHI digest, the BCLU region breakpoint may lie outside
the 14-kb BcE I fragment, or the rearranged and normal Bcl I fragments may be of equal size. Although some rearranged bands from different
tumors were similar in size, it is unlikely that they represent restriction fragment length polymorphisms (RFLPs) normally found in the human
genome. A recent examination of 120 specimens for RFLPs at the BCLU locus found only one example of a Bcl I polymorphism and no EcoRI,
BamHI, HindIII, Sst I, Pvu II, or Bgi II RFLPs (42).
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At this time, we cannot exclude at least two alternative
hypotheses. Another BCLJ region gene instead of (or in
addition to) PRADI may be deregulated by rearrangement
and critical for tumorigenesis; if so, the abundant PRADI
expression might be pathogenetically irrelevant, whether
induced by the rearrangement or normally present at a
narrow window of lymphoid differentiation. Detection of
PRAD) transcriptional activation in parathyroid neoplasia
with direct clonal PRADJ rearrangement argues against this
alternative, however, and the absence of transcribed se-
quences within the 63-kb length of DNA telomeric to the
BCLU MTC (16, 50) further diminishes this possibility. Also,
PRAD) could be the relevant oncogene, but activating mech-
anisms other thanBCLI/PRAD) region translocation may be
involved in some tumors. Clarification of these issues must
await a more detailed dissection of the BCLI/PRADI ge-
nomic region, plus direct assessment of tumorigenicity of the
PRAD) gene product.
PRADJ has been implicated as a putative cellular oncogene

in subsets of parathyroid adenomas, breast and squamous cell
cancers, and now should be considered a good candidate for
being the actual BCL) region oncogene in lymphoid neoplasia.

Note Added in Proof. It appears that at least one case of CLL with
t(11;14) studied here (no. 1386), from which the BCLI breakpoint
locus was originally cloned, may in fact be a centrocytic lymphoma
with initial leukemic presentation rather than CLL (51); this strength-
ens the association of abundant PRADI expression with this histo-
logic subtype.
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CLL 1386 and cell line FL-1412; to Dr. Peter C. Nowell for
contributing tissue from CLL 271; and to Dr. Stanley J. Korsmeyer
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National Institutes of Health Grant DK11794. C.L.R. is the recipient
of a Postdoctoral/Postresidency Cancer Fellowship from the Amer-
ican Cancer Society, Massachusetts Division, Y.T. is a Leukemia
Society of America Scholar, and A.A. is the recipient of a Faculty
Research Award from the American Cancer Society.
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