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Abstract

Wereport a case of untreated non-Hodgkin's lymphoma with
histologic progression over 1 yr from a low-grade, small
cleaved follicular center cell lymphoma to a high-grade, small
noncleaved follicular center cell lymphoma. Both lymphomas
had identical immunoglobulin (Ig) heavy-chain joining gene
(JH), kappa light-chain joining gene, and bcl-2 gene rearrange-
ments, indicating the clonal identity of the two tumors. The Ig
heavy chain locus on one chromosome 14 was involved in an
initial t(14; 18) translocation as shown by comigrating JH and
bc1-2 rearrangements. However, the oncogene c-myc was in the
germline configuration in the initial lymphoma but had one
allele rearranged near the 3' end of exon I in the high-grade
tumor; DNAsequence analysis was consistent with a chromo-
somal breakpoint at that site. The presence of the c-myc rear-
rangement in the high-grade tumor suggests a role for c-myc in
the clonal evolution of the low-grade tumor into a more ag-
gressive lymphoma. The coexistence of both bcl-2 gene and
c-myc oncogene rearrangements in the same tumor is unusual,
with only a few cases reported. Furthermore, this case is
unique in the direct demonstration of the histologic and clinical
progression of a human lymphoma associated with the sequen-
tial rearrangement of the bcl-2 gene and the c-myc oncogene.

Introduction

The clinical and histologic transformation of malignant lym-
phoma from a low- to a high-grade tumor is well described (1,
2). In some cases the aggressive tumor has been shown to arise
from its indolent predecessor by immunophenotypic, cytoge-
netic, or gene rearrangement studies (2-5). However, the criti-
cal molecular events associated with this histologic and clinical
transformation remain unknown. Recent findings implicate
the activation of certain oncogenes in lymphoma pathogene-
sis, often in association with specific chromosomal transloca-
tions (6, 7). The translocation t(14; 18) is found in up to 85%of
follicular lymphomas and results in rearrangement of the pu-
tative oncogene bcl-2 (8-1 1). This rearrangement also occurs
less commonly in some diffuse high-grade lymphomas
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(11-13). Small noncleaved follicular center cell malignant
lymphomas (Burkitt's type) typically have rearrangement of
the c-myc oncogene, usually associated with a t(8; 14) translo-
cation (6). A composite lymphoma has been reported in which
both the low- and high-grade components had an identical
bcl-2 rearrangement, but only the high grade component had a
rearrangement of the c-myc oncogene ( 14). This suggests that
the low-grade lymphoma with a bcl-2 rearrangement acquired
a second translocation resulting in the activation of c-myc,
contributing to the transformation to a high-grade lymphoma.

Wereport a patient with the sequential transformation of a
small cleaved follicular center cell lymphoma into a small
noncleaved follicular center cell lymphoma, and provide evi-
dence for clonal identity by both immunophenotype markers
and gene rearrangement analysis. Both lymphomas carry the
same bcI-2 gene rearrangement; in addition, the small non-
cleaved follicular center cell lymphoma acquired a rearrange-
ment of the c-myc oncogene, suggesting an important role for
c-myc in the progression of this tumor.

Methods
Case report. A 50-yr-old black womandeveloped a 2-cm skin nodule
above her right eye in May 1986. Physical examination showed no
peripheral lymphadenopathy or other skin lesions. A biopsy of the
nodule showed small cleaved follicular center cell malignant lym-
phoma (Fig. 1). A bone marrow biopsy was also involved with small
cleaved follicular center cell lymphoma. A computed tomographic
scan of the abdomen showed mesenteric and retroperitoneal adenopa-
thy with the lymph nodes measuring up to 3 cm. She had no systemic
symptoms and was treated only with radiation therapy to the perior-
bital skin mass with complete resolution of the lesion.

1 yr after initial presentation she developed generalized lymphade-
nopathy with a rapidly enlarging left axillary lymph node, night sweats
and fevers, without the presence of skin lesions. Her LDH increased
from 539 to 4,565 U/liter (normal 230-450). Biopsy of a 5-cm axillary
lymph node showed malignant lymphoma, small noncleaved follicular
center cell (Fig. 1).

She received five cycles of cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP) chemotherapy with a complete reso-
lution of her symptoms and adenopathy. She remains in clinical com-
plete remission 12 mo since completing chemotherapy.

Morphologic and immunophenotypic studies. Fresh biopsy tissue
was immediately fixed in 10% formalin for paraffin and plastic em-
bedding. 4-,gm-thick sections were cut and stained with hematoxylin
and eosin. Additional sections were processed for immunoperoxidase
studies using an avidin-biotin-complex and 3,3'-diaminobenzidine
(DAB) substrate as previously described in detail (15).

Primary antibodies to kappa and lambda light chains (Tago, Inc.,
Burlingame, CA) and to immunoglobulin heavy chains IgM, IgD, IgA,
IgG, and IgE (DAKO Corp., Santa Barbara, CA) were used. Sections
stained with nonrelevant antibodies and with buffer substitution for
primary antibody served as negative controls. Positive control sections
of normal adenoid tissue were stained with each of the study anti-
bodies.

DNAstudies. Tissue samples from the skin biopsy and lymph node
biopsy were snap-frozen in liquid nitrogen vapors and stored at
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-70'C. Southern blot analysis was performed using standard proce-
dures. 5-,gg aliquots of purified DNAwere digested under recom-
mended conditions with a panel of restriction endonucleases (Bethesda
Research Laboratories, Bethesda, MD). The resulting DNAfragments
were size-separated in 0.7% agarose gels and transferred onto nylon
membranes (Zeta Probe; Bio-Rad Laboratories, Richmond, CA) using
the alkaline transfer modification of the method of Southern (16, 17).
The blots were serially hybridized with 32P-labeled probes from the Ig
heavy-chain joining genes (JH), the kappa light-chain joining genes
(JK), the T cell receptor gammachain joining genes and the T cell
receptor beta chain constant gene (Oncor, Gaithersburg, MD). Other
probes included a 2.5-kb BamHI-Hind III probe for the Ig kappa light
chain deleting element and a 1.5-kb Hind III-Eco RI fragment from the
bc1-2 gene at the chromosome 18q2 1 breakpoint of the t( 14; 18) trans-
location found in many follicular lymphomas (10,18; both kindly pro-
vided by Dr. Stanley Korsmeyer, Washington University School of
Medicine, St. Louis), a 1.8-kb Cla I-Eco RI fragment containing the
third exon of human c-myc and a 3.0-kb Hind III-Xba I c-myc exon I
fragment (subcloned from human c-myc pMC41, kindly provided by
Dr. Takis Papas, National Cancer Institute, Bethesda), a 0.6-kb human
muconstant gene cDNA(kindly provided by Dr. Leroy Hood, Califor-
nia Institute of Technology, Pasadena), a 6.6-kb Bam HI-Hind III
probe from the human IgG4 locus and a 2.6-kb BamHI probe from the
human IgE constant (Ec) gene (19, 20; both kindly provided by Dr.
Philip Leder, Harvard Medical School, Boston). All probes were gel
purified from their plasmid vectors before radiolabeling with 32P-nu-
cleotides by the random primed method using a reagent kit (21;
Boehringer Mannheim Biochemicals, Indianapolis, IN). Hybridiza-
tion, autoradiography, and rehybridization were performed as pre-
viously reported (22). Gene rearrangement was determined by the
presence of nongermline bands on autoradiograms as compared to
placental control DNA.

DNAsequence analysis to further characterize the rearranged
c-myc gene was performed by constructing a BamHI genomic library
from high-grade tumor DNA in the Lambda Gem-il bacteriophage
cloning vector, a derivative of EMBL-3 (Promega Biotec, Madison,
WI). The library was screened with the c-myc exon III probe; a Bam
HI-Xba I fragment from a positive clone was subcloned into M13
sequencing vectors using MP18 and MPl9 primers. The DNAse-
quence of the 368-bp BamHI-Xba I fragment containing the break-
point was determined by the dideoxynucleotide chain-termination
method (23; SEQUENASE;U. S. Biochemical Corp., Cleveland, OH).

Results

Histology and immunopathology. H and E histologic sections
(Fig. 1) were examined and classified using the criteria and
terminology of the Lukes-Collins system (24, 25). The small
cleaved follicular center cell lymphoma has been designated as
low grade and the small noncleaved follicular center cell lym-
phoma as high grade based on prognostic characteristics of
these neoplasms (26). Immunologic studies identified both the
low- and high-grade lymphomas as B cell lesions monoclonal
for Ig kappa light chain. Immunoglobulin heavy chains were
not detected in tumor cells from either the low- or high-grade
lesions.

DNAstudies. The results of Southern blot analysis with the
JH and bc1-2 probes are shown in Fig. 2. DNAfrom the low-
grade tumor showed a single rearranged JH band that comi-
grated with the single rearranged bcl-2 band, consistent with
the presence of the translocation t(14; 18) (10). These same
rearranged JH and bcl-2 bands are present in the high-grade
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Figure 1. Photomicrographs of the initial periorbital skin lesion showing small cleaved cell malignant lymphoma (A) and the subsequent axil-
lary lymph node biopsy showing small noncleaved cell malignant lymphoma (B). Hematoxylin and eosin, X250; insets, X500.
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Figure 2. Southern blot autoradiogram from low- and high-grade
lymphomas using immunoglobulin heavy chain joining gene (JH)
and bcl-2 gene probes. The high-grade tumor carries the same JH and
bcI-2 rearrangement (arrows) as does the low-grade tumor; an addi-
tional JH rearrangement is present in the high-grade tumor. Germline
band positions are indicated by dashes. Restriction enzymes included
Eco RI (E), Hind III (H), and a combination of BamHI and Hind
III (B/H).

tumor, indicating the derivation of this tumor from the low-
grade tumor clone. A second JH band is present in the high-
grade tumor, indicating rearrangement of the heavy-chain al-
lele not involved by t( 14; 18). Analysis with the JK probe
showed a single identical rearranged band in each tumor, again
demonstrating their derivation from the same clone. The
kappa deleting element gene was in germline configuration in
both tumors, as were the T cell receptor gammaand beta chain
genes (data not shown).

Hybridization analysis with the c-myc exon III probe
showed the acquisition of a c-myc rearrangement in the high-
grade tumor (Fig. 3). Restriction mapanalysis using the exon I

probe with Pvu II and Sac I restriction enzymes in addition to
those enzymes shown in Fig. 3 (data not shown) localizes the
breakpoint of this rearrangement near the 3' end of exon I (Fig.
4). Because c-myc translocations in high-grade B cell lym-
phomas frequently involve the Ig heavy chain genes on chro-
mosome 14 (6), restriction analysis of these loci was per-
formed. The low-grade tumor showed a germline mu, IgG4,
and Ec heavy chain gene configuration, whereas the mu con-
stant genes were deleted from the high-grade tumor DNA. It is
possible that mu deletion(s) were present in the low-grade
tumor as well but could not be detected due to the high per-
centage of nontumor cell DNAin that sample, as shown by the
relatively faint rearranged versus germline bands with the JH
and bcl-2 probes (Fig. 2). The lack of identifiable IgM, IgG, or
IgE heavy chain rearrangement and lack of expression of any
heavy chain class by immunophenotyping studies raises the
possibility that the signal for kappa gene rearrangement oc-
curred during the t(14; 18) translocation, thus allowing kappa
light chain expression in the low-grade tumor in the absence of
detectable heavy chain expression. A rearranged band and
multiple deletions were observed in the high-grade tumor with
the IgG4 probe; an Ec rearrangement was also noted in this
tumor. The rearranged Ec and c-myc exon III bands comi-
grated on both Eco RI and Hind III digests, suggesting their
coexistence on the same DNAsegment.

DNA sequence analysis. To specifically locate the c-myc
breakpoint, and to identify the apparent adjacent transloca-
tion sequence, a 368-bp Bam HI-Xba I subclone containing
the c-myc breakpoint was sequenced (Fig. 5). Comparing this
sequence to a previously published c-myc exon I and 5' first
intron sequence (27), a breakpoint was identified within an
Sac I site 383 bp downstream from exon I. The sequence con-
tained 247 bp of the first c-myc intron, from the Sac I to the
Xba I sites. Unfortunately, only 121 bases from the upstream
BamHI site to the breakpoint were obtained from this clone;
no clearly homologous human gene sequences were identified
by a nucleic acid data base search (28; GenBank; Intelligene-
tics, Mountain View, CA).

Discussion
High Grade

c-myc,exon m

B E H X Bg B E H X Bg

Figure 3. Southern blot autoradiogram using the c-myc exon III
probe, showing rearrangements (arrows) in the high-grade tumor.
Restriction enzymes include BamHI (B), Eco RI (E), Hind III (H),
Xba I (X), and Bgl II (Bg).

This patient demonstrated the clinical and histologic progres-

sion of a low-grade small cleaved cell lymphoma into a high-
grade small noncleaved cell lymphoma over a 1-yr period of
observation without systemic antitumor therapy. The most
commontype of transformation of low-grade lymphomas is to
a diffuse large cell lymphoma; progression to a small non-

cleaved cell lymphoma is uncommon (1, 2). The high-grade
tumor was shown to have evolved from the low-grade tumor
by virtue of identical rearranged JH, bcl-2, and JK bands on

Southern blot analysis. Both tumors showed comigration of a

rearranged JH band with the rearranged bcl-2 band consistent
with a t(14; 18) chromosomal translocation (10). The high
grade tumor had additionally acquired a rearrangement of the
c-myc oncogene. Although rearrangement of the bcI-2 gene
and c-myc oncogenes are among the most common genetic
alterations in human B cell lymphomas, their coexistence in
the same tumor clone has been reported only occasionally ( 14,
29, 30).

Rearrangement of the bcl-2 gene on chromosome 18
occurs in the majority of follicular non-Hodgkin's lym-
phomas, moving it adjacent to the Ig heavy chain locus on
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Figure 4. Partial restriction map of the
human c-myc locus illustrating exons I, II,

B and III (black boxes) and the exon I and III

J.. 3. probes utilized for analysis. The pattern of
c-myc rearrangements (see Fig. 3 and text)
places a breakpoint near the 3' end of exon
I. Restriction enzymes as indicated in Fig.
3; C, Cla I.

chromosome 14. It also occurs in diffuse lymphomas but is less
common (12, 13). The function of the protein product of this
gene is unknown, but it is expressed in increased amounts in
lymphomas that have the bcl-2 gene rearrangement (31-33).

Recent studies of patients with follicular lymphomas and
the t(14; 18) have shown a correlation between increasing clin-
ical aggressiveness and higher histologic grade with the pres-

ence of additional chromosomal abnormalities (4, 34). Yunis
et al. have proposed a model for the evolution of t(l 4; 18)
positive follicular lymphomas that involves the successive ac-

cumulation of certain recurrent genetic defects (4). In light of
this proposal, it is of great interest that this patient acquired a

rearrangement of c-myc in association with the transformation
to a high-grade lymphoma, suggesting a pathogenic role for
this oncogene in the tumor's progression. This is the first direct
demonstration of successive oncogene rearrangements to be
shown in sequential lymphoma tissue samples.

Translocations involving the c-myc locus on chromosome
8q24 are present in 45% of high-grade lymphomas and 10% of
intermediate-grade lymphomas but are rare in low-grade lym-
phomas (7). The c-myc translocation is present in almost all
cases of small noncleaved cell (endemic Burkitt's) lymphoma,
with 90% of these having the t(8; 14) translocation and the
remainder having a t(2; 8) or t(8;22) translocations. Each of
these translocations results in the juxtaposition of c-myc and
an Ig gene locus (chromosome 14, heavy chain; chromosome
2, kappa light chain; chromosome 22, lambda light chain). In
other small noncleaved cell lymphomas (sporadic [nonen-
demic] Burkitt's and Burkitt-like) c-myc is often translocated

1iQiQtA I{tGATGGCCGGITCATI1U1TCTGGGCCI IICbCCACAATI WDAC3:IC,
BamHi

CAGGGCGGCTCCCAGGGCCCCCATTCCCCCACCAGMGCTGl7GCTCAGC

I c-myc
CACTATCATCAGGCTGGGCGCAICTCCTGGAGTAGGGACCGCATATCGC

Sac

CTGTGTGAGCCAGATCGCTCCGCAGCCGCTGACTrGTCCCGTCTCCGGGA

(C)
GGGCATTAMAA1TrrCGGCTCACCGCA-TrCTGACAGCCGGAGACGGACAC

TGCGGCCGGTCCCGCCCGCCTGTCCCCGCGGCGATTCCAACCCGCCCTGA
(GC)

50

100

150

200

250

300

mT 350

AAAACCTGGGTCTCTAGA 368

Xba

Figure 5. DNAsequence of a 368-bp BamHl-Xba I fragment from
the high-grade tumor DNAcontaining the chromosomal breakpoint
(vertical arrow) in a Sac I site of the first c-myc intron. Variations
from a previously reported first intron sequence are shown in paren-

theses (27).

into one of the Ig heavy chain loci, apparently during an abor-
tive attempt at heavy chain class switching (6). Detailed molec-
ular analysis has shown that this translocation uses switch-ho-
mologous sequences flanking c-myc (6). The c-myc breakpoint
in these cases usually occurs in the 5' portion of c-myc,
disrupting exon I or its immediate flanking sequences (6).
Such translocations can therefore be detected using appro-
priate c-myc probes in Southern blot analysis. Unfortunately,
in this case restriction analysis with multiple Ig and c-myc
probes as well as DNAsequence analysis of the c-myc break-
point have thus far failed to clearly establish whether a deletion
or translocation event accounted for the observed c-myc rear-

rangement.
Mufti et al. first reported coexisting t(8; 14) and t(14; 18)

translocations in a young man with acute lymphoblastic leu-
kemia (35). Pegoraro et al. described a cell line from a patient
with acute B cell leukemia that had both a t( 14; 18) and t(8; 14)
chromosome translocation (29). This same group more re-

cently reported a case of pre-B cell leukemia with a t(8; 14) and
a t( 14; 18) translocation in a patient previously diagnosed with
a follicular, small cleaved non-Hodgkin's lymphoma (30). In
both cases they postulated an initial t(14; 18) translocation that
resulted in a rearrangement of the bcl-2 oncogene and clonal
expansion of a low-grade tumor. A second translocation in-
volving t(8; 14) may have then resulted in activation of the
translocated c-myc oncogene, causing progression to a high
grade malignancy. Recently, a clinical case supporting this
sequence was described in a composite lymphoma in which a

follicular small cleaved cell lymphoma had interfollicular
areas infiltrated by TdT-positive lymphoblasts (14). After sep-

aration of the two cell types by a FACSit was shown that both
components had identical JH, kappa light chain, and bcl-2
rearrangements, but only the TdT-positive lymphoblasts had a

c-myc rearrangement. Karyotype analysis from peripheral
blood cells showed both t(14; 18) and t(8; 14) translocations.

Only a few other cases have been described in which there
was sequential genetic analysis of a low-grade lymphoma
transforming into a more aggressive lymphoma, and these
have not shown the acquisition of a t(8; 14) translocation or a

c-myc rearrangement. In the study by Yunis et al. of 71 pa-
tients with a t(14; 18) translocation, 4 patients who had minor
subclones by karyotype analysis underwent histologic progres-
sion with the minor clones becoming predominant (4). In an-

other study of 64 patients with a t(14; 18) translocation, one

patient changed from a follicular small cleaved cell to a diffuse
large cell lymphoma that had an additional chromosome 7. A
second patient acquired a t(1; 1)(q23;q24) translocation with
the progression of a follicular small cleaved cell lymphoma to a

follicular large cell lymphoma (34). More recently, a patient
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was reported to develop Burkitt's lymphoma 15 yr after diag-
nosis of follicular large cell lymphoma (36).

The study of neoplasms with the sequential acquisition of
genetic abnormalities provides insight into the genetic events
controlling their behavior and histology. There are a wide vari-
ety of secondary genetic changes that can potentially alter the
behavior of neoplasms, and consistent patterns of these are
now being described in some tumors (37, 38). Identifying these
changes and understanding how they function to alter cell
behavior may lead to more effective antitumor therapies.
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