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ABSTRACT

Two human B-cell lines carrying a 14;18 chromosome translocation
|t(14;18Xq32;q21)|, designated FL-218 and FL-318, were established
from effusion cells of two Japanese patients manifesting the transformed
histology of follicular lymphoma. The FL-218 and FL-318 cell lines were
composed of cells in the hyperdiploid range, which had two and three or
four 18qâ€”chromosomes, respectively. These 18qâ€”chromosomes were
not distinguishable from an 18q- chromosome derived from t(14;18)
since they exhibited the same banding pattern. Southern blot analysis
revealed that in both cell lines, breakage of the bcl-2 gene occurred
within the major breakpoint cluster region and the truncated gene juxta
posed to an immunoglobulin heavy chain gene locus. The autoradi-
ographic intensity of the retained fragment each on 18qâ€”chromosome

was more enhanced than that of the translocated fragment on 14q+
chromosome. These findings suggest that the extra 18qâ€”chromosome
found in t(14;18)-positive cancer does not arise from de novo independent
id 4; IH) but from duplication of a preexisting 18q- chromosome.

INTRODUCTION

Translocations involving the long arm of chromosome 14 in
B-cell cancer occur primarily at the 14q32 band, the site of the
IgH3 gene locus, which has been identified as being a 14q+

chromosomal marker. We proposed earlier that the 14q in
volvement in translocations may be important for distinguish
ing morphologically different but functionally comparable
subgroups of lymphoid cancer (1,2) and that a 14q+ marker-
positive lymphoid cancer should be phylogenetically and clini
cally divided into subclasses according to the individual trans-
locations (3, 4). Our proposal is strongly supported by the
recent findings in molecular genetics (5) that genes or unknown
DNA sequences have been isolated from the breakpoint on the
partner chromosome involved in the 14q+ translocation and
that the DNA sequences have been identified to juxtapose to
the IgH gene locus accompanied by the individual translocation
(6-13).

Karyotype evolution of 14q+ marker-positive lymphoid can
cer has been well studied in the two subclasses, t(8;14)(q24;q32)
and t(14;18)(q32;q21). In a group of t(8;14)-positive cancers, a
partial trisomy for 1 q (+lq) constitutes a "major route" of the

karyotype evolution (14), which is absent in endemic t(8;14)-
positive Burkitt's lymphoma affecting African children. A

group of t(14;18)-positive cancers is prevalent in the United
States (15-19), a subclass which is not as common in Japan
(20, 21). We have found that an extra 18qâ€”chromosome could
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constitute the peculiar karyotype evolution in Japanese
t(14;18)-positive cancer (22).

In this study, we established and characterized two t(14;18)-
positive lymphoma cell lines carrying multiple 18qâ€”chromo

somes. It was found that DNA from these cell lines showed an
amplified and rearranged bcl-2 fragment retained on chromo
some 18. This report suggests that an extra 18qâ€”chromosome
in t(14;18)-positive cancer could be the result of duplication of
a preexisting 18qâ€”chromosome derived from t(14;18).

MATERIALS AND METHODS

Case Report and Cell Culture. A 73-year-old Japanese female noted
generalized lymph node swelling and an abdominal tumor in August
1986. The diagnosis of inguinal lymph node biopsy in September 1986
(Ref. 22, case 7) was established as follicular small cleaved cell lym
phoma, having diffuse areas composed of mixed small and large cells,
according to the New Histologie Formulation (23). Peritoneal effusion
developed, and her condition rapidly deteriorated despite combination
chemotherapy. In January 1987, she died of interstitial pneumonitis.
The peritoneal effusion cells collected in September 1986 were cultured
in RPMI 1640 supplemented with 20% fetal calf serum.

The second patient (Ref. 22, case 5) was a 67-year-old Japanese male
who had previously been diagnosed as having follicular small cleaved
cell lymphoma. After the indolent course of 90 months, he manifested
a rapidly growing abdominal mass accompanied by the development of
ascites, and he died in February 1987. The autopsied abdominal tumor
revealed diffuse large cell lymphoma. Culture of the effusion cells was
established in January 1987.

Cell Surface Marker Analysis. Cells were examined by the rosette
assay for sheep erythrocyte receptors and receptors for the Fc portion
of IgG (Fc7 receptor). Surface immunoglobulin were assayed by direct
immunofluorescence using fluorescein isothiocyanate-labeled anti-hu
man immunoglobulin antibodies. Reactivities with monoclonal anti
bodies were tested by the indirect immunofluorescence method. Mono
clonal antibodies used in this study were OKIa-1 for the HLA-DR
antigens, Bl (Coulter, Hialeah, FL), B2 (Coulter), B4 (Coulter), J5 for
common acute lymphoblastic leukemia antigens (24), WT-1 (25), and
Leu-1 (Becton-Dickinson, Mountain View, CA). Epstein-Barr virus
nuclear antigen was tested according to the method of Reedman and
Klein (26).

Cytogenetic Analysis. Metaphase preparations obtained after expo
sure of cells to 0.05 /jg/ml of Colcemid for l h were treated with 0.075
M KC1 for 20 min and then fixed with methanol:acetic acid (3:1).
Chromosomes were banded by the trypsin-Giemsa method. Karyotypes
were described according to the short system for designating structural
chromosomal aberrations according to the International System for
Human Cytogenetic Nomenclature (1985) (27).

Southern Blot Analysis. High molecular weight genomic DNA ex
tracted from cells was digested with appropriate restriction endonu-
cleases, separated in 0.7% agarose gel, denatured in alkali, and trans
ferred to a nylon membrane (Biodyne, Glen Cove, NY). The filter was
hybridized with a nick-translated probe in a solution of 50% formamide,
5x Denhardt's solution, 5x SSC, 0.1% SDS, 50 mM Tris-HCl(pH 6.5),
and heat-denatured salmon sperm DNA (250 Â¿ig/ml)at 42Â°Cfor 24 h.
The filter was washed in 2x SSC-0.1% SDS at room temperature and
then in O.lx SSC-0.1% SDS at 50Â°C.Autoradiography was done at
-70Â°Cwith intensifying screens.
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AMPLIFIED AND REARRANGED bcl-2 IN I(I4;I8)

DNA Probes. Two DNA probes, named probe b and pFL-2, were
used for detecting rearrangements of chromosome 18-specific DNA
(bcl-2 gene). Probe b is a 2.8-kilobase Sst\-Hind\\\ DNA fragment

from chromosome 18 (Fig. 1) (28, 29). provided by Dr. C. M. Croce
(Wistar Institute, Philadelphia, PA) that spans the major breakpoint
cluster region, where the majority of detectable t(I4;18) breakpoints
occur. pFL-2 is a DNA fragment from chromosome 18, provided by
Dr. J. Sklar (Stanford University, Stanford, CA) (30), and the probe
can detect most t(14;18) translocations which do not fall within the
major breakpoint cluster region (18). The JH gene probe used was a
3.4-kilobase EcoRl-Hind\\\ DNA fragment of the joining region of the
IgH gene, provided by Dr. T. Honjo (Kyoto University, Kyoto, Japan)
(31).

RESULTS

Establishment of the FL-218 and the FL-318 Cell Lines. After
4 weeks of primary cell culture the effusion cells from the first
patient with follicular lymphoma and the second with diffuse
lymphoma showed definite proliferation, and the established
cell lines were designated FL-218 and FL-318, respectively.
FL-218 cells were small to medium and grew in suspension
forming loose clumps. FL-318 cells were medium to large and
grew in a single cell suspension. Cells of both cell lines had a
doubling time of 36-48 h. Surface marker profile of the FL-
218 and the FL-318 cells is similar to the corresponding paren
tal cells (Table 1). The FL-218 and FL-318 cells were positive
for HLA-DR, Bl, and B4, and they were negative for erythro-
cyte rosette formation, Leu-1, and WT-1. The FL-218 cells had
monoclonal immunoglobulin (L, G) on the cell surface and
expressed the J5 antigen only to a limited degree. The FL-318
cells had monoclonal surface immunoglobulin (K. M) and ex
pressed the J5 antigen. Both the FL-218 and the FL-318 cells
were negative for Epstein-Barr virus nuclear antigen.

_L n ffl i i T
~20kb

pFL 2

10kb

T Bam HI

ÃŽEcoRI

I Hind III

I Sst-l

Fig. 1. Partial restriction map of the germ line DNA (bcl-2 gene) structure of
chromosome 18 band q21. Left heavy line under chromosome 18, probe b, which
is one of the major breakpoint cluster region probes; right heavy line, pFL-2
probe, which defines a minor breakpoint cluster region, kh. kilobases.

Table 1 Immunological markers of FL-218 and FL-318 cells

FL-218(%)MarkersErythrocyte

rosetteFc,
receptorHLA-DR
(OKla-1)Surface
immunoglobulinKLMGADCDI9(B4)CD20(B1)CD21

(B2)CD10(J5)CD5

(Leu-1)CD7(WT-1)Epstein-Barr

virusnuclearantigenParental

cells220750160700NT"86NT110NTCellline009709409700969408000FL-318(%)Parentalcells109082230400091720130NTCellline02199820880008294065000'

NT. not tested.

Cytogenetic Studies. The FL-218 and FL-318 cell lines were
composed of cells in the hyperdiploid range, with a modal
number of 47 and 51 chromosomes, respectively. Banded kar-
yotypes of the FL-218 and the FL-318 cells were similar to
those of the parental cells but with minor differences. Twenty
cells from the FL-218 cell line were analyzed. Each of these
cells showed a gain of one chromosome 12 and loss of one
chromosome 18, and they had four common marker chromo
somes (Fig. 2), lOq-, 14q+, and 2x18q-. In the FL-318 cell
line, all of the 20 cells analyzed showed a gain of one of each
of chromosomes 7, 13, and 15, and 12 of these cells had 6
common marker chromosomes (Fig. 3): 2pâ€”, 14q+, 15qâ€”,
2x18qâ€”,and i(18qâ€”).The remaining 8 cells lacked one of the
two 18qâ€”chromosomes, as well as the parental cells. In both

cell lines, a 14q+ marker chromosome with an additional band
at the end of a normal chromosome 14 was the result of a
reciprocal translocation between the long arms of chromosome
14 and 18 [t(14;18)(q32.3;q21.3)]; however, the resulting 18q-
chromosome was not discriminated from other 18qâ€”chromo
somes, including an 18q- isochromosome found in the FL-318

cells, since they displayed the same banding pattern.
Southern Blot Analysis. Fig. 4 shows representative results of

Southern blot analysis of DNAs from the FL-218 and the FL-
318 cells. When the DNAs were digested each with BamHl and
Hindlll, probe b detected two rearranged fragments of a bcl-2
gene. The FL-218 cells did not display the germ line form,
which was found in the FL-318 cells. The pFL-2 probe did not
detect any rearranged bcl-2 fragments in both cell lines (Fig. 5).
These findings were verified by the hybridization after digestion
by other restriction enzymes such as EcoRI and Sstl, and after
long exposure of the autoradiograms, no additional rearranged
fragments were found under these conditions. This indicates
that breakage of the bcl-2 gene in these two cell lines occurred
within the major breakpoint cluster region and suggests that
the intact bcl-2 gene locus was eliminated from the FL-218
cells, in which a normal chromosome 18 was missing. The JH
probe detected two rearranged fragments in the FL-218 and the
FL-318 cell lines, and one of the rearranged fragments hybrid
ized with probe b, indicating that the truncated part of a bcl-2
gene on chromosome 18 juxtaposed to the IgH gene locus on
chromosome 14. The size of all the rearranged fragments of
these genes in both cell lines was identical to that of the
corresponding parental cells (Fig. 4A).

Amplification of Rearranged bcl-2 Fragment. In all digests
with BamHl, Hindlll, EcoRI, and Sstl of the FL-218 and FL-
318 cells, the rearranged Â¿>c/-2-containingfragment that did not
comigrate with a rearranged JH-containing fragment was au-
toradiographically more intense than the comigrating fragment
of the 14q+ chromosome (Fig. 4). The preferential transfer of
the smaller rearranged fragment is possible in some blots;
however, the enhanced hybridization of a longer fragment is
observed in the Sstl digest of FL-218 and FL-318, as well as in
the Hindlll and EcoRI digests of FL-318. On a blot of the
Hindlll digest in the FL-218, having two rearranged fragments
of a bcl-2 gene which are close in size, the densitometric
measurement demonstrated that the intensity ratio of the rear
ranged fragment between the 18qâ€”and 14q+ chromosomes

was almost 2:1. These findings indicate that the rearranged
fragment of the bcl-2 gene which was retained on 18qâ€”chro
mosome is amplified in both cell lines.

DISCUSSION
Two B-lymphoma cell lines carrying a t(14;18)(q32;q21)

chromosome translocation, designated FL-218 and FL-318,
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Fig. 2. G-banded karyotype of the FL-
218 cell line. The modal karyotype is
47,XX,+ 12,-18,del(10)(q23.2q24.3),t(14;18)-
(q32.3;q2l.3),+ l8q-. /Â«mm', I4q+ chromo-
some; arrowheads, 18qâ€”chromosomes.
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Fig. 3. G-banded karyotype of the FL-
318 cell line. The modal karyotype is 51,
XY,+7,+ 13,-H 5,del(2)(p2 1p23),t( 14; 18)-
(q32.3;q21.3),del(15)(ql3ql5), + 18q-,
+ i(18q-)./lrr<w. 14q+ chromosome; arrow-
heads, 18qâ€”chromosomes.
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Fig. 4. Southern blot analysis of genomic DNAs extracted from the FL-218. the FL-318, and each of the parental cells. Human placenta DNA was used as control.

Approximately 2 m of DNAs were digested with BamHl (A), Ssll (B), Hindlll (C). and EcoRl (D), respectively, and serial hybridization with "probe b" and JH
probe was performed. A, Lane I, human placenta; Lane 2, parental FL-218 cells; Lane 3, FL-218 cells; Lane 4, parental FL-318 cells; Lane 5, FL-318 cells. B-D,
Lane I, human placenta; Lane 2, FL-218 cells; Lane 3, FL-318 cells. All rearranged fragments of the bcl-2 and JH genes in both cell lines were in the same size as
those of each the parental cells, such as shown in f Arrowheads, comigration of a rearranged bcl-2 fragment with a rearranged JH fragment, representing the
breakpoint on the 14q+ chromosome. Asterisks, rearranged bcl-2 fragments which were retained on the 18qâ€”chromosomes. Both in the FL-218 and the FL-318 cells,
the rearranged bcl-2 fragments on 18qâ€”chromosomes are more intense as compared with the rearranged fragments on 14q+ chromosomes, kb, kilobases.
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AMPLIFIED AND REARRANGED bcl-2 IN 1(14:18)
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Fig. 5. Southern blot analysis using pFL-2 probe. Lanes 1, 2, and 3, human

placental DNA. FL-218 DNA. and FL-318 DNAs, respectively. After digestion
each with Hind\\\ and EcoR\. both of the FL-218 and the FL-318 cells showed
germ line configuration.

were newly established each from two Japanese patients, who
were categorized as having transformed histology of follicular
lymphoma (32). In both cell lines, the clonal origin of each cell
line was demonstrated by the cytogenetic findings and the
surface marker profiles and confirmed by the identical rear
ranged configuration involving bcl-2 and IgH genes found in
DNA samples from the parental tumor cells and the established
cell line.

In this study, combining the cytogenetic and the molecular
analysis on the two established lymphoma cell lines, we were
able to address the nature of the origin of the extra 18qâ€”

chromosome that constitutes the peculiar karyotype evolution
in Japanese t(14;18)-positive lymphoma (22). Southern blot
analysis using two chromosome 18â€”specific DNA probes and
a JH probe indicated that in the FL-218 and FL-318 cells
having multiple 18qâ€”chromosomes, rearrangement of the bcl-

2 gene on chromosome 18 occurred within the major breakpoint
region containing the 150-base pair cluster site (33). One of the
two rearranged bcl-2 fragments comigrated with a rearranged
JH fragment, indicating that the comigrated fragment is on the
14q+ chromosome, and another represents a part of the bcl-2
gene retained on the 18qâ€”chromosome. The amplified and

rearranged fragment that did not comigrate with a rearranged
JH-containing fragment was interpreted as being attributable
to the multiple 18qâ€”chromosomes, from which fragments of

identical size resulted. The interpretation is reinforced by the
findings that no other rearranged fragments were detected even
after long exposure, suggesting that independent t(14;18)s did
not occur in either cell line. Thus, the extra 18qâ€”chromosome
found in the FL-218 and FL-318 cell lines carrying a

t(14;18)(q32;q21) is not the result of a nondisjunction error of
a de novo t(14;18) but of the duplication of a preexisting 18q-

chromosome.
DNA segments of protooncogenes involved in chromosomal

aberrations such as extrachromosomal double minute chromo
somes, homogeneously staining regions, and abnormally
banded regions have been observed as being tandemly and
repeatedly amplified (34-41). In spite of the difference in chro
mosomal aberrations, amplification of the oncogenes is com
mon in context of the germ line form. Independent of germ line
amplification, Collins (42) found amplified and rearranged c-
flÂ¿>/-relatedfragments in several patients with CML blast crisis
exhibiting multiple Ph1 chromosomes, and he showed that these
additional Ph1 chromosomes in blast crisis cells do not arise

from de novo independent 9;22 translocations but rather result
from a duplication of the preexisting Ph' chromosome. Thus,
genesis of an extra 18qâ€”chromosome in t(14;18)-positive lym
phoma completely coincides with that of the extra Ph1 chro

mosome in t(9;22)-positive CML.
In the Fifth International Workshop on Chromosomes in

Leukemia/Lymphoma (43), an extra 18qâ€”chromosome found
in 6 of 57 patients with t(14;18)-positive lymphoma has been
described as being of the most common structural changes, and
we reported that the extra 18q-, together with other abnor

malities, was closely associated with the advanced grade disease
in Japanese patients (22). These findings suggest that amplifi
cation of the bcl-2 gene truncated on chromosome 18 could
play some role in transformation of follicular small cleaved cell
lymphoma carrying t(14;18). However, the 3' tail of the bcl-2

gene truncated within the major breakpoint cluster region and
retained on the 18qâ€”chromosome possesses no coding region
(44), and the Ph1 chromosome has the reading frame of the
chimeric c-abl/ber gene (45-47), accompanied by t(9;22) trans-
location, which has been recognized to play a crucial role in the
pathogenesis of CML. In this regard, duplication of 18qâ€”
chromosome is in contrast with that of Ph1 chromosome.
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