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Abstract

The development of a cell culture system efficient in the estab-
lishment of lymphoma cell lines has made it possible to dissect
basic biological and molecular aspects of lymphoma cells. We
have established a lymphoma cell line from a patient with B cell
lymphoma. The cell line has a complex karyotype with translo-
cations involving bands 8q24, 14q32, and 18q21. Molecular
analysis revealed that the Myc gene was rearranged; we were
unable to demonstrate rearrangement of the Bcl-2 gene. Evalua-
tion of the structure of the heavy chain Ig genes revealed that
the cell line carried the same rearrangements as the cells from
which the cell line was derived. The pattern of rearrangement,
however, was unusual in that there were at least four
rearranged bands when DNAcut with HindIII was probed with
a fragment of the heavy chain joining region. To further charac-
terize the cell line, subclones were derived. Individual sub-
clones had the same pattern of rearrangement as the parent cell
line. The results of these studies provide evidence that multiple
rearranged Ig genes maybe present in a single clone of cells. (J.
Clin. Invest. 1992. 89:1014-1020.) Key words: cancer * chro-
mosome translocation* hemopoiesis

Introduction

Malignant lymphoma is a heterogenous disease with regards to
histology, immunological phenotypes, growth rate, clinical pre-
sentation, and response to therapy. In spite of recent advances
in treatment, the overall prognosis of malignant lymphoma is
still poor. Significant improvement in the treatment of lym-
phoma will likely depend upon greater understanding of the
development, maintenance, and progression of the disease.

The use of molecular techniques makes it possible to ex-
plore genetic events associated with the development and pro-
gression of lymphoma. Korsmeyer et al. (1) first demonstrated
the rearrangement of the human Ig genes in DNAfrom leuke-
mic and lymphoma cells committed to B cell differentiation.
The detection of the rearrangement of the Ig genes was not only
an indication that the tumors were of the B cell lineage but also
indicated that the tumors were of clonal origin, because in
Southern blot analysis of a polyclonal population of B cells one
does not see distinct rearranged Ig genes (2). The original stud-
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ies have been confirmed and extended by a large number of
groups (2-5). In most cases only one or two rearranged bands
are seen (1); however, in some cases three or more rearranged
bands can be identified (6-9). Various explanations have been
proposed; these range from the suggestion that all of the
rearranged bands are present in all of the cells to the suggestion
that the disease is in fact oligoclonal and that individual clones
carry unique rearrangements. However, evidence to support
these models has been circumstantial.

Recently we established a cell line, OCI-Ly 18, from the
pleural fluid of a patient with malignant lymphoma. Cytoge-
netic analysis revealed multiple chromosomal abnormalities.
Molecular studies of the Ig heavy chain joining (JH) region
demonstrated the presence of several rearranged bands without
a germline band; this was observed with three different restric-
tion enzymes. In this paper we present the phenotypic, cytoge-
netic, and molecular characterization of OCI-LY 18 and its
clonal isolates. Results from these studies indicate that in some
cases more than two rearranged bands may all be present
within the same clone.

Methods

Case history. A 56-yr-old man presented in January 1988 with weight
loss, night sweats, and an abdominal mass. At laparotomy a large mass
was found attached to the small and large bowel, possibly arising from
the retroperitoneal area. A lymph node biopsy demonstrated infiltra-
tion of adipose tissue by large malignant cells with an irregular nuclear
contour; prominent, sometimes multiple, nucleoli; and copious baso-
philic cytoplasm. A bone marrow biopsy was negative for tumor cells.
On the basis of these observations and cytochemical and immunologi-
cal characteristics (Table I), the patient was diagnosed as having a high
grade non-Hodgkin's lymphoma of diffuse large cell immunoblastic
type. Initial treatment was radiotherapy to the abdominal mass fol-
lowed by combination chemotherapy consisting of cis-platinum, ara-
C, VP16, and dexamethasone. This resulted in a short complete remis-
sion of 4 moduration. At the time of relapse, a large malignant pleural
effusion developed. Attempts at further chemotherapy were unsuccess-
ful and the patient died of respiratory failure due to progressive disease
8 moafter diagnosis.

Establishment ofthe cell line. Pleural fluid cells obtained at the time
of autopsy were washed and placed into Iscove's modified Dulbecco's
medium (IMDM)' (Gibco Laboratories, Grand Island, NY), supple-
mented with 20%heparinized normal human plasma, and incubated at
37°C in humidified air containing 5%CO2(10). The cells continued to
proliferate and after 3 mowere considered to be a cell line that morpho-
logically resembled the malignant cells in the patient's pleural fluid.
The cell line is referred to as OCI-Ly 18, indicating that this is the 18th
cell line generated in our laboratory from a patient with lymphoma.

Morphological and cytochemical studies. Cell morphology was ex-
amined on Wright-Giemsa-stained smears. Peroxidase and nonspe-
cific esterase cytochemical stains were used.

1. Abbreviations used in this paper: HC, heavy chain; IMDM, Iscove's
modified Dulbecco's medium; JH, Ig HC joining region; LC, light
chain.
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Table I. Cell Surface Marker Profile of OCI-Ly 18

CD1O
CDI9
CD20
CD21
CD23
CD3
CD34
Ig Surface

Cytoplasmic

Cytochemistry

Immunophenotype of OCI-Ly 18

J5
B4
B1
B2
MHM6
OKT3
MY1O
IgG
IgM
IgD
IgA
K

x
IgM
TdT
PAS
NSE
Peroxidase
Acid phosphatase

85%
94%
92%
6%
1%

<1%
<1%
<1%
84%
8%

15%
<1%
94%
90%
Neg
Pos
Neg
Neg
Pos

Immunological studies. The presence of surface Ig was examined
with FITC-conjugated polyvalent goat anti-human Ig (Tago Inc., Bur-
lington, Ontario, Canada). Cytoplasmic Ig was detected with FITC-
conjugated goat anti-human A-chain after cytocentrifugation of the
cells onto glass slides and fixation in 75% ethanol and 25% acetic acid
(10). The mAbs used were reactive against the following cell surface
antigens: CDl9 (B4), CD20 (B 1), CD21 (B2), CD23 (MHM6), CD3
(OKT3), CD34 (My 1O) (Coulter Electronics Inc., Hialeah, FL). Cells
were examined by fluorescent microscopy and by FACS".

Karyotype analysis. Cytogenetic study was performed in the cytoge-
netics laboratory at the Wellesley Hospital, University of Toronto.
Cells were obtained from the cell line OCI-Ly 18. 1 1 metaphases were
studied for modal number of chromosomes and the presence of chro-
mosome abnormalities. The karyotypes were determined by both di-
rect microscopic analysis and photography.

Subclone analysis. Cells of the cell line were collected and plated in
semisolid culture containing 0.9% methylcellulose, 30% heparinized
normal human plasma, 5 x 10-' M2-mercaptoethanol, and I<10% of
medium conditioned by PHA(HA-15; Wellcome, Montreal, Quebec,
Canada)-stimulated leukocytes at a concentration of 1 X 103 cells/ml.
After 10 d, five colonies, each containing 10-50 cells, were randomly
picked from culture by using micropipettes and were placed in individ-
ual flat-bottom microwells (6 mm) containing IMDMsupplemented
with 20% heparinized human plasma (10). After 2 wk, each cell clone
was transferred to a 50-cm3 flask and maintained indefinitely in suspen-
sion culture.

Southern blot analysis. High molecular weight DNAwas extracted
from the established cell line and five subclones. Control DNAfor Ig
rearrangement was obtained from a T cell lymphoma cell line that had
already been shown to have germline Ig genes. DNAwas digested with
appropriate enzymes according to the recommendation of the supplier,
fractionated by electrophoresis on 0.8% agarose gels, transferred to
Gene-screen Plus (DuPont Co., Wilmington, DE) hybridized, washed,
and exposed to Kodak XARfilm with an intensifying screen at -70°C
as previously described (1 1).

RNA analysis. RNAwas isolated from the OCI-Ly 18 cell line,
separated on an agarose-formaldehyde gel, and transferred to Gene-
screen Plus as previously described (1 1).

Probes. The probes used in this study were a 3-kb EcoRI-HindIII
fragment to the JH region of the heavy chain (HC) locus (kindly pro-

vided by Dr. P. Leder) (1); a 1.4-kb EcoRI fragment containing the first
two exons of the CQ gene (kindly provided by Dr. P. Leder) (12); pFLl
and pFL2 (kindly provided by Dr. M. Cleary) to the major and minor
breakpoint cluster regions, respectively, of the Bc1-2 locus on chromo-
some 18 (13, 14); a 1.4-kb Clal-EcoRI fragment containing the third
coding exon of the c-MYC gene on chromosome 8 (kindly provided by
Dr. R. Della Favera) (15); K-constant genes (CK, 2.5-kb embryonic
EcoRI CK-containing fragment) (16); X-Ig genes (C-X, 0.8-kb embry-
onic EcoRI-HindIII C-X-containing fragment) (17); and the BamHI K
fragment of EBV kindly provided by Dr. G. Miller (Yale University,
New Haven, CT) (18). Probes were labeled by random priming with
[32P]dCTP to a specific activity of >108 cpm/Mg (19).

Results

Establishment of the OCI-Ly 18 cell line
The cell line was established from the pleural fluid of a patient
with high grade non-Hodgkin's immunoblastic type malignant
lymphoma as described in Methods. The line has now been
carried continuously for > 12 mo in suspension culture of
IMDMsupplemented with 20% normal human plasma with-
out the addition of growth factors. The doubling time of the cell
line is 36 h; cells grow exponentially between 0.4 and 1.2 X 106
cells/ml. After 12 mo in culture, the morphology of the cells of
the parent cell line and five subclones still resembles that of the
cells before culturing: cells are of large cell size, with high nu-
clear-to-cytoplasm ratio, basophilic cytoplasm without gran-
ules, and one or more nucleolus.

Immunological phenotype
As shown in Table I, IgM and Ig light chain X are expressed on
the majority of the cells. Strong positive reactions are observed
with antibodies directed against CD19 (B4), CD20 (B 1), HLA-
DRantigens, and CD10. The cells do not react with antibodies
specific for the T cell surface antigen CD3.

Karyotype analysis
Cytogenetic analysis of the parent cell line and the subclones
were similar; a representative karyotype is shown in Fig. 1. The
modal number of chromosomes was 52 in 11 metaphases.
There was a three-way translocation involving chromosomes 8,
14, and 14. An idiogram detailing the breakpoints is shown in
Fig. 2: der 8 with a break at band q24 on chromosome 8 and the
distal end of chromosome 14, band q32 to ter added to the
chromosome; der 14 with a break at band q32 and the distal
end of chromosome 18 from band q21 to ter added to the
chromosome; and der 18 with a break on chromosome 18 at
band q2 1 and the distal end of chromosome 8, band q24 to ter
added to the chromosome. In addition there was loss of the Y
chromosome; additional chromosomes (+7,+9,+18,+18,+20,
+21) were seen. There was also an i(l7q) and an insertion in
chromosome 12 band q 13.

Molecular analyses
EBVanalysis. Southern blots of DNAfrom the parent cell line
and the subclones digested with EcoRI were probed for the
presence of EBV. The probe did not detect the presence of EBV
in the cell line, whereas a cell line known to contain the EBV
genome was positive (data not shown).

Ig analysis. To determine the structure of the Ig genes,
Southern blot analysis was performed on DNAcut with EcoRI,
HindlIl, or BamHI from the fresh pleural fluid cells, the parent
cell line, and each of the five clones, with probes for Clu, JH, CK,
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and CX. Fig. 3 is a schematic diagram of the Ig HClocus show-
ing the sites at which restriction enzymes cut the DNAand the
regions from which some of the probes were isolated. DNA
digested with EcoRI and probed with the Jh fragment showed
five rearranged bands of 20, 8, 6, 4, and 3.5 kb (Fig. 4 A);
HindIll digests probed with Jh yielded four rearranged bands of
8.5, 6.5, 4.4, and 3.5 kb (the intensity of the 3.5-kb band sug-
gests that it might represent a doublet; Fig. 4 B). A germline
band was not observed in any of the samples. The same blots
were reprobed with a fragment of the CQu region of the Ig locus.
The Southern blot of EcoRI-digested DNAdid not show any
rearranged bands (Fig. 4 C), whereas HindIII- or BamHI-cut
DNAexamined with the same probe yielded three rearranged
bands (Fig. 4 D and data not shown). In the HindIII-digested
DNAthe rearranged bands were of 9, 8, and 6.6 kb. No germ-
line bands were observed in the HindIII- or BamHI-digested
samples. The CKgenes were deleted and a rearranged CXchain
gene was observed (data not shown). The above results were
observed regardless of whether DNAwas from the pleural fluid
cells, the parental cell line, or the subclones.

The presence of chromosome translocations involving
bands 8q24, 14q32, and 1 8q2 1 suggested that some of the
rearranged bands might be due to chromosome translocations
between Ig on chromosome 14 and the Myc and Bcl-2 genes on
chromosomes 8 and 18, respectively. Southern blot analysis of
the Myc gene revealed a rearranged and a germline band (Fig.
5), whereas analysis of the Bcl-2 locus with probes to the major
(pFLl) and minor (pFL2) breakpoint region did not show any
rearrangement; the enzymes used in this analysis were EcoRI,

BamHI, and HindIII. RNAblot analysis revealed expression of
both the c-Myc and the Bcl-2 genes (data not shown).

Discussion

A cell culture system is available that facilitates the prolifera-
tion and maintenance of a select group of malignant lym-
phoma cells. This technology was particularly useful in the
investigations of a patient with malignant lymphoma that pre-
sented with a number of cytogenetic abnormalities and showed
multiple rearrangements in the JH region.

The detailed cytogenetic and molecular analysis of OCI-Ly
18 revealed chromosome translocations involving the region of
the MYCprotooncogene on chromosome 8, the Ig HClocus
on chromosome 14, and the region of the Bc1-2 gene on chro-
mosome 18. Molecular analysis confirmed rearrangement and
expression of the MYCgene. Southern blot analysis of the Bcl-
2 locus with two probes to the major and minor breakpoint
cluster region of Bcl-2 did not identify any rearrangement; anal-
ysis of RNAfrom the cell line did indicate expression of the
Bcl-2 gene. The probes used in the Southern blot analysis de-
tect most translocations of Bcl-2 (4, 13, 14); however, translo-
cations occurring 5' of the Bcl-2 gene would be missed with the
combinations of restriction enzymes and probes used in this
study ( 13, 20).

The finding of cell lines like OCI-LY 18 with chromosome
translocations involving bands 8q24, 14q32, and 18q21 have
been described (21-24). In the cell line 380, the translocations
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18q21.1 - ter
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Figure 2. Idiogram demonstrating the t(8; 14; 18X8pter- 8q24::
14q32- *14qter, 14pter-->14q32::18q21 ->18qter, 18pter- 018q21::
8q24-*.8qter).

involve both chromosomes 14; one of the translocations is a

t(l4; 18Xq32; 18q21) and the other a t(8; 14)(q24;q32). Pegor-
aro et al. (21) postulated that the t( 14; 18) occurred first and at
some later time the t(8; 14), involving the second chromosome
14, occurred. As would be expected from the sites of transloca-
tion, the cells do not express either surface or cytoplasmic Ig
(21). A second cell line with chromosome translocations in-
volving 8q24, 14q32, and 18q21 is SU-DUL5; in this case

there is a complex three-way translocation represented as

(?ter::8p23-*.8q24:: 18q21-l18qter; 14pter-14q32::18q1-
18q21::8q24-*8qter, 18pter- 18q21:: 14q32-l 14qter). In SU-
DUL5 it is likely that a t(l4; 18) was followed by a t(8;derl4).
In this cell line there is no expression of Bcl-2, as the second
translocation disrupted the gene (25). A third cell line KHM-
2B contains a t(8; 14Xq24;q32) and t(l4; 18)(q32;q2 1). Unlike
the other two cell lines, KHM-2B cells express RNAfor Myc

and Bc1-2 and have surface IgM. As both chromosome 14's are
affected in this cell line, it is postulated that the t(8; 14) oc-
curred in such a manner that the breakpoint in the Ig heavy
chain locus is distal to Cp; this would account for the produc-
tion of IgM (22). The cell line OCI-LY 18 is similar to these
other cell lines in that it also contains chromosome transloca-
tions involving chromosomes 8, 14, and 18; however, the
translocations differ from those previously described, as chro-
mosome8 sequences are attached to the derl 8 chromosome. It
has been suggested that the development of cells carrying such
translocations occurs in a stepwise manner with the t(14; 18)

-4q32-,-t~r preceding the translocation of c-Myc sequences (21). For OCI-
14q32-ter LY 18, this is likely the case, with a possible sequence of events

being first a t( 14; 1 8Xq32;q2 1) followed by a second transloca-
tion t(8;derl8)(q24;q2 1). This could account for the simulta-
neous expression of Myc and Bc1-2 RNAand IgM protein in
the cell line.

A second unusual feature in this IgMX-producing cell line
was the pattern of rearrangement of the JH and Cl regions; in
both cases more than two rearranged fragments were observed.
Multiple rearrangements of the Ig HClocus have been reported
(6-9, 26-28); however, unique in this instance was the finding
that the same pattern of rearrangement could be found in a cell
line derived from the patient and five out of five clonal isolates
derived from the cell line. By using a probe to the JH region, five
rearranged bands were seen in DNAcut with EcoRI and four
rearranged bands were seen in DNAcut with HindIII, although
one of the bands had an increased intensity, suggesting that it
was a doublet; no germline bands were seen with these combi-
nations of restriction enzyme and probe. With the restriction
enzymes BamHI or HindIII and a CA probe, three rearranged
bands were seen; the intensity of these bands was about equal;
again no germline band was seen with these combinations of
restriction enzyme and probe. These results suggest that there
are more than two copies of the Ig locus in an individual cell.
This is in contrast to the cytogenetic analysis, which revealed
only two recognizable chromosome 14's; however, the aneu-
ploid nature of the cell with multiple abnormalities, including
extra copies of chromosomes 7, 9, 18, and derl8 as well as a
region of insertion on chromosome 12, makes precise cytoge-
netic definition difficult; and a duplication of the Ig-bearing
region of chromosome 14 could be missed.

The finding of five rearranged bands with HindIII and the
JH probe suggests that there are five copies of the Ig locus in the
cell, whereas the same DNAprobed with a Ct fragment sug-
gests that there are only three copies of the Ig locus in the cell.
This discrepancy could be accounted for if some of the translo-
cations observed in the cell occurred within the JH region cov-
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Figure 3. Map of the Ig HClocus in the region containing the joining
(JH), switch (SH), and g constant regions (CH). The restriction enzyme
sites are shown H, HindIl; B, BamH1; and R, EcoRI. The region to
which the JH probe hybridizes is shown by ., and the region to which
the Cu probe hybridizes is shown by o.
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ered by that probe; this is the usual site for translocations in-
volving the Bcl-2 locus (14). A similar explanation would not
account for the three copies of CA present in the cell line, as

Southern blots of EcoRI-digested DNAprovide no evidence
for a rearrangement occurring within the region covered by the
CM probe.

The absence of a germline CAfragment in HindIII-digested
DNAis not compatible with the production of IgM because,
during the process of Ig rearrangement involving the V, D, and
J segments, the Hindill fragment containing the J region but
not the CA region is altered in size (Fig. 3). The lack of a germ-
line-sized Ct HindIII fragment and the continued expression
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Figure 6. A schematic diagram illustrating the different ways in which
more than two rearranged bands might be found in a sample. Each
of the models is described in the discussion. GL, germ line; T, primary
tumor in patient; T., T2, and T3, subclones 1-3 of tumor, respectively.
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of IgM may be explained if a masked chromosome transloca-
tion occurred 3' of CQ. Another possibility is the presence of an
inherited or acquired restriction fragment-length polymor-
phism in the patient's DNA; unfortunately no nontumor DNA
is available from the patient to test the latter possibility. To
fully understand the molecular events that have occurred in
this cell line and the involvement of the Ig, Myc, and Bc1-2
genes, further analysis (including in situ hybridization to meta-
phase chromosomes; Southern blot analysis with more defined
probes; and, finally, cloning and sequencing of individual
rearranged bands) will be necessary.

As mentioned above, multiple rearrangements have been
noted previously in patient samples and have led to specula-
tions concerning their origin and role in the evolution of the
lymphomatous process. In most of the previous studies, infor-
mation regarding gene rearrangement was obtained by South-
ern blot assessment of DNAprepared from involved lymph
nodes, usually without cell separation. Based on these data, it
was proposed that the disease in these particular patients was of
oligoclonal origin; however, in the present case we present un-
ambiguous proof that a single cell can contain multiple
rearranged Ig genes. There are several models that may account
for the presence of multiple rearranged bands; four possible
models are described below and depicted in Fig. 6.

Model 1. Several independent clones. In this model, the
lymphoma arises in cells that are independent of each other. In
such a case one would find that the observed rearranged bands
account for the total pattern contributed by a small number of
unique lymphoma clones. If isolated, each clone should show a
unique pattern of rearrangement. An example of this is
Richter's syndrome, for which a number of investigators have
demonstrated that the pattern of rearrangement of the chronic
lymphocytic leukemia population and the lymphoma clone are
quite distinct (29, 30). A second example of this is that of EBV-
induced proliferative disease occurring after cardiac transplan-
tation (31, 32).

Model 2. Malignant transformation occurring before HC
and light chain (LC) gene rearrangement. In this model, a ge-
netic change in a lymphoid progenitor cell that enhances the
probability for malignant transformation of this cell and its
progeny occurs before HCgene rearrangement; each malignant
clone that subsequently develops would then carry different
patterns of rearranged genes. As in model 1, the pattern of
rearranged genes would be a summation of a number of malig-
nant clones. One could distinguish between models 1 and 2 by
using an additional clonal marker that was independent of the
Ig region. For example, in a female the methylation pattern of
the hypoxanthine phosphoribosyltransferase gene could be de-
termined (33). In model 1 different clones would have different
patterns of methylation, whereas in model 2 the same methyl-
ation pattern would be seen. There is no clear example of this
in human disease; however, in an Abelson virus mouse model
of leukemia, evidence for model 2 has been observed (34). In
this case a cell line, 22D6, was derived in which all of the cells
had the same integration site of the virus; however, there were
multiple Ig HCrearrangements seen in the uncloned sample.
Clonal isolates of 22D6 revealed only one or two rearranged
bands that could be identified in the parent population. A varia-
tion of this model is that a genetic change occurs at the time of
or after HCrearrangement and predisposes the progeny of this
cell to malignant transformation. In such a case the malignant
clones would have the same HCrearrangement but different

LC rearrangements. Two examples of this model have been
reported (9, 35).

Model 3. Malignant transformation occurring after HCand
LC rearrangement. In this model, point mutations or addi-
tional rearrangements occur during the expansion of a clone of
already transformed lymphoma cells. These changes would re-
sult in a new but related clone of cells that can coexist with the
original clone of cells. Individual clones show either the origi-
nal or the subsequent patterns that would sum to give the pat-
tern of the overall population. There are several examples of
this occurring in human disease (36-38). For example, Levy et
al. (36) identified patients in whom lymphoma cells all react
with an antiallotype antibody but only a subset of cells reacts
with an antiidiotype antibody raised against the patients' lym-
phoma cells. The lack of reactivity with the antiidiotype anti-
body has been shown to be due to mutations in the Ig genes of
the lymphoma cells (36).

Model 4. All rearranged bands are present in all cells of one
clone. In this model, a committed B cell undergoes malignant
transformation; during the growth of the malignant clone, ad-
ditional genetic changes occur in cells, such as chromosomal
translocation, chromosomal duplication, and further gene rear-
rangements. As a result of an acquired growth advantage, there
is clonal succession. In this model a single clone exists and
contains all of the rearranged bands present in the bulk popula-
tion. The case described here provides firm evidence for this
model.

In summary, the studies of this unique cell line illustrate the
utility of immunological, cytogenetic, and molecular analyses
in identifying complex genetic changes in human lymphoma.
Our studies clearly show that complex changes with multiple
rearrangements of Ig HCgenes may occur in a single clone of
cells.
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