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ABSTRACT

Cytogenetic studies of Epstein-Barr virus-transformed lymphoblastoid
cells obtained from a patient with prolymphocytic leukemia revealed the
cells to contain recurrent chromosome aberrations involving band 3p21.
The i/i \-n-iileukemic cells from which the cell lines originated contained
a der(3)t(3;17?Kp21;qll?) and a der(13)t(13;3Xq34;p21), as well as
numerical (-Y, -8, and -17) and other structural |8p- and
der(8)t(8;?Xq)3?;?)| changes. The cells in established culture showed
additional chromosome aberrations involving band 3p21 of the previously
normal and abnormal chromosomes 3. After 200 days of culture, the cells
contained a new translocation, i.e., t(3;14Xp21;q32). The cells showed
further chromosomal breakage and reunion at band 3p21 at later pas
sages. The affected chromosomal band (3p21) is close to one of the
constitutive fragile sites, i.e., 3pl4.2. Northern blot analysis of the
messenger RNA of the cultured cells did not show an increased or altered
expression of the c-raf-\ protooncogene (located at 3p25) when compared
with the mRNA of Epstein-Barr virus-transformed lymphoblastoid cell
lines from normal subjects with a normal karyotype. Also, the established
cells did not show DNA rearrangements or RNA alterations of the c-myc

gene.

INTRODUCTION

Evidence points to the fact that chromosome aberrations are
clustered at restricted loci of human chromosomes. An example
of this phenomenon is nonrandom chromosome changes seen
in neoplastic cells (1-3). Although chromosome aberrations
occur at multiple sites, fragile sites may constitute an example
of clustered chromosome changes at restricted loci (4, 5). Some
fragile sites coincide with affected chromosome bands in neo
plastic cells characterized by consistent structural changes (2,
4, 6-8). Furthermore, within the last decade, some retroviral
oncogenes have been shown to be derived from or be partially
homologous to normal cellular counterparts (cellular onco
genes) (9). Recent cytogenetic and molecular techniques have
shown that the localization of some cellular oncogenes on
human chromosomes was close to or within chromosome bands
involved in consistent cytogenetic changes in neoplasia, and a
possible association between specific chromosome changes in
neoplasia, chromosome fragile sites, and the location of cellular
oncogenes has been postulated (2, 10). However, a causative
linkage between oncogene expression and nonrandom cytoge
netic changes in neoplasia has not been well established, except
for mRNA alterations related to c-abl involved in t(9;22) in
chronic myelogenous leukemia (II), and c-myc rearrangements
in t(8;l4) in Burkitt's lymphoma (12, 13); in other specific

karyotypic changes in neoplasia, in which cellular oncogene
rearrangements or expressions have been reported, qualitative
deviations from normal expression apparently have not been
seen (14, 15).

We have analyzed B-lymphoblastoid cell lines established
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from the cells of a patient with PLL2 by both cytogenetic and

molecular techniques; the cells had recurrent chromosome
changes at 3p21. Mark and Rapp (16) and Bonner et al. (17)
have described a functional c-ra/-l protooncogene (a cellular
homologue of murine sarcoma virus 3611) on human chromo
some 3 at band 3p25. Thus, analysis of the PLL cells with
cytogenetic aberrations of the short arm of chromosome 3
might reveal involvement of the c-raf-l.

MATERIALS AND METHODS

Cells. Chromosome analysis was performed on leukemic peripheral
blood cells obtained on October 15, 1984 from a patient with PLL.
Clinical information of this patient has been described previously (Case
2 in Ref. 18). Spleen cells were obtained on April 14, 1983, when the
patient underwent splenectomy.

Cell lines (JC 1, JC IB, and JC 2) were established by an EBV
transformation procedure; briefly, peripheral blood mononuclear cells
from this patient were collected by Ficoll-Hypaque centrifugation and
transformed by EBV (supernate from an EBV-producing permanent
cell line B95.8) (19). The cells were then cultured Â¡nRPMI 1640 with
10% fetal calf serum and antibiotics. JC I was established on October
16, 1984 from the peripheral blood cells obtained on September 26,
1984. All of the established cell lines examined showed an EBV-
associated nuclear antigen), and exhibited a "hairy" cell-like morphol

ogy. The cells were tartrate resistant acid phosphatase positive. A
subclone (JC IB) of this line was obtained on April 14, 1985. Another
one (JC 2) was established from separated cells during leukapheresis
on April 3, 1985; however, this line survived only 3 months in culture.

Cytogenetics. The blood and spleen cells were harvested after 4 to 7
days of culture with or without activators (18). Cytogenetic analyses of
these cells, as well as of the established cells, were performed on
preparations processed with a Hoechst 33258 and quinacrine mustard
double staining technique (Q-banding technique) (20). Chromosome
analyses of the JC 1 and JC IB cell lines were performed on the
following dates: October 16, 1984 (20 days of culture), April 26, 1985
(210 days of culture), and June 18, 1985 (260 days of culture) on JC 1,
and April 26 and June 18, 1985 on JC 1B. The JC 2 line was analyzed
cytogenetically on April 20, 1985 (17 days of culture) and on June 18,
1985 (75 days of culture).

Preparation of Labeled Probe DNAs. The human 1.2-kilobase c-raf
probe was isolated from a cDNA library of the 1431 cell line. This
probe was kindly provided by Dr. J. R. Teyssier (Laboratoire de
Cytogenetique, Hospital Maison Blanche. Reims, France). This frag
ment was subcloned in PKH47 and corresponded to the free 3' part of
the human c-raf functional gene. The c-ra/DNA fragment was labeled
with |32P]dATP (New England Nuclear) by random priming (21). The
specific activity was 2x10' cpm/^g. Unincorporated [12P]dATPs were
removed by a Sephadex G-75 column. A 1.5-kilobase Clal/EcoRl
digested c-myc probe (22) labeled with [32P]dATP was also used.

RNA and DNA Transfer. Cellular RNA and DNA were extracted by
the urea lysis-cesium chloride method (23). Twenty ^g of each RNA
sample were denatured in l M glyoxal, electrophoresed in 1% agarose
gel, transferred to a nylon mesh (Zetabind), UV-cross-linked, prehy-
bridized (24), and hybridized to the c-raf or c-myc probes labeled with
"P. After hybridization, the filter was washed, air dried, and exposed
to Kodak XAR-5 film for various periods. As a control, EBV-trans-

1The abbreviations used are: PLL. prolymphocytic leukemia: EBV, Epstein-

Barr virus; SCCL. small cell carcinomas of the lung.
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formed lymphoblastoid cell lines obtained from normal individuals,
MC/B and BD/B, with normal karyotypes were utilized.

EcoRl digested DNAs (20 ^g) were subjected to electrophoresis
(0.8% agarose gel). The processed blot (24) was hybridized to the c-
myc probe labeled with 32P.

RESULTS

Chromosome Changes in the Leukemic Cells. Chromosome
examination revealed the spleen and blood cells to have a clonal
change consisting of missing chromosomes 3, 8, 8, 17, and Y-
chromosome, and 4 marker chromosomes (Fig. 1): marker 1:
der(3)t(3; 17?)(p21 ;q 11?); the centromeric region of this marker
contained a bright band (heterochromatic); marker 2:
der(8)t(8;?)(pll;?) or del(8)(pl2?); marker 3: t(8;?)(8qter-
8ql3?:?); marker 4: der(13)t(13;3)(q34;p21). The clone with
the marker chromosomes was also seen in the blood cells
obtained on October 14, 1984.

Chromosomes of JC Cells

JC 1. Cytogenetic study of JC 1 cells on October 16 (20 days
of culture) revealed a chromosome number ranging from 33 to
44 with a modal number of 44. Q-banded karyotypes showed
marker chromosomes similar to those observed in the blood
and spleen cells. Furthermore, 2 of 20 metaphases analyzed
had a new chromosome aberration, i.e., a del(3)(p21), in both
cells, the del(3)(p21) was found in the normal chromosome 3
without the bright heterochromatic region. Also, 2 cells had
aberrations at band 1Iq23. Chromosome examination on April
26, 1985 (210 days of culture) revealed further clonal changes
in addition to the previous ones, and consisted of a translocation
between chromosomes 1 and 5, t(l;5)(q42;ql3), a translocation
between 3 and 14, t(3;14)(p21;q32), and a deletion of chromo
some 1, del(l)(q42). These new chromosome abnormalities

were found in all metaphases examined; thus, the karyotype
of the cells was: 44,X,-Y,-3,-8,-13,-17,+der(3)t(3;17?)

(p21;qll?),+der(8)t(8;?)(ql3?;?),+der(13)t(13;3)(q34;p21),
del(8)(p 12?),t(3; 14)(p21 ;q32), t( 1;5)(q42;q 13),del( 1)(q42) (Fig.
2). Chromosome analysis of JC 1 cells on June 18, 1985 (260
days of culture) revealed a chromosome number ranging from
27 to 64 with a modal number of 29. Q-banding revealed that
the karyotype with der(14)t(14;3)(q32;p21) was preserved.

JC IB. On April 26, 1985 (210 days of culture), the JC IB
cells showed cytogenetic changes similar to those observed in
the JC 1 cells. On June 18, 1985 a further change with a new
marker chromosome was observed. This marker consisted of
part of markers 1 and 4; marker 4 was deleted at band 13ql2
and retranslocated onto band 3p21, resulting in a new sub-
metacentric marker chromosome (marker 5). The cells con
tained mainly 3 clones; cells with markers 1, 3, and 4 (2 of 13
cells), cells with markers 3 and 5 (newly appeared marker) (6
of 13) (Fig. 3), and cells with marker 5 but lacking marker 3 (5
of 13). At that time, nonclonal chromosome aberrations (gaps,
breaks, and translocations) were noted at bands 7q21, 11pi5,
9p21,20pl2, andXq22.

JC 2. On April 20, 1985, this line showed cytogenetic changes
similar to those observed in the spleen cells, with a modal
number of 44 chromosomes. One of the 20 metaphases con
tained a chromatid break at band 3p21 of chromosome 3 with
the translocation (marker 1) (Fig. 4a), two cells had a deletion
at band 3p21, one involving chromosome 3 without the trans-
location (Fig. 4A), and the other the translocated chromosome
3 with the bright centromeric region. Chromosome changes
were also present at bands 1q25, 4p21, 7q21, 9p21, 1Oq22, and
Ilq23. On June 18, 1985, the cells did not show further
changes; the chromosome aberration at 3p21, |del(3)(p21)], was
found in 1 of 15 cells, in addition to the marker 1.

Northern and Southern Blot Analyses of JC Cells. JC 1 and

li :â€¢ti l:
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Fig. I. Representative quinacrine-Hoechst 33258-banded karyotype of a spleen cell. Abnormal chromosomes (markers 1-4) are shown here and in subsequent
karyotypes as marl-mar4. Marker I, der(3)t(3;17?)(p21;ql 1?); marker 2, der(8)t(8;?)(pl 1;?) or del(8)(pl2); marker 3, der(8)t(8;?)(q!3?;?); marker 4,
der(13)t(l3;3)(q34;p21). The abnormal chromosome 3 (marker 1) had extra material (possibly 17ql 1-qter) at 3p2l with the deleted portion being translocated onto
chromosome 13 at band 13q34 (marker 4). One chromosome 16 is shown overlapping chromosome I in this metaphase.
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1.

Fig. 2. Representative karyotype of a JC 1 cell obtained on April 24, 1985 (210 days of culture), showing additional chromosomal changes involving chromosomes
I. 3. 5. and 14 (breakpoints identified by arrows). New abnormal chromosomes were derived from 3 and 14, i.e.. deletion of chromosome 3 al band 3p2l with the
deleted material being translocated onto 14q32. Marker chromosomes 1-4 (marl-mart) seen in the leukemic cells were preserved in this cell.

Fig. 3. Representative karyotype of a JC IB cell obtained on June 18. 1985 (260 days of culture), showing a translocation between the derivative chromosome 3
(marker 1 in Figs. 1 and 2) and 13 (marker 4 in the figures), resulting in marker 5 (mar 5): der(3)t(3;13;3)(3qterâ€”Â»3p21::13ql3â€”Â»13qter::3p21â€”Â»3pter).Chromosome
3 with the bright heterochromatic region had breakage and reunion at band 3p21 (thick arrow). Marker 3 (mar 3), [der(8)t(8;?)(ql3?;?)], was present in this metaphase.
A thin arrow points to a der(l4)t(14:3)(q32:p21).

JC IB cells obtained on July 10, 1985, were utilized for this JC IB cells had the t(3;14)(p21;q32) and a t(3;13;3) (marker
study. At that time, the JC 1 cells contained a t(3:14)(p21;q32) 5) instead of the der(13)t(13;3)(q34;p21) (marker 4). Since
in addition to the der(13)t(13;3)(q34;p21) (marker 4), and the Mark and Rapp (16) have reported that v-ra/^specific RNA was
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Fig. 4. a, partial quinacrine mustard-Hoechst 33258 banding karyotype of a
JC 2 cell obtained on April 20, 1985 (20 days of culture), showing a chromatid
break on the abnormal chromosome 3 (marker I) at band 3p21 (arrow), b. partial
karyotype of another JC 2 cell obtained at the same time, showing a deletion of
chromosome 3 (without a bright heterochromatic region) at band 3p21 (arrow).
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Fig. 5. Northern blot of c-ra/hybridized mRNAs from JC cells (JC I and JC
IB) and those of Epstein-Barr virus transformed and karyotypically normal cell
lines from normal subjects (BD/B and MC/B) which served as controls. Samples
(20 Mg)of RNAs from these cells were fractionated on 1% agarose gel, transferred
to a nylon mesh (Zetabind), and hybridized to a 32P-labeled 1.2-kilobase human
c-ra/ probe to determine possible aberrations of the raf protooncogene mRNA.
The JC cells had the same c-ra/-hybridized mRNA of 3.1 kilobases as did the
EBV-transformed normal lymphoblastoid cells lines (BD/B and MC/B). As
previously reported (26), a 3.1-kilobase mRNA hybridized with c-ro/is expressed
in human lymphocytes. The 1.9-kilobase bands might be nonspecific hybridization
with 18S RNAs, showing the same amount of the RNA was loaded in each lane.

found in human SCCL with chromosome changes on the short
arm of chromosome 3, i.e., del 3 (3pl4â€”>p23), a consistent
cytogenetic change in SCCL (25), we determined whether the
cell lines studied by us had involvement of the c-raf-l gene. The
study showed that the JC cells exhibited the same 3.1-kilobase
c-ra/ hybridized mRNA as did the normal EBV transformed
lymphoblastoid cell lines (BD/B and MC/B). In addition, no
remarkable increase in c-ra/hybridized mRNA was observed as
compared to normal control cells (Fig. 5). Since the normal B-

cell lines contained c-ra/-related mRNA at a level and size
similar to those of the PLL cells and in keeping with a 3.1-
kilobase mRNA described in human lymphocytes (26), it ap
pears that no measurable alteration in c-ra/gene expression
occurred in the PLL cell lines. Also, c-rrryc-hybridized EcoRl-
digested DNAs of the JC 1 and JC IB cells did not show any
rearrangements, nor did the mRNAs from these cells show any
alterations (data not shown).

DISCUSSION

The JC cells studied by us were characterized by sequential
changes involving 3p21; these results appear to confirm a point
by Chen (27) regarding preferential recombination at sites
already rearranged in a melanoma cell line. It is possible that
these changes may have originated during early passages in
vitro rather than having been present in the leukemic cells in
vivo. Juliusson et al. (28) reported 2 PLL cases with a deletion
at band 3pl3 and quoted another PLL case with 3pâ€”(29);

these authors postulated a possible association between the
cytogenetic change and the c-ras protooncogene. However, no
c-ras gene has been detected on chromosome 3 (30, 31). On the
other hand, the c-ra/1 protooncogene has been mapped to
3p25 (17), and an involvement of this gene was described in
SCCL with a 3p- (16, 26). In contrast, the JC cells studied by
us did not show altered or increased expression of the c-ra/
hybridized mRNAs; these findings indicate that the c-ra/1 gene
may not be involved in the progression of the karyotypic
changes in the PLL cells.

Marker 3 involving chromosome 8 was usually seen in the
leukemic cells as well as in the established cells, although a
minority of the cells lacked this marker chromosome. Sadamori
et al. (18) reported a t(6;12)(ql5;pl3) in the stimulated cells
of this case; they also found numerical (â€”Y,â€”8,and â€”17)

and structural [13q+: possibly identical to the
der(13)t(13;3)(q34;p21): marker 4] changes similar to those
observed in the established cells. This may indicate that the
chromosome change (submetacentric marker chromosome)
which has been interpreted as a t(6;12)(ql5;pl3) by Sadamori
et al. (18), may be marker 3 [der(8)t(8;?)(ql3?;?)] involving part
of the long arm of chromosome 8. Although we cannot rule out
the possibility of involvement of the c-mos gene [located at
8ql 1 (32)], the change of chromosome 8 in the JC cells did not
involve the c-myc gene (8q24).

The chromosome band at 3p21 is close to band 3pl4.2 which
is thought to be a site susceptible to "spontaneous" chromo

some breakage (5) and an inducible constitutive fragile site (6).
Events at such sites may result in a homozygous state of a
particular locus (6). The changes at band 3p21 in the cell lines
studied by us were seen in both chromosomes 3 without using
a fragile site inducing medium. Although a possible association
between consistent chromosome changes in neoplastic cells and
constitutive fragile sites has been postulated (2, 10), direct
evidence for this is not yet at hand. Thus, one interpretation of
the observations on the cell lines presented here might be that
chromosomal fragile sites existed in the normal cells of the
patient and were expressed in the neoplastic B-lymphocytes as
further cytogenetic changes. Another interpretation is that
chromosome rearrangements at 3p21 presented only the neo
plastic cells at homozygous chromosomal sites and they ex
pressed as visible chromosome changes.

The present study further indicates that some consistent
chromosome changes in neoplasia do not involve known cellu
lar oncogenes located close to the affected bands. In addition,
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even though chromosome changes affect closely related chro
mosomal areas, for example, 3p- (3p21â€”>p24)in SCCL (25),
3p changes (3pl 1â€”>p21)in renal cell carcinoma (33), and 3p
changes [3pl3 (28) or 3p21 (present case)] in PLL, the neo-
plastic process related to the chromosome changes may be
different in each form of neoplasia.
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