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Abstract

We previously demonstrated that the breakpoint of t(ll;14Xq23;q32)
in the RC-K8 B cell lymphoma cell line lies between CDÃ¬and THY I:
ETS1 on chromosome Hq23, and we cloned this region and named it the
rck locus. Pulsed-field gel electrophoresis showed that the rck probe B
(distal to the breakpoint) and the porphobilinogen deaminase (PBGD)
probe detect the same germ line band and also the same rearranged band
when DNA from RC-K8 cells was digested with Non enzyme. Further
more, Southern blot analysis with somatic cell hybrids showed that the
PBGD gene moved to the 14q+chromosome, which confirmed PBGD to
be more distal to the centromere than the rck locus. These data allowed
us to construct the following order of genes: 11 cen-<\23-CD3-rck-PBGD-
THY1/ETS1. In this study, three infantile leukemia cell lines with
Â¡(II;!'Â»)(q23;pl3) translocation were also analyzed by pulsed-field gel

electrophoresis. CD3D probe detected the rearranged bands in DNA
from two of them after digestion with /Vofl and Sacll enzymes, demon
strating that the breakpoints of both cell lines were estimated to be
within 360 kilobases of CD3D.

Introduction

Cytogenetic evidence showed that a gene or gene cluster on
chromosome 11 band q23(llq23) plays an important role in
the development of several kinds of leukemias and lymphomas
(1). Several genes have been mapped to Ilq23 and a physical
map of this region has been proposed: 11 cen-q23-./VC4A/-
CD3(E-D-G)-THYI/ETSl-llqler (2). In our previous study,
we showed that the breakpoint of t(l I;14)(q23;q32) transloca
tion in the RC-K8 B cell lymphoma cell line (3) lies between
CD3 and ETS1 (4); we cloned the breakpoint region and named
it the rck locus (5). The translocation breakpoints of
t(4;ll)(q21;q23), t(9;l I)(p21-p22;q23), and t(ll;19)(q23;pl3)
have also been reported to localize between CDS and THY!/
ETS1 (6). It is still debatable whether the breakpoint of
t(6;l I)(q27;q23) translocation is more distal or more proximal
to the centromere than CD3 (6, 7).

In this study, physical mapping of the rck locus (4) as well as
of the breakpoint of t(11;19)(q23;q13) translocation in infantile
acute leukemia (8) has been attempted by PFGE.3 The results
showed the following gene order: 11 cen-q23-CD3(E-D-G)-rck-
PBGD-THY1/ETS1. It was also demonstrated that the break
points of t(ll;19)(q23;pl3) translocation in two of three leu
kemia cell lines are within 360 kilobases of the CD3D gene.
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Materials and Methods

Cells. The lymphoma and leukemic cell lines studied were: RC-K8,
a B-cell lymphoma with t(l I;14)(q23;q32) (3); Karpas 422, a B-cell
lymphoma with t(4;l I)(q21;q23) (9); Karpas 299, a T-cell lymphoma
with t(2;5)(p23;q35) (10); KOPN-1, KOCL-33, and KOCL-44, infantile
acute leukemias with t(l I;19)(q23;pl3)(l 1); SU-DHL-10, a B-cell lym
phoma with t(l l;Y)(q23;ql 1) (12). An Epstein-Barr virus-transformed
cell line with a normal karyotype was used as a control cell line. Prior
to PFGE analysis, cytogenetic analysis of these cell lines was conducted
to reconfirm the presence of the translocations as reported originally.
Samples from a B-cell lymphoma patient with t(7;l l)(ql I;q23) and a
myelodysplastic syndrome patient with inv(l l)(pl Iq23) were also stud
ied. The segregating somatic cell hybrids between the RC-K8 cell and
a mouse plasmacytoma cell line, M'Â¡. were analyzed by Southern

blotting (4).
DNA Probes. Two rck probes, probe B and 19L which are localized

0.7 kilobase at the telomeric side and 10-13 kilobases at the centromeric
side of the breakpoint of t(l I;14)(q23;q32), respectively, are shown in
Fig. IB. The Â«-Â¿-probeB is a 1.1-kilobase Â£coRI///indIII fragment.
The rcfc-probe 19L is a mixture of repeat-free 0.3-kilobase EcoRl/
BamHl and 0.3-kilobase Hindlll fragments. Human CD3D cDNA
probe (1.1-kilobase Xhol insert) was provided by Dr. Terhorst (Dana-
Farber Institute, Boston, MA) (13). Human THYl genomic probe (1.8-
kilobase ///ndIII/Â£coRI) was a gift from Dr. Isobe (Nagoya University
School of Medicine, Nagoya, Japan). Porphobilinogen deaminase
(PBGD) cDNA probe (0.9-kilobase 5amHI/Â£c0RI) (14) was obtained
from the Japanese Cancer Research Resources Bank (Tokyo, Japan).
Human ETS1 cDNA probe was cloned from the cDNA library of a
Jurkat T cell line with synthetic oligonucleotide probe based on the
published sequence (15). The INSR cDNA probe (16) (ATCC 57493;
4.1-kilobase Â£coRIfragment) was obtained from the American Type
Culture Collection (Rockville, MD).

PFGE. Electrophoresis was performed using an LKB Pulsaphor
Electrophoresis Unit (Pharmacia, Uppsala, Sweden). Intact large DNA
fragments were prepared in low-melting point agarose plugs as de
scribed by Schwartz and Cantor (17). Approximately 10 ^g of DNA
per block were digested with an appropriate restriction enzyme and
restriction fragments were size separated in a 1% agarose gel. Electro
phoresis conditions included a 6-V/cm field strength, 0.5 x Tris-
buffered EDTA at 12Â°C,and 36-40 h electrophoresis time with an

appropriate pulse time to separate an optimal size range of 40-1200
kilobases. Yeast DNA-PFGE marker and A DNA-PFGE marker were
purchased from Pharmacia LKB and used as size markers.

Southern Blotting and Probe Hybridization. Southern blotting and
hybridization were carried out according to the manufacturer's protocol

for Hybond N+ membrane (Amersham, Buckinghamshire, United
Kingdom).

Results and Discussion

In our previous study, we showed that ETS1 moved to the
14q+ chromosome, while CD3D and CD3E remained on 1Iqâ€”
chromosome in t(l I;14)(q23;q32) translocation (4). THYl was
also demonstrated to be on 14q+ by somatic cell hybrid analysis
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(data not shown). In order to determine the detailed location
of the rck locus on chromosome 11, PFGE analysis was per
formed. With Noti digestion, CD3D, rck (probe B and 19L),
THY1 and ETS1 probes hybridized to the germ line fragments
of 360, 745, 480, and >1200 kilobases (compression zone),
respectively (Fig. IB). In the RC-K8 cell line with Noti diges
tion, the rck-probe B detected a 680-kilobase rearranged band
of 14q+ chromosome, besides a 745-kilobase germ line band
(Figs. IA and 2A), while rck-probe 19L across the breakpoint
detected the 730-kilobase rearranged band of 1Iq- chromosome

(data not shown; Fig. IA). With Nrul digestion, the restriction
site of which is near distal to the rck breakpoint (Fig. \B), rck-
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Fig. 1. Schema of llq- and 14q+ chromosomes in the t(l I;14)(q23;q32)

translocation and restriction map of the 1Iq23 region. Chromosome 14 is depicted
by dotted bars and chromosome 11 by open bars. (A) llqâ€”and 14q+chromosomes
of t(ll;14) observed in RC-K8 cell line. With Not\ digestion, rck probes, 19 L
and probe B, detected 730- and 680-kilobase rearrangement bands, respectively.
PBGD probe detects the same 680-kilobase rearranged band on the 14q+ chro
mosome as rct-probe B does (see Fig. 1A). (B) The restriction map of 1Iq23 with
the putative breakpoints in HI I;19)(q23;pl3). Boxes indicate the genes mapped
in Ilq23. The restriction sites which were not conclusively determined in this
study are indicated by stars. The Nrul site in parentheses is polymorphic. The
break points of t(l 1;19) and t(l 1:14) are indicated by open arrows, where Noll
and Sacll fragments overlap each other. Since the rearrangement bands were
observed with both Noti and Sacll enzymes, when CD3D were used as a probe
(see Fig. 4), the breakpoints of t(l 1;19) are within both the Noti and Sacll germ
line fragments of CD3, which are localized somewhere between the centromeric
and telomeric sides (of the respective enzymes) of the CD3 gene (arrows connected
with dotted line).
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Fig. 2. Detection of the rck breakpoint of t(l I;14)(q23;q32) translocation in

RC-K8 cells by PFGE analysis. Ten Mgof DNA digested with Noll (A) or Nrul
(B) were run in each lane by PFGE, blotted on filters, and then hybridized with
rck-probe B (A) or rck-\9L (B), respectively. DNA from the following cell lines
were used: Epstein-Barr virus-transformed B-cells with normal karyotype (Lane
1), RC-K8 with t(ll;14)(q23;q32) (Lane 2), Karpas 422 with t(4;l I)(q21;q23)
(Lane 3), Karpas 299 with t(2;5)(p23;q35) (Lane 4), and KOCL-33 with
t(ll;19)(q23;pl3) (Lane 5). The sizes (kilobases) of the germ line and rearranged
bands were shown by open and closed triangles, respectively.
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Fig. 3. Mapping of PBGD distal to the rck breakpoint on 1Iq23 by Southern
blot analysis. DNA from human placenta (lane I), parental human cell line, RC-
K8 with t(ll;14)(q23;q32) (Lane 2), mouse-human somatic hybrid 699AA-1
carrying both llq- and 14q+ chromosomes (Lane 3), BG4 carrying a llq-
chromosome (Lane 4), BB7 carrying a 14q+ chromosome (Lane 5), and NP3
parental mouse cell line (Lane 6) were digested with ///Â«dill, run on 0.7% agarose
gel, blotted on filters, and then hybridized with a PBGD probe. Size markers are
in kilobases (see Fig. 1//).

probe 19L also detected a 290-kilobase rearranged band on the
llq-chromosome, beside a 260-kilobase germ line fragment in
the RC-K8 line (Figs. \A and IB). Interestingly, PBGD probe,
which was mapped on 1Iq23.2-qter, hybridized to the same
745kb Not! germ line and 680-kilobase rearranged bands as
were detected with rck-probe B in the same blot filter (data not
shown), indicating that PBGD is within 745 kilobases distal to
the rck locus. (A schematic diagram is shown in Fig. ÃŒA.)This
was confirmed by Southern blotting of somatic cell hybrid
analysis; i.e., PBGD probe hybridized to the 15-kilobase band
in BB7 hybrid DNA which contains a 14q+ chromosome but
not an llq- chromosome, in t(l I;14)(q23;q32) (Fig. 3), sug
gesting that the PBGD gene is localized at the distal region to
the rck locus which was previously mapped between CD3 and
the THY1/EST1 (4). PBGD is within 370 kilobases of the rck
locus, because it hybridized to the same fragment as was de-
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Fig. 4. PFGE analysis of cell lines with translocations involving Ilq23 with

the CD3D probe. DNA from the following cell lines were digested with Not\ (A)
or .SV/i'lltill and analyzed by PFGE; Epstein-Barr virus-transformed B cell line
(Lane /); KOPN-I with t(l U9)(q23;pl3) (lane 2): KOCL-33 with
t(ll;l9)(q23;pl3)(/aneJ);KOCL-44witht(ll;l9)(q23;pl3)(ione4);SU-DHL-
10 with t(l l;Y)(q23;ql I) (Lane 5); RC-K8 with t(l I;14)(q23;q32) (Lane 6). The
sizes (kilobases) of the germ lines and rearranged bands were shown by open and
closed triangles, respectively.

tected with rc/c-probe B by Nrul digestion in the same blot filter
(data not shown). (A schematic diagram is shown in Fig. IB.)
Thus, the gene order in this region is estimated to be as follows:
11 cen-q23-CD3(E-D-G)-rck-PBGD-THYl/ETSl.

In this study, an attempt was also made to detect the break
points of the translocations observed in other hematopoietic
tumors involving Ilq23 region by PFGE. The CD3D probe
detected rearranged bands in some of them after digestion with
Noti and SacH (Fig. 4), but not with Nrul, 5/71, BssHll, or Mlul
(data not shown). With Noil digestion, a 500-kilobase rear
ranged band and 360-kilobase germ line bands were seen in
KOCL-33 and KOCL-44 cell lines with t(l I;19)(q23;pl3)
translocation and the SU-DHL-10 line with t(l l;Y)(q23;qll)
translocation (Fig. 4A). With Sacll digestion, 520-kilobase
rearranged bands and 370-kilobase germ line bands were ob
served in KOCL-33 and KOCL-44, but not in SU-DHL-10
(Fig. 4B). Thus, of 8 samples studied which have translocations
involving Ilq23, these two, KOCL-33 and KOCL-44 with
t(ll;19), revealed rearrangement bands with almost the same
size with either Noti or SacII digestion. No samples revealed a
germ line band with a size similar to that of the rearrangement
bands. These findings suggested that the rearranged bands
observed are caused by t(l 1;19) translocation and not by poly
morphism or differences in sensitivity to methylation. Accord
ingly, the breakpoint of t(l I;19)(q23;pl3) translocation in these
two cell lines is shown to be localized within 360 kilobases
(Noti germline fragment) of CD3D, although it is not clear
whether the breakpoint is at the centromeric or telomeric side
of CD3D by PFGE analysis (Fig. IB). The breakpoint of
t(ll;Y)(q23;qll) can also be mapped within 360 kilobases of
CD3D, but differently from KOCL-33 and KOCL-44, because
Sacll digestion did not reveal rearrangement bands (Fig. 4B).
Another cell line, KOPN-1 carrying t(ll;19) translocation,
however, did not show any rearranged band with any enzymes
tested, suggesting that the t(ll;19) breakpoint on Ilq23 is
heterogeneous. It is noted in this regard that the breakpoint of
t(4;l I)(q21;q23) translocation was reported just recently to be
within 200 kilobases of CD3G(18) and distal to CD3 genes (7).
No rearrangements were, however, detectable in these cells with
t(4;ll) with Noti digestion, suggesting that the breakpoints of
t(4;ll) and t(ll;19) on chromosome Ilq23 are different. The

breakpoint of the t(l 1;19) translocation on chromosome 19pl3
was reported to be heterogeneous, because human INSR, which
was mapped to 19pl3, moved to the der chromosome 11 in a
patient, but remained on der chromosome 19 in two patients
by in situ hybridization (19). To study the possible involvement
of the INSR gene in our cell lines with t(l 1;19), we rehybridized
jVofl-and SacII-digested filters of Fig. 4, A and A, with INSR
probe, but it did not hybridize to the rearranged bands detected
by CD3D.

The present study, together with those by other investigators,
showed that CD3 genes are the landmark to localize the break
points of translocations involving 1Iq23. Further detailed gene
mapping using PFGE analysis, in situ chromosome hybridiza
tion, and the yeast artificial chromosome vector will disclose
the genes associated these translocations.
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