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ABSTRACT

The ML cell lines (ML-1, -2, and -3) were derived from the cells of a
patient with T-cell malignant lyntphoma who developed acute myelo-
blastic leukemia and whose cells showed a primary chromosome change
at band 1Iq24. Surface marker studies of the ML cells showed that they
had both myeloid (MCS-1, MCS-2, and OKM-1) and some T-lymphocyte
(3Al/Leu-9 and OKT-4/Leu-3a) characteristics. Molecular studies on
these lines were performed in order to determine the possible involvement
of the Hu-ets-l gene, since it is located at band 1Iq23â€”nj24.All ML cell
lines showed half the intensity of the Hu-ets-l DNA bands as compared
to those of controls (karyotypically normal B-cell lines). In contrast,
DNAs from leukemia cells with t(4;llXq21;q23) or t(l;llXq21;q23 or
q24) showed no rearrangement, deletion, or amplification of the etx-l
gene. 1'hese findings indicate that a chromosome region (Ilq24â€”Â»qter),

including the Hu-ets-l gene, of the ML cells is deleted as a result of the
primary cytogenetic change and that heterogeneity is present in the
mechanism of human leukemia involving the Ilq23â€”Â»q24region.

INTRODUCTION

A possible association between consistent chromosome
changes and the location of cellular protooncogenes has been
postulated in the pathogenesis of neoplasia (1, 2), e.g., c-myc
(located at 8q24) rearrangements in t(8;14)(q24;q32) in Burkitt
lymphoma (3, 4) and mRNA alternations related to c-abl
(9q34) fusion with ber (22qll) in t(9;22)(q34;qll) in chronic
myelogenous leukemia (5, 6).

An involvement of chromosome 11 at band q23 is observed
frequently in human acute leukemia including a translocation
between chromosomes 4 and 11 [t(4;ll)(q21;q23)] in acute
lymphoblastic leukemia (7) with the capability of the leukemic
cells to differentiate into monocytes (8, 9). Another common
abnormality affecting band Ilq23 is a translocation between
chromosomes 9 and 11 [t(9;l I)(p22;q23)] in acute monoblastic
leukemia (10). Thus, these findings indicate that changes at
11q23 have specificity for monocytoid lineage involvement in
human acute leukemia (11). Recently, a transposition of the
Hu-efs-1 protooncogene [one of the human DNA sequences
homologous to avian erythroblastosis virus, E26 (12), which is
located on human chromosome 11 at bands q23â€”Â»24(13)] in a
t(4;ll)(q21;q23)-positive leukemia cell line (RS4;11) and in
leukemic cells with t(9;ll)(p22;q23) has been identified by in
situ hybridization (14, 15); these observations indicate a possi
ble involvement of this oncogene in the genesis of human
monocytic leukemias.

We have shown that the ML cells, which have been widely
used as models of myeloid cellular proliferation and differentia
tion (16), contain a chromosome change involving band 1Iq24
as the primary karyotypic change (17). The studies presented
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here show that this karyotypic change deletes one alÃeleof the
Hu-ets-l protooncogene in the ML cell lines.

MATERIALS AND METHODS

Cells. The ML cell lines (ML-1, -2, and -3) were established at
Roswell Park Memorial Institute from the peripheral blood cells ob
tained on July 13, 1978, from a 25-year-old male with a T-cell malig
nant lymphoma (Stage IV in October 1977) terminating in AML3 (18):
the neoplastic cells in the T-lymphoma phase had Idi activity, human
thymus leukemia antigens, and common ALL antigens (18). The cell
lines were established at a time when the patient was in the AML phase
of his disease. In addition, for the studies on Hu-ets-l, cells obtained
from leukemia patients with t(4;l I)(q21;q23) or t(l;ll)(q21;q23 or
q24) were also utilized.

Cytogenetic Studies. Chromosome preparations of the ML cell lines
were stained by Hoechst 332S8 and quinacrine mustard (Q-banding)
(19) or by a reverse (R)-banding technique using 5'-bromodeoxyuridine

and staining with acridine orange (20). Old preparations were stained
with a Q-banding method (19) after destaining the slides with 25%
acetic acid.

Surface Marker Studies. In order to determine the origin of the ML
cells, various murine monoclonal antihuman antibodies, as well as
rosette techniques were used to detect surface antigen determinants
(21). TdT activity, peroxidase, or common ALL antigen-positive cells
were also scored.

Preparation of DNA Probes. The avian erythroblastosis virus (E26)
v-ets probe isolated from chicken DNA transformed myeloblasts and
cloned in -y-charon phage 30, termed pc/.vBrU and which contained
approximately 1250 base pairs of the 1508 base pairs of the \-ets (12),
was kindly provided by Dr. M. F. Nunn (Molecular Biology and
Virology Laboratory, Salk Institute, La Julia. CA). The fragment was
subcloned using Bgll into the Pvull site of pBR328. The probe DNA
used in this study was 980 bp Hindlll/Hpal digested petÃ³BB3.The v-
ets DNA fragment was labeled with ["PjdATP (Amersham) by random
priming (22). Unincorporated ["PJdATPs were removed by a Sephadex

G-75 column.
Seven-hundred and fifty base pair EcoRl/Pstl digested human ÃŸ-

globin exon III DNA and 3' flanking (23) and a 1.5-kilobase (lai/
EcoRl digested c-myc exon III probe (24) labeled with [32P]dATP were

also used in this study.
Extraction of DNA and DNA Hybridization. DNAs from the ML

cells and leukemic cells with t(4;ll)(q21;q23) or t(l;l I)(q21;q23 or
q24) were extracted by the urea lysis/cesium chloride method. The
DNAs were digested with Â£coRIand 20 Mgwere subjected to electro-
phoresis through a horizontal agarose gel (0.7%). The gel was dena
tured, neutralized, and transferred to a nylon mesh (Zetabind), UV-
crosslinked, prehybridized (25), and then hybridized to the v-ets and to
either the human /i-globin or c-myc probes labeled with phosphorus-
32. After hybridization, filters were washed, air dried, and exposed to
Kodak XAR-5 film for various times with an enhancing screen. As a
control, Epstein-Barr virus-transformed lymphoblastoid cells, MC/B
and BD/B, with basically normal karyotypes were utilized.

RESULTS

Chromosomes of the ML Cells with Primary Karyotypic
Change at Hq24. Chromosome studies performed with bone

3The abbreviations used are: AML, acute myeloblastic leukemia; TdT, termi
nal deoxynucleotidyl transferase.
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marrow cells obtained when the patient was in the T-cell
malignant lymphoma phase of the disease showed changes of
llqâ€” and 13q+. With Q-banding, a terminal pale band of
chromosome 11 (Ilq24â€”Â»q25)appeared not to be present.
On the other hand, an extra pale chromosomal band seemed
to be attached to the distal portion of chromosome 13.
Thus, we tentatively interpreted the cytogenetic changes of the
leukemic cells as t(ll;13)(q23;q32) or del(ll)(q23) or
der(ll)t(ll;?)(q23;?) and der(13)t(13;?)(q32;?) (17). The
marrow cells in the AML phase showed that the leukemic
cells had a trisomy of chromosome 12, a missing Y chromo
some, a translocation between chromosomes 1 and 14
[der(l)t(l;14)(q22;ql3)], and a deletion of chromosome 6, in
addition to the llq- and 13q-f- (17). Cytogenetic examination
of the ML cells revealed similar changes to those observed in
the bone marrow cells of the AML phase, though some addi
tional changes were observed, i.e., +13 was present in the ML-
2 line and +6q- and +13 in the ML-3 cells (17) (Fig. 1).
Detailed R-banding analysis of the ML cells revealed that the
banding pattern of the 13q+ was not different from a normal
13, whereas that of the 1Iq- chromosome seemed to be differ
ent from a normal chromosome 11; we believe this chromosome
change is a deletion of a chromosomal segment at 1Iq24 (Fig.
2). However, a precise determination of the change of chro
mosome 11 cannot be made at this time. R-banding showed the
breakpoint on the 6q- chromosome to be 6q24.

Marker Studies in the ML Cells Expressing Myeloid and T-
Cell Phenotypes. Since the ML cells were derived from a patient
who suffered from T-cell malignant lymphoma who developed
an acute meyloid leukemic phase with a remission of only 2
months' duration, and the neoplastic cells of these two different
phases contained a common 1Iq- change, we decided to deter

mine the cytological characteristics of the ML cell lines (Table
1). The ML cells did not have erythrocyte- or erythrocyte +
antibody + complement-rosette receptors or surface immuno-
globulins, though some had erythrocyte + antibody-rosette
receptors. Most of the ML cells reacted with myelomonocytic
antigens, i.e., MCS-1, MCS-2, and OKM-1; some of them (40-

90%) had My 1, My 4, My 7, and My 9. They also had
transferrin receptors and were peroxidase-positive. Approxi
mately 30% of the ML-1 cells, 80% of the ML-2 cells, and 70%
of the ML-3 cells reacted with Pan-T antigens (3Al/Leu-9),
and 20% of the ML-1, 80% of the ML-2, and 30% of the ML-
3 cells reacted with inducer/helper T antigens (OKT-4/Leu-
3a). The ML cells did not contain TdT activity or Tac (IL-2
receptor) antigens. These data indicate that the ML cells car
rying both myelomonocytic and T-lymphocytic characteristics.

Detection of a I In-cr.v-1Gene Deletion in ML Cell Lines. The
v-ets probe hybridized to bands of 6.2 kilobases and 0.83
kilobase in EcoRl digested control DNAs, two karyotypically
normal B-cell lines (BD/B and MC/B), and in the DNAs of the
ML cells. As reported previously, both the 6.2- and 0.83-
kilobase EeoRI-digested fragments which hybridized to the v-
ets probe are derived from the Hu-eis-\ locus which resides on
chromosome 11 and contains one of two subsets of \-ets ho
mologous sequences (12). The other v-efs-related human gene,
Hu-ets-2, is found on chromosome 21 (12). The Hu-ets-2 alÃele

is not reproducibly detected with this probe. The ML cells did
not show a rearrangement of the Hu-efs-1 sequences; however,
we observed a lower intensity of hybridization of the \-ets probe
to cellular DNAs of the ML cells when compared with control
DNAs. In contrast, the levels of the Hu-ets-l in the ML cells
did not differ significantly among ML-1, ML-2, and ML-3.
The intensity of the c-myc band at 13.2 kilobases in ML cell
DNA was approximately the same as those of the control DNAs
(Fig. 3/1). In order to substantiate this conclusion, a human ÃŸ-
globin probe and the v-ets probe were hybridized simultaneously
to a blot of ML cell and control cell DNAs digested with EcoRl.
If the chromosome deletion in the ML cell lines only involves
llq, then ML cell DNA will show only half the hybridization
intensity to Hu-efs-1 as ÃŸ-globin,since the gene for the latter is
located at 1Ipl5.5. In these experiments, relative band density
was analyzed by densitometric scanning. The average ratios of
the Hu-ets-\ and the 0-g'obin hybridized DNAs were approxi
mately half (0.509 or 0.449) in the ML cells (Table 2 and Fig.
3B). These results clearly indicate that the reduced hybridiza-

marl

Fig. 1. Representative quinacrine mustard-
Hoechst 33258-stained (Q-banding) karyotype
of an ML-2 cell showing a translocation be
tween chromosomes I and 14 (der( 1)1(1:14)-
(p22;ql3)-markcr 1 (marl)), a deletion of the
long arm of chromosome 6 [del(6)(q23 or q24)-
marker 2 (mar2)|. a trisomy of chromosome
12. a missing Y chromosome, and a deletion
of chromosome II |del(l lXq24)-(mar3)].

>i) H K U II HI
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Fig. 2. Representative R-banded karyotype
of an ML-2 cell, showing a terminal deletion
of a chromosome 11 (mar3). A positive ter
minal 1Iq25 band with R-banding pattern was
not present in the 11qâ€”chromosome; how
ever, the l h] contained a positive terminal
band, possibly I Iq23. Chromosome 13 seemed
to be normal. One chromosome 10 is missing.

Table 1 Phenotypic characteristics of ML cell lines

MarkerSurface

membranemarkersEÂ°
rosetteEA

rosetteEAC
rosetteSmlg

(Â«,A,a, Â».-,,ii)Myelomonocyte

anti
gens:B-cell

associated antigens:Monoclonal

antibodyMCS-1MCS-2My

1My
4My
7My
9OKM-1BA-1B2B4HLA-DRJ-5ML-103000100100100406010080000900ML-20400010010010050SO901000001000ML-304000100100100807090100000900

T-cell associated antigens:
Pan T
Pan T
E receptor
T3
Inducer/helper
Suppressor/cytotoxic
Thymus
"T-ALL"

Activation related antigens:
Transferrin receptor
IL-2 receptor

Other markers
Terminal transferase
Peroxidase

083

OKT-l/Leu-1
3Al/Leu-9
OKT-ll/Leu-5
OKT-3/Leu-4
OKT-4/Leu-3a
OKT-8/Leu-2a
OKT-o/Leu-6
SN-1

B3/25/OKT-9
Tac

0
30

0
0

20
0
0
0

80
0

0
90

0
80
0
0

80
0
0
0

100
0

0
80

0
70

0
0

30
0
0
0

100
0

0
80

" E, erythrocyte; EA, erythrocyte + antibody; EAC, erythrocyte + antibody +

complement.

tion levels of the Hu-ets-l in the ML cells are not due to a loss
of a whole chromosome 11. Other restriction enzymes were
used in an attempt to delineate any alterations in the remaining
Hu-eÃs-1alÃele.To date no differences have been observed (data
not shown).

In contrast, Â£coRI-digested DNA from the leukemic cells
with t(4;ll)(q21;q23) or t(l;ll)(q21;q23 or q24) did not show

13.2

Fig. 3. A, hybridization of the v-ets probe (980 base pairs Ilind\\\/Hpa\
digested p?ttBB3) to EcoRl digests of the ML-1, -2, and -3 cells and MC/B and
BD/B cells recognized 6.2- and 0.83-kilobase fragments in these cells. The
intensities of the \-ets hybridized DNAs from the ML cells are low when compared
to those from MC/B and BD/B. [MC/B and BD/B: Epstein-Barr virus trans
formed lymphoblastoid cells with normal karyotypes). The same blot was rehy-
bridized with 32P-labeled c-myc, showing no particular difference of the c-myc

hybridized DNA among these cells. B, another Southern blot hybridization of the
v-ets and human /i-globin cDNA labeled with phosphorus-32 to EcoRl digests of
the ML, MC/B, and BD/B cells, showing again low intensities of the \-ets
hybridized DNAs in the ML cells. No particular difference in the \-ets hybridized
DNAs was detected among the ML-1, -2, and -3. Samples (20 Mg)of DNAs were
digested with EcoRl and fragments were resolved in 0.8% agarose gels. Immobi
lized DNA was hybridized under stringent conditions with the v-ets and human
.Ãc̄lobin cDNA probes labeled with phosphorus-32.

altered sized fragments when hybridized to the v-ets probe,
indicating that within the limits of detection, 8.0 kilobases, no
rearrangement within or loss of the Hu-ets-\ sequences has
taken place in these leukemic cells (Fig. 4).

DISCUSSION

Biphenotypic Nature of the ML Cells. The immunologie
findings, taken together with the cytogenetic observations, in
dicate that the ML cells probably originated from stem cells
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Table 2 Relative density of bands obtained with hybridized Hu-ets-I DIVA
fragments versus that ofÃŸ-globin of cell lines ML-1, ML-2, and ML-ÃŒand of

EBV transformed lymphoblastoid cell lines (MC/B and BD/B) with normal
karyotypes

0.83-kuobaseett-l/
3.1 -kilobaseff-globinCell

linesMC/B

BD/B
Average
ML-1
ML-2
ML-3
AverageDensity*0.50

0.61
0.55
0.18
0.28
0.38
0.23Ratio1.000

0.327
0.509
0.690
0.5096.2-kilobaseitt-l/

3.1-kilobascfi-globinDensity0.55

0.32
0.435
0.11
0.08
0.16
0.12Ratio1.000

0.253
0.727
0.368
0.449

1Ratio of Hu-ets and /3-globin DNA measured by scanning densitometry.

ets-1

/3-globin

0.83-1 ff/5-1

Fig. 4. Hybridization of the v-ets probe and human /i-globin cDNA labeled
with phosphorus-32 to Â£coRIdigests of the ML cells (ML-1, ML-2, and ML-3),
control DNAs (from MC/B and BD/B cells), and DNAs from leukemia patients
with t(4;l I)(q2l;q23) or t(l;l I)(q21;q23 or q24). Â£coRIdigested DNAs from the
leukemic cells with the t(4; 11)(q21 :q23) or t( 1; 11)(q21 ;q23 or q24) did not show
altered fragments hybridized to the v-ets probe, showing no rearrangement within
or loss of Hu-ew-1 sequences.

with a limited capability to differentiate into cells with both
myeloid and T-lymphocyte characteristics; some of the cultured
cells expressed both phenotypes. One interpretation is that the
leukemic cells had abnormal gene expression of surface anti
gens, so called lineage infidelity (26). A more likely explanation
for the phenotypic expression of the leukemic cells is intraclonal
lineage conversion (27) [lineage promiscuity (27) or lineage
switch (28, 29)] of the leukemic cells, since the neoplastic cells
of the patient changed from those of T-cell lymphoma to those
of AM L but with a common 1Iq- change. These data are of

interest, since leukemic cells with another common transloca
tion involving 11q23, [t(4; 11)(q21 ;q23)], also have biphenotypic
characteristics of myelomonocytic and B-lymphocytic nature
(8, 9), possibly indicating the 1Iq23â€”Â»q24change might occur
in stem cells which have a capability to differentiate into differ
ent cell lineages.

Loss of the Hu-ets-l AlÃelein the ML Cells. Molecular studies
revealed that the Hu-ets-l gene of the ML cells was half the
level as compared to controls, most likely indicating that one
of the Hu-ets-l alÃelesof the ML cells has been deleted. These
data along with the cytogenetic evidence suggest that 1Iq24 is
deleted in these cells in the chromosome region containing I lu
ets-l. The loss of allele(s) in neoplasia has been described in
some tumors. In hereditary retinoblastoma, hemizygosity for
chromosome 13 can progress somatically to homozygous dele
tion of 13q 14 by either mitotic nondisjunction or recombination

in tumor cells (30). Also, a mutation in the remaining alÃele
can produce retinoblastoma. Likewise, Wilms' tumors occa

sionally are associated with a deletion on chromosome 11 at
band p 13, showing a loss of heterozygosity for lip markers
(31-33). In other situations, homozygosity for a recessive alÃele
could also occur as a result of mitotic recombination involving
two cytogenetically normal chromosome 13 homologues, one
of which had a recessive alÃele,without being associated with a
deletion at the chromosomal level. Furthermore, there is evi
dence that normal germ line alÃelesare often lost in human
tumors (34-37). Thus, the findings in the ML cells may repre
sent hemizygosity of the Hu-ets-l alÃelesassociated with the
cytogenetic change. Cells with a deleted Hu-ets-l, i.e., those
containing the llqâ€” chromosome, might then have a muta-
tional event in the remaining Hu-ets-l alÃele.This notion is
similar to hypotheses for Wilms' tumor (31-33) and retino

blastoma (30).
Another possible implication of the loss of the one Hu-ets-\

alÃelemight be a gene dosage effect, as has been proposed in
the 5qâ€”syndrome with hemizygosity of the c-fms gene (38).
Sacchi et al. (15) observed low levels of Hu-ets-l related mRNA
without DNA alterations in the t(4;l I)(q21;q23) leukemic cells,
and postulated that the 1Iq23 chromosomal segment might be
a locus for a growth-regulatory factor (Hu-ets-l products) (15).
One possibility that unifies these apparently differing results is
the inactivation or down regulation of the translated Hu-ets-\
[as in cases with the t(4:11)(q21;q23) (15)], leading to a lower
level of Hu-ets-l transcripts. More recently, Rovigatti et al. (39)
reported a case of acute myelomonocytic leukemia with a ho
mogeneously staining region at Ilq23, in which the Ilu-m-l

was found to be rearranged and amplified. Thus, the findings
to date point to a heterogeneity in the mechanism of human
leukemia involving the 1Iq23â€”Â»q24region.
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