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Abstract

Bone marrow cells from a patient with Ph' positive chronic
myelogenous leukemia in chronic phase were cultured for
multilineage hematopoietic colonies (CFU-GEMMT), erythroid
bursts, and granulocytic colonies. With CFU-GEMMTcolonies,
T lymphocytes were identified by reaction with monoclonal
antibodies Leu-5 and OKT-3; B cells were identified by reaction
with B1. All CFU-GEMMTcolonies examined contained the
Ph' chromosome. Recloned secondary colonies of T cells reacted
with Leu-5 and OKT-3 and were Ph' positive. This demonstrates
that Ph' positive T lymphocytes were generated from the
pluripotential stem cell of this patient. The presence of B cells
in the mixed colonies indicates that these may also be derived
from the neoplastic clone.

Introduction

The presence of a single isoenzyme type of glucose-6-phosphate
dehydrogenase (G-6-PD)' in erythroblasts, granulocytes, mega-
karyocytes, and probably lymphocytes in women with chronic
myelogenous leukemia heterozygous for this enzyme and the
presence of the Ph' chromosome in these cells provides evidence
that all of these cell types may be derived from a neoplastic
multipotential progenitor cell (1-3). Rearrangement of im-
munoglobulin genes in the cells of lymphoid blast crisis
suggests that the neoplastic clone also produces cells of the B-
lineage containing cytoplasmic immunoglobulin ,u chain (4).
The origin of T lymphocytes and B lymphocytes during the
chronic phase of this disease remains uncertain.

To determine the lineage of mature T and B cells in
chronic myelogenous leukemia in chronic phase, we used the
culture assay for primary mixed colonies (CFU-GEMMT) (5-
9), and the technique of the clonal expansion of lymphoid
elements (8) from such colonies to determine if lymphocytes
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1. Abbreviations used in this paper: CFU-GEMMT, primary mixed
hematopoietic colonies; EPO, erythropoietin; G-6-PD, glucose-6-phos-
phate dehydrogenase; PAP, peroxidase-anti-peroxidase; PHA, phyto-
hemagglutinin; TCM, T cell conditioned medium.

grown from single colonies contained the Ph' chromosome.
Wehave recloned secondary colonies of lymphocytes derived
from CFU-GEMMTcolonies containing the Ph' chromosome,
we have identified the lymphocyte lineage of these cells using
monoclonal lymphocyte markers (10, 11), and we have ex-
amined these for the Ph' chromosome. The study demonstrates
that such secondary colonies, characterized at T lymphocytes
by such markers, contain the Ph' chromosome and thus seem
to be derived from the neoplastic clone.

Methods
Patient. Bone marrow was obtained from a 34-yr-old male with newly
diagnosed chronic myelogenous leukemia in chronic phase before any
treatment. The Philadelphia chromosome (Ph') was present in all
examined metaphases.

Preparation of T lymphocyte conditioned medium. Leu-5 positive
cells were separated with a FACS system from a patient with hemo-
chromatosis (12), and conditioned medium was prepared. 106 Leu-5
positive cells were incubated with 1% (vol/vol) human serum albumin
(Sigma Chemical Co., St. Louis, MO), Iscove's modified Dulbecco's
medium (Gibco Laboratories, Grand Island, NY), and 1% phytohe-
magglutinin (PHA) (Wellcome Research, Triangle Park, NC) and the
T cell conditioned medium (PHA-TCM) was harvested after 4 d of
incubation.

Preparation of cell suspensions. Bone marrow was aspirated into a
heparinized syringe. Mononuclear cells of d < 1.077 g/ml were obtained
by centrifugation in Ficoll-Paque (Pharmacia Fine Chemicals, Pisca-
taway, NJ). In most studies, 2 X 10-6 cells were added to thoroughly
washed plastic dishes previously coated with Leu-5 and Bl antibody.
After 1 h of incubation at 370C, the dishes were gently shaken and
supernatants containing nonadherent cells were transferred to a washed
BI antibody coated plate. After 1 h of incubation, supernatants were
doubly labeled with anti-Leu-l-PE (pan-T monoclonal, phycoerythrin
conjugated) and anti-BI + goat-anti-mouse Ig fluorescein isothiocyanate
(B cell associated antigen, goat-anti-mouse IgG + IgM F(ab)2 antibody).
These cells were analyzed using a FACSdual laser system. No stained
cells were detected in these supernatants, indicating the absence of T
cells and B cells. The cells adhering to the dishes were tested for T
and B cell characteristics by reaction with fluorescein isothiocyanate-
labeled goat F(ab)2 anti-mouse Igp antibody (Cappel Laboratories,
Cochranville, PA). 15% of the cells in the anti-Leu-5 coated dishes
stained with anti-Leu-5, and 4-9% of those adhering from the Bl
coated dishes stained with anti-B 1.

Culture conditions for mixed hematopoietic colonies. 200-sA aliquots
of the nonadherent T cell and B cell depleted supernatant were
admixed with 30% human fresh plasma, 5%PHA-TCM(Leu-5 positive
cells), Iscove's modified Dulbecco's medium, 2 X 10-i M mercapto-
ethanol, and methylcellulose at a final concentration of 0.9% (vol/vol)
(12). 28 replicate dishes, each containing 6-7 X 10' cells, were cultured.
This density of cells was selected because multilineage colonies derived
from bone marrow cells of G-6-PD heterozygous females revealed only
one isoenzyme type when plated at this density (13). The incubation
was performed at 37°C in a humidified atmosphere in 5% CO2. After
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4 d of incubation, I U of erythropoietin (EPO) (Step III; Connaught
Laboratories, Toronto, Canada) was added to 18 dishes of the cultures.
Mixed hematopoietic colonies were identified at day 18 by their
characteristic morphological appearance. These colonies contained cells
with the red color typical of hemoglobin, admixed with colorless cells
of various size (4-10). For further analysis, individual mixed hemato-
poietic colonies were removed by micropipette under sterile conditions
from the cultures (8).

Recloning of hematopoietic colonies. Individually aspirated CFU-
GEMMTwere divided into two parts. One portion was examined for
the presence of T cells or B cells by using the peroxidase-anti-
peroxidase (PAP) slide technique. The second portion of each individual
clone was replated as single cell suspensions in microtiter wells (Linbro
Chemical Co., Hamden, CT). To stimulate lymphocyte proliferation,
secondary plates contained 2.5% PHA-TCMand 0.5% PHA; no EPO
was added. After 12 d of culture, the plates (Linbro Chemical Co.)
were scored for secondary hematopoietic colonies. They were counted
and individual colonies were aspirated by micropipette as described
for primary colonies (8). The secondary colonies were again dissected
into two portions. One portion of each individual colony was examined
for cells expressing T cell antigens using Leu-5 and OKT3. The second
portion was subjected to cytogenetic analysis (3).

T cell and B cell markers on primary mixed hematopoietic colonies.
Individual colonies were aspirated from the cultures by micropipette
and were washed in Eppendorf micro test tubes. The pellets were
resuspended after centrifugation (5 min, 300 g). The aliquots were
either transferred onto poly-L-Lysine coated glass slides for staining of
surface antigens, i.e., anti-Leu-5 and BI, by the PAP method using a
glass slide technique described earlier (14, 15), or they were subcloned.

T cell markers in secondary hematopoietic colonies. Individual
secondary colonies were aspirated and washed as described. The pellet
was resuspended and one portion was transferred onto the coated glass
slides for surface antigen staining by the PAP method using anti-Leu-
5 or OKT3. The second portions were subjected to cytogenetic analy-
sis (3, 16).

Cytogenetic analysis of hemopoietic colonies. Mixed hemopoietic
colonies, erythroid bursts, granulocytic colonies, and aliquots derived
from individual secondary colonies were subjected to chromosome
analysis (3). 14 mixed colonies, 25 erythroid bursts, 25 granulocytic
colonies, and 39 secondary T cell colonies were examined.

Results

T lymphocytes in multilineage colonies. CFU-GEMMTwere
obtained from cultures of bone marrow from this untreated
patient with Philadelphia chromosome positive chronic my-
elogenous leukemia in chronic phase. Mixed colonies were
observed in cultures supplemented with 1 U of EPO and a
smaller number of the absence of exogenously added EPO.
The number of mixed colonies observed with EPO ranged
from 3 to 7 per plate, and without EPO, ranged from 1 to 4
per plate. Individual mixed colonies were examined for the
presence of T lymphocytes identified with the monoclonal
antibody anti-Leu-5 or OKT3. Cells reacting with anti-Leu-5
ranged from 0 to 17% and were found in -35% of individual
mixed colonies of the patient, irrespective of the presence or
absence of EPO. The number of positive cells for the half split
colony ranged from 0 to 71 cells. Individual erythroid bursts
and granulocytic colonies cultured in the same dishes were
found to be negative for T cell markers.

B cell associated antigen positive cells in multilineage
colonies. The second portion of CFU-GEMMTwas examined
for cells staining for B cell associated antigens (B11). In 49
individual multilineage colonies, eight clones were identified
that contained cells reacting with the B 1 antibody. The number

of cells positive for B1 ranged from 0 to 44 per examined
colony.

Examination of the 21 mixed colonies that grew in the
absence of EPOrevealed three colonies with B1 positive cells,
a proportion not different from those found in the presence
of EPO.

Analysis of secondary T cell colonies derived from multilin-
eage colonies. A number of primary multilineage colonies
formed secondary colonies upon replating in the presence of
2.5% PHA-TCMand 0.5% PHA. After 12 d of culture, indi-
vidual secondary colonies were aspirated, washed, and split
into two portions. The smaller portion of each individual
secondary colony was analyzed for Leu-5 or OKT3 staining.
All examined cells within each individual colony were either
Leu-5 or OKT3 positive.

Erythroid bursts and granulocytic colonies did not form
secondary colonies upon replating and did not react with
OKT3 or Leu-5 antibodies.

Cytogenetic analysis of secondary T cell colonfes derived
from multilineage primary colonies. Cells derived from 39
individual secondary T cell colonies confirmed by the reaction
with Leu-5 were subjected to cytogenetic analysis. The exam-
ination of 39 individual colonies revealed metaphases in 13 of
them. In 10 preparations, one metaphase was observed, and
in 3 preparations, two metaphases were identified. In addition,
eight secondary colonies were examined by OKT3. All cells
were OKT3 positive. All metaphases obtained from the sec-
ondary colonies were Ph' positive, as were the metaphases
obtained from individually examined mixed hematopoietic
colonies, erythroid bursts, and granulocytic colonies.

Discussion

The development of an in vitro assay for CFU-GEMMThas
provided a means of examining the progeny of single multi-
potent hemopoietic stem cells in human bone marrow when
this is plated at a low density of cells. We have previously
reported the presence of "pre-B" cells in such colonies from
normal subjects ( 13), and of B cells from both normal subjects
and patients with lymphocytic lymphoma (17). Different phe-
notypes of T lymphocytes have also been observed in such
colonies, including T cells reacting with the monoclonal anti-
bodies OKT3 and OKT4 (7, 8), and cytotoxic T cells with
OKT8 phenotype from patients with Hodgkins Disease (9).

We report the presence of subclones of cells with the T
lymphocyte phenotype from single colonies grown from a
patient in the chronic phase of chronic myelocytic leukemia.
All metaphases examined of these subclones contained the Ph'
chromosome, as did metaphases of erythroid and myeloid
cells. Cells with the B lymphocyte phenotype were also sub-
cloned from mixed colonies from this patient but cytogenetic
analysis of these is not available. This demonstrates that as in
normal subjects, single stem cells from this patient could
produce both lymphoid and myeloid progeny, and that the
Ph' chromosome was present in both hemopoietic and T
lymphocyte progeny.

Evidence using G-6-PD subtypes and cytogenetic analysis
has been published that in some patients with chronic myelo-
cytic leukemia, lymphocytes may be derived from the same
cell as the hemopoietic elements. The study provides direct
proof of this, and suggests that the Ph' chromosome probably
is present in a very early transformed stem cell in this disease.
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