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ABSTRACT

A new human leukemia cell line with megakaryocytic features, desig
nated UT-7, was established from the bone marrow of a patient with
acute megakaryoblastic leukemia. Surface marker analysis revealed that
the majority of the cells reacted with monoclonal antibodies against
platelet glycoprotein Ib (CD42b), glycoprotein Ilb/IIIa (CD41a), MY 7
(CD13), MY 9 (CD33), and glycophorin A antigens. Cytogenetic analysis
showed a human male near-tetraploid karyotype with a modal chromo
some number of 92-96. Flow cytometry-derived DNA histograms dem
onstrated that the majority of the cells spontaneously contained 4 N
DNA ploidy levels. Ultrastructural study showed that platelet peroxidase
activity was weakly positive but myeloperoxidase activity was negative.
Ferritin and 0-granule, which have been used as ultrastructural markers
for the erythroid lineage, could not be detected. In response to phorbol
myristate acetate, platelet factor 4 and /8-thromboglobulin, which were
specifically synthesized in the process of megakaryocyte maturation,
dramatically increased in UT-7 cells. This was accompanied by an
increase in cell size, ploidy level, platelet peroxidase activity, and the
surface density of glycoprotein Ilb/IIIa antigen. These findings suggest
that UT-7 is a new leukemic cell line with megakaryocytic features and
with the potential to differentiate into cells with more mature megakar
yocytic properties in response to phorbol myristate acetate.

This cell line showed strict dependency on interleukin 3 (IL-3), gran-
ulocyte-macrophage colony-stimulating factor, or erythropoietin. The
maximal effective doses of IL-3, granulocyte-macrophage colony-stimu
lating factor, and erythropoietin for proliferation in liquid culture wer?
10 units/ml, 1 ng/ml, and 1 unit/ml, respectively. These concentrations
were comparable to the doses that maximally stimulate the clonal growth
of normal hemopoietic cells. II -6 could stimulate the proliferation of
UT-7 cells but not maintain the line in long-term culture.

UT-7 cells may be a useful model for (a) the analysis of gene regulation
of megakaryocytic maturation-associated proteins expressed in the proc
ess of megakaryocytic differentiation and (h) the study of signal trans-
duction of hemopoietic factors associated with megakaryocytopoiesis.

INTRODUCTION

The humoral regulation of thrombopoiesis remains poorly
understood despite recent advances in cellular and molecular
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biology. IL-3,1 GM-CSF, and Ep have been shown to promote

the proliferation and maturation of megakaryocytic progenitors
(1-6). Recently, it was reported that IL-6 also acts on mega
karyocytopoiesis (7-9). Since megakaryocytes are a very minor
component of hemopoietic tissue, it is difficult to study the
mechanism of signal transduction of these growth factors in
detail. Therefore, permanent cell lines of human megakaryocy
tic lineage which respond to these hemopoietic factors have
long been searched for. Several human megakaryoblastic cell
lines have already been established and reported (10-18).
Among them, M-07, which was obtained from a patient with
acute megakaryoblastic leukemia, responds to IL-3 (15), while
T-33, derived from a patient with chronic myelogenous leuke
mia, responds slightly to Ep (16). We previously reported that
CMK, which was derived from a Down's syndrome patient with

acute megakaryoblastic leukemia, shows growth response to
IL-3 and GM-CSF but not to Ep (19). However, all these cell
lines autonomously proliferate without these hemopoietic fac
tors. We describe in this report the establishment of a new
human leukemia cell line, designated UT-7. To the best of our
knowledge, this is the first human megakaryoblastic cell line
which absolutely requires GM-CSF,IL-3, Ep, or IL-6 for growth
and survival. It is noteworthy that these hemopoietic factors
are said to be involved in megakaryocytopoiesis.

MATERIAL AND METHODS

Case History. The cell line described in this report was derived from
a bone marrow sample of a 64-year-old man with acute megakaryo
blastic leukemia. He was admitted to the Kawasaki Medical School
Hospital on June 2, 1988, because of a bleeding tendency. He had mild
hepatomegaly and petechiae at the time of admission. Peripheral blood
counts were as follows: RBCs, 2.61 x 10'VHter; hemoglobin, 7.9 g/dl;
hematocrit. 28.4%; platelets, 13.0 x lO'/liter; and WBCs, 4.7 x IO'/

liter with 1% blasts. The bone marrow specimen revealed a hypercellular
marrow infiltrated with 36% blasts having a basophilic cytoplasm,
cytoplasmic blebs, and intracellular vacuoles. The blasts were positive
for factor Vili and glycoprotein Ilb/IIIa, leading to a diagnosis of acute
megakaryoblastic leukemia, M7, according to the FAB classification
(20). The patient died of intracranial bleeding on August 2, 1988.

Cell Culture. On July 12, 1988, a heparinized bone marrow sample
was obtained with the patient's informed consent and brought to Jichi

Medical School. Mononuclear cells were separated using Ficoll-Conray

3The abbreviations used are: IL. interleukin: CSF. colony-stimulating factor;
GM-CSF. granulocyte-macrophage CSF; Ep. erythropoietin; IMDM, Iscove's
modified Dulbecco's medium: PBS, phosphate-buffered saline; GP. glycoprotein;
PPO. platelet peroxidase: PMA. phorbol- I2-myristate-13-acetate; G-CSF. gran-
ulocyte CSF: M-CSF. macrophage CSF; MTT. 3-(4.5-dimethyIthiazol-2-yl)-2.5-
diphenyltetrazolium bromide: PF4. platelet factor 4; fi-TG. /j-thromboglobulin.
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gradient centrifugation. The cells were washed Â¡nIMDM (GIBCO
Laboratory, Grand Island, NY) and then seeded in Falcon 3013 plastic
tissue culture flasks (Falcon; Becton Dickinson, Oxnard, CA) at IO6

cells/ml with 10 ml of IMDM supplemented with 10% fetal calf serum
and 1 ng/ml GM-CSF. Cultures were performed at 37Â°Cin a 5% CO2

humidified atmosphere in an incubator. When continuous growth of
the cells was observed, cloning was performed by the limiting dilution
method. The cells were fed once or twice weekly by partial replacement
of spent medium with fresh medium. No feeder cells were used. Cell
numbers and viability were assessed by the trypan blue dye exclusion
test.

Morphological and Cytochemical Studies. Light microscopy exami
nation was performed on May-Grunwald-Giemsa-stained cytospin
preparations. Cytochemical staining for myeloperoxidase, acid phos-
phatase, Â«-naphthyl acetate esterase, a-naphthyl butyrate esterase,
naphthol AS-D chloroacetate esterase, alkaline phosphatase, Sudan
black B, and periodic acid-Schiff were performed by standard methods.

1 ItrastriK-turul Studies. The UT-7 cell suspension was centrifuged at

1200 rpm for 10 min, washed three times in PBS, and fixed in 2.5%
glutaraldehyde in PBS for 20 min at 4Â°C.Postfixation by osmium

tetroxide, dehydration, and embedding were performed by standard
procedures. Ultrathin sections were examined using a Hitachi H-500
electron microscope (Tokyo, Japan).

Simultaneous Detection of GPIIb/IIIa and PPO Activity. PPO stain
ing was performed according to standard methods (21). UT-7 cells,
with or without treatment with 10 ng/ml PMA for 5 days, were
incubated in 3,3'-diaminobenzidine and H2O2 medium for 1 h. After

three washes in PBS, the cells were fixed in 0.5% glutaraldehyde in
PBS for 10 min at room temperature, followed by three washes Â¡nthe
same buffer. After the addition of aggregated IgG for blocking nonspe
cific reactions of the Fc receptor, cells were incubated for l h at 4Â°C

with 200 ,/l of 224B (monoclonal antibody against GPIIb/IIIa antigen)
(18) diluted to 1/25 in PBS. After three washes Â¡ngold buffer (50 m.M
Na2HPO4, 1.5 mg/ml polyethylene glycol; M, 4000), cells were incu
bated for l h at 4Â°Cwith 200 ^1 of goat anti-mouse IgG coupled to 20-

nm gold particles (E-Y Laboratories Inc., San Mateo, CA) diluted to
1/25 in gold buffer. After three washes in gold buffer, the cells were
fixed in 2% glutaraldehyde in PBS for 10 min at room temperature.
Postfixation by osmium tetroxide. dehydration, and embedding were
performed by standard procedures for electron microscopy.

Analysis of Cell Surface Markers by Immunofluorescence Staining.
Cell surface antigens were detected by immunofluorescence staining
with the monoclonal antibodies shown in Table 1. Monoclonal anti
bodies P2, SZ22, SZ21, SZ2, and D2-10 were purchased from Im-
munotech (Marseilles, France); Leu4, Leu lib. Leu 12, Leu 13, and
HLA-DR were from Becton-Dickinson Co. (Sunnyvale, CA); and MY4,

MY7, MY9, MY10, Mol, Mo2, T3, Til, Bl, B4, and J5 were from
Coulter Immunology (Hialeah, FL). Surface marker studies were car
ried out as follows: UT-7 cells were incubated for 30 min at 4Â°Cwith

the appropriately diluted monoclonal antibodies. After washing, the
cells were reincubated with fluorescence-labeled goat anti-mouse Â¡m-
munoglobulin (Tago) for 30 min at 4Â°C.Following a second washing,

fluorescence analysis was performed using a Becton Dickinson flow
cytometry analyzer (Facstar; Becton Dickinson), using 10,000 cells for
each antibody. The proportion of positive cells was determined by
comparison with cells that were reacted with the fluorescein isothio-
cyanate-conjugated secondary' antibody alone as a negative control.
"Negative" denotes <8% positive cells under conditions in which the

negative control showed 5% positive background.
Cytogenetic Analysis. UT-7 cells were incubated at 37Â°Cfor 24 h in

deacetyl-methylcolchicine medium (Colcemid, 0.02 /jg/ml; CIBA). Air-
dried chromosome slides were prepared as described previously (22),
and karyotypes were analyzed with Q banding. Karyotypes were de
scribed according to the International System for Human Cytogenetic
Nomenclature (23).

Hemopoietic Factors. Recombinant human IL-la and .1.with specific
activities of 1.5 x IO7units/mg were provided by Otsuka Pharmaceu

tical Co. (Tokushima, Japan). Recombinant human IL-2, with a specific
activity of 1 x 10s units/mg, was the gift of Kyowa Hakko Kogyo Co.

(Tokyo, Japan). Recombinant human IL-3, IL-4, and IL-6, with specific
activities of 1 x 10s, 1 x 10", and 1 x IO7units/mg, respectively, were

purchased from Genzyme Co. (Boston, MA). Recombinant IL-5, with
a specific activity of 1 x IO6 units/mg, was kindly provided by the

Suntory Institute for BiomÃ©dicalResearch (Osaka, Japan). Recombi
nant GM-CSF, with a specific activity of 1 x 10' units/mg, was the gift

of Sumitomo Pharmaceutical Co. (Osaka, Japan). Recombinant human
G-CSF, with a specific activity of 5.0 x IO7units/mg, was provided by

Chugai Pharmaceutical Co. (Tokyo, Japan). Recombinant Ep, with a
specific activity of 1.7 x IO5units/mg, was a gift of Snow Brand Milk
Products Co. (Tochigi, Japan). Native human M-CSF, with a specific
activity of 1.4 x 10s units/mg, was kindly provided by Dr Kazuo

Motoyoshi of Jichi Medical School.
Colorimetrie MTT Assay. Cell growth was estimated by a modified

version of the colorimetrie MTT assay of Mosmann (24). Briefly, 20 n\
of a sterilized 5 mg/ml MTT (Sigma Chemical Co.) solution was added
to each culture well containing 0.1 ml of cell suspension at the comple
tion of culture. After 5 h of incubation. 100 n\ of 10% sodium dodecyl
sulfate solution was added to the wells and mixed thoroughly to dissolve
the dark blue crystals. Plates were read using a microplate reader (model
3550; Bio-Rad) at a wavelength of 595 nm.

Defined Reagents. PMA (Sigma) was stored at â€”80Â°Cin solution

with dimethyl sulfoxide and was diluted Â¡nthe IMDM culture medium

Table 1 Surface antigen characterization of UT- 7 cells
UT-7 cells were incubated for 30 min at 4Â°Cwith the appropriately diluted monoclonal antibodies listed. After washing with PBS three times, the cells were

reincubated with fluorescent goat anti-mouse immunoglobulin for 30 min at 4*C. Following a second washing, fluorescence analysis was performed using a Becton

Dickinson flow cytometry analyzer (Facstar; Becton Dickinson). A total of 10.000 cells were analyzed for each antibody. Negative. <8% of positive cells under the
conditions in which the negative control showed a 5% positive background.

Monoclonal
antibodySZ2P2SZ22SZ21HLA-DRMY7MY9MY

10D2-10MolMY4,

LeuM3,Mo2LeuMITilLeu4,

T3B4,
Leu12BlJ5Leu

11bCDCD42bCD41aCD41bCD61CD

13CD33CD34CDUCDI4CDI5CD2CD3CD19CD20CD10CD16Antibody

specificityPlatelet

GPIbPlatelet
GPIIb/IIIaPlatelet
GPIIbPlatelet
GPIlIaHuman

laantigenMyeloid.
hemopoieticcellsHemopoietic

cellsHemopoietic
cellsGlycophorin
AMonocyte.
granulocytcMonocyteGranulocytePan

T-cellsMature
T-cellsPan
B-cellsPan
B-cellsCommon

acute lymphocyticleukemiaNatural
killer cells IgG-Fc receptorPositive

cells
(%)96.182.488.196.850.499.288.353.873.721.7Negative23.7NegativeNegativeNegativeNegativeNegative15.0
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just before use and then added to the liquid cultures.
DNA Content Analysis. The DNA content was determined according

to a modified version of the method of Krisiimi (25). Briefly, 5 x 10'

cells were washed twice with cold PBS and fixed with 50% methanol
for 30 min at 4Â°C.After washing with cold PBS, the cells were treated
with RNase (1 mg/ml) for 35 min at 37Â°Cand suspended in a 0.1%

sodium citrate solution containing 50 Mg/ml propidium iodide. They
were then placed on ice for at least 20 min before flow cytometric
analysis on a Becton Dickinson flow cytometry analyzer (Facstar). The
ploidy distribution of the cells was compared with freshly prepared
normal human peripheral lymphocytes.

Preparation of UT-7 Cell Lysates and Quantitative Analysis of PF4
and (8-TG. UT-7 cells cultured in various kinds of conditions were
harvested and centrifuged at 400 x g for 10 min, and the pellets were
rinsed two times with PBS. The PMA-treated adherent cells were
detached by PBS containing 0.02% EDTA, rinsed twice with PBS, and
added to the PMA-treated, rinsed nonadherent cells. The UT-7 cell
lysates were obtained by two cycles of sonication (15 s at 40 W) of the
rinsed cells suspended in 700 pi PBS. Preliminary experiments dis
closed that this sonication process did not abolish the antigenicity of
the international standard PF4 or /3-TG (data not shown).

The enzyme-linked immunosorbent assay kits (Asserachrom PF4
and Asserachrom /3-TG; Diagnostica Stago, Asnieres, France) were
used for the quantitative determinations of PF4 and tf-TG contained in

UT-7 cells. Briefly, the diluted cell lysates of UT-7 cells in PBS and
the international standards of PF4 and /3-TG of several known concen

trations in phosphate buffer, pH 7.5 (0.05 mol/liter phosphate buffer
supplemented with 1 mg/ml Tween-20 and 1.8 g/ml sodium chloride),
were incubated in a multiwell enzyme-linked immunosorbent assay
plate coated with anti-human PF4 and anti-human /3-TG rabbit anti-
body-F(ab')2 portion (0.06 Â¿ig/well)for 2 h at room temperature.

Following the 2-h incubation and vigorous rinsing with washing solu

tion (0.01 mol/liter phosphate buffer supplemented with I mg/ml
Tween-20 and 9.0 g/ml sodium chloride, pH 7.0), the antibody and
enzyme conjugate (anti-human PF4 or /3-TG rabbit antibody conjugated

with peroxidase) solubulized in phosphate buffer at pH 7.5 (7.5 Â¿ig
conjugate/ml buffer) was added to each well and incubated for the next
2 h at room temperature. After completion of this reaction and vigorous
rinsing with washing solution, the substrate solution (orthophenylene-
diamine 0.4 mg/ml double-distilled water with 0.5 Â¿il/mlof 30% H2O2
solution) was added to each well. The absorbance at 490 nm was
measured using an immunoplate reader (Immune-Reader NJ-2000,

InterMed) after stopping the peroxidase reaction with a small amount
(50 ^I/well) of 3 mol/liter sulfuric acid. The concentration of PF4 or
/3-TG in the cell lysates was determined by the standard curves obtained
by the absorbances of known concentrations of the international stand
ards of PF4 or /3-TG.

Fig. 1. Morphological characteristics of L'T-7 cells in culture (A and B). A, phase photomicrograph through an inverted microscope showing a large variability in
cell size. A few cells are also seen attached to the plastic culture dish by pseudopods (magnification, x 400). B, May-Grunwald-Giemsa-stained smear of UT-7 cells
(magnification, x 1000). The cells have cytoplasmic blebs and vacuoles. Morphological changes following treatment with PMA (Cand D). C, phase photomicrograph
showing that the majority of UT-7 cells became larger and attached to the plastic culture dish (magnification, x 400). D, May-Grunwald-Giemsa staining. Some cells
have multilobed nuclei and eosinophilic cytoplasm-containing granules (magnification, x 1000).
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Fig. 2. Electron microscopic phoiographs of UT-7 cells. A. a representative
UT-7 cell. A prominent nucleolus and a wide cytoplasm with endoplasmic
reticulum and numerous granules are presented (magnification, x 3,000). B,
PMA-treated UT-7 cells. A multilobulated cell is shown. No demarcation mem
branes are evident (magnification, x 3,400). Several granules with a central core
(arrowheads) resembling the Â«-granulesof megakaryocytes are visible (magnifi
cation, x 54,000). f'. simultaneous detection of GPIIb/IIla antigen and PPO
activity in a PMA-treated UT-7 cell. Gold particles (open arrowhead) coupled
with anti-GPIIb/IIla antibody are located on the cell surface membrane. PPO
activity (closed arrowhead) was also positive in the nuclear envelope (magnifica
tion, x 28.000).

RESULTS

Cell Culture. We obtained megakaryoblastic cells from the
bone marrow of a patient with acute megakaryoblastic leuke
mia. The cells proliferated very slowly for the first few weeks

after the initiation of culture. Based on our previous experience
(19), we added 1 ng/ml GM-CSF to the culture to promote
growth of the megakaryoblastic cells. The cells began to prolif
erate and continued to increase in numbers in liquid culture
with IMDM supplemented with 10% fetal calf serum. From
the suspension culture, a new cell line, designated UT-7, was
cloned by the limiting dilution method. One-half the medium
was replaced every 4 or 5 days. Currently, the cloned cells have
been cultured for >10 months in the presence of GM-CSF.
Doubling time was about 36-48 h in the presence of 1 ng/ml
GM-CSF. Cultures were free from Epstein-Barr virus and My-
coplasma contamination. In the presence of 1 ng/ml GM-CSF,
cell growth reached a plateau at the concentration of 4-5 x
105/ml, and viable cells rapidly decreased thereafter.

Morphology and Cytochemistry. There was a considerable
heterogeneity in the cell size and shape, with a range of 15-60
urn in diameter. Some of the cells adhered to plastic dishes and
extended pseudopods (Fig. \A). The cytoplasm was relatively
basophilic and contained only a few vacuoles (Fig. \B). Multi-
nucleated cells, approximately two to three times larger in
diameter than mononuclear cells, were observed infrequently.
Culture in the presence of 10 ng/ml PMA resulted in a sub
stantial decrease in proliferation, an increase in adherence to
the plastic dishes, and an increase in cell spread (Fig. 1C). The
majority of PMA-treated cells increased in size and developed
an eosinophilic color in the region of the cytoplasm-containing
granules. Some cells developed multilobed nuclei (Fig. ID).

UT-7 cells showed positivity for acid-phosphatase in a finely
granular pattern, positivity for Â«-naphthyl acetate esterase in a
diffuse pattern, and weak positivity for the periodic acid-Schiff
reaction. Â«-Naphthyl butyrate esterase activity could be de
tected, but its intensity did not change after NaF treatment.
UT-7 cells were negative for myeloperoxidase, Sudan black B,
naphthol AS-D chloroacetate esterase, and alkaline phospha-
tase.

Transmission Electron Microscopy. Untreated UT-7 cells
were weakly positive for PPO. Granules with a central core,
resembling Â«-granules,were infrequently observed, but demar
cation membranes and 0-granules containing ferritin were not
noted (Fig. 2A). In PMA-treated cells, the nucleus became
multilobulated and an increase in the numbers of Â«-granule-
like structures could be observed (Fig. 2B). As shown in Fig.
2C, GPIIb/IIla antigen and PPO activity could be detected
simultaneously in a single PMA-treated UT-7 cell. The PPO
reaction was observed in the nuclear envelope and endoplasmic
reticulum but not in the Golgi apparatus. Both PMA-untreated
and PMA-treated UT-7 cells were negative for myeloperoxi
dase.

Surface Markers. As summarized in Table 1, the majority of
UT-7 cells expressed GPIIb/IIla and GPIb antigen as well as
the HLA class I antigen, glycophorin A, and each antigen
recognized by MY7 and MY9, respectively. Moreover, UT-7
cells reacted with MY10 which recognizes multipotent progen
itors. Lymphoid antigens were uniformly absent.

Cytogenetic Analysis. Cytogenetic study of the bone marrow
specimen obtained at the time of hospital admission showed:
44XY, -5, -9, -13, -14, -16, -19, +20, +22, der(9),
t(9;?)(ql 1;?), +4mar. UT-7 had a near-tetraploid karyotype
with a modal chromosome number of 92-96. A representative
karyotype was: 92,XXYY, -2, -2, +der(2)t(2;5)(2pl l;5qll),
+der(2)t(2;5)(2pll;5qll), -3, +6, -11, -11, -13, -13, -13,
-14, -17, -17, -18, -18, -19, -20, -21, -21, +Marl-18

(Fig. 3).
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Fig. 3. A representative karyotype of the UT-7 cell line from a metaphase stained for Q bands showing 92. XXYY, â€”2,â€”2,+der(2)t(2:5)(2pl l;5ql 1),
+der(2)t(2;5)(2pl l:5ql 1), -3, +6, -11, -11. -13, -13. -13, -14. -17. -17, -18. -18, -19. -20. -21. -21, +Marl-18.
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Fig. 4. Proliferative responses of UT-7 cells to recombinant human (rh) GM-

CSF (O; ng/ml). rhEp (Q unit/ml). rhlL-3 (A: unit/ml), or rhIL-6 (X; ng/ml).
Cells were plated at 104/well in IMDM in the presence of increasing concentra

tions of growth factors. MTT incorporation was measured after 3 days of culture.
OD, absorbance.

IL-3-, GM-CSF-, or Ep-dependent Growth. We investigated
the ability of other hemopoietic factors to substitute for GM-
CSF in supporting the proliferation of UT-7 cells. To determine

the optimal concentration of hemopoietic factors to induce a

Fig. 5. Growth curve of UT-7 cells in chemically defined IMDM in tissue
culture Falcon flasks in the presence of rhGM-CSF (X; 1 ng/ml). rhlL-3 (â€¢;10
units/ml). rhEp (D; 1 unit/ml), and rhIL-6 (O; 10 ng/ml) or in the absence of
hemopoietic growth factors (A). Cell numbers and viability were assessed by the
trypan blue dye exclusion test.

proliferative response, MTT incorporation was performed in
the presence of various concentrations of hemopoietic factors.
As shown in Fig. 4, in the MTT assay UT-7 cells displayed
proliferative responses to IL-3, Ep, and GM-CSF, with maxi-
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Fig. 6. Effect of PMA on the changes in DNA content and surface markers of
UT-7 cells. A, flow cytometry analysis of DNA content of untreated-UT-7 cells
(left) and PMA-treatcd UT-7 cells (right). Cells were cultured in the presence or
absence of 10 ng/ml PMA for 5 days, harvested, and fixed with 50% methanol.
Nuclei were stained with propidium iodide. Freshly prepared lymphocytes were
used as the standard. For each sample. 30.000 cells were analyzed. The major
peak on left shows the proportion of cells in the population with a 4 N complement
of DNA. The subsequent two peaks, representing the proportion of cells with
ploidy of 8 and 16 N, respectively, could be clearly observed on right. B, changes
in fluorescence intensity. Solid lines, UT-7 cells cultured in the absence of PMA;
doited line, UT-7 cells cultured in the presence of PMA. Left, cells reactive with
P2. monoclonal antibody against platelet GPIIb/lIIa complex: right, cells reactive
with D2-IO, monoclonal antibody against glycophorin A. For each sample. 5.000
cells were analyzed.

2468 10 (Â«ays)

Fig. 7. Time course of increase in production of PF4 (â€¢)and tf-TG (O) by
PMA-treated UT-7 cells. Cells (1 x 10') were cultured in the presence of 10 ng/
ml PMA and harvested after the incubation time described. PF4 and rf-TG levels
were measured as described in "Materials and Methods."

mal proliferation being induced by 10 units/ml IL-3, 1 unit/ml
Ep, and 1 ng/ml GM-CSF. The maximal growth-promoting
activities of the concentrations of GM-CSF, IL-3, or Ep were
almost equal. These concentrations were comparable to those
that stimulate normal hemopoietic progenitor cells. Based on
these observations, we investigated the ability of these hemo
poietic factors to maintain the growth of UT-7 cells. As shown
in Fig. 5, IL-3, Ep, and GM-CSF could support continuous
proliferation of UT-7 cells. Moreover, these factors could in
dependently maintain a liquid culture for >10 months. How

ever, in the absence of these factors, the cells stopped prolifer
ating promptly and died within 4-5 days. This suggested that
UT-7 cells are strictly GM-CSF, IL-3, or Ep dependent for
their growth and survival. UT-7 cells also responded to IL-6 in
the range of 1-100 ng/ml for growth and the activity of IL-6
reached a plateau at the concentration of 10 ng/ml, which is
the optimal concentration for B-cell proliferation. However,
UT-7 cells could not be maintained by IL-6. The cells did not
respond to IL-1Â«(<1,000 units/ml), IL-1/3 (<1,000 units/ml),
IL-2 (<10,000 units/ml), IL-4 (<1,000 units/ml), IL-5 (<1,000
units/ml), G-CSF (<100 ng/ml), or M-CSF (< 10,000 units/
ml), and synergism of these factors and IL-3, GM-CSF, Ep, or
IL-6 was not seen (data not shown).

Effect of PMA on Differentiation of UT-7 Cells. UT-7 cells
were predominantly 4 N with a small proportion containing 8
N ploidy (Fig. 6A, left). Following treatment with 10 ng/ml
PMA for 5 days, UT-7 cells were divided nearly equally between
cells of 4 and 8 N and a few 16 N cells were also observed (Fig.
6A, right). Moreover, PMA increased the expression of GPIIb/
Ilia but not of glycophorin A (Fig. 6B). Fig. 7 shows the time
course of increase in synthesis of PF4 and /i-TG. Before treat
ment with PMA, UT-7 cells synthesized only low levels of these
proteins. With the addition of PMA, the amounts of these
proteins dramatically increased from the fourth day of culture.
These findings suggested that, by treatment with PMA, UT-7
cells can differentiate into cells with more mature megakary-
ocytic features.

The Synergistic Effect of IL-3, GM-CSF, Ep, or IL-6 on the
Proliferation of UT-7 Cells. To examine whether these four
hemopoietic factors acted synergistically, we performed the
isobologram analysis (26). MTT assays performed in the pres
ence of varying concentrations of IL-3 and GM-CSF demon
strated that these two factors acted synergistically on the pro
liferation of UT-7 cells when added at concentrations of <10
units/ml IL-3 and 0.72 ng/ml GM-CSF (Fig. 8). Similarly,
GM-CSF (<0.72 ng/ml) and Ep (<1 unit/ml) or IL-3 (<10
units/ml) and Ep (<1 unit/ml) had synergistic effects (Fig. 8).
Moreover, the combinations of IL-6 and IL-3, GM-CSF, or Ep
also had synergistic effects on the proliferation of UT-7 cells.
However, compared to the original UT-7 cells, the significant
changes in antigenicity of UT-7 cells were not observed in
different combinations of these factors, except that the expres
sion of glycophorin A was slightly inhibited in the presence of
both Ep and IL-6 (data not shown).

DISCUSSION

UT-7 cells were identified as a leukemic megakaryocytic cell
line because of the following features: (a) PPO positivity, (b)
expression of GPIIb/IIIa and GPIb, and (c) a near-tetraploid
karyotype with >4 N DNA ploidy level. Moreover, PMA treat
ment resulted in the cells developing more mature megakary
ocytic properties. There was an increase in the population of
cells with an 8 N DNA content, PPO activity, and the expres
sion of GPIIb/IIIa. Moreover, megakaryocytic maturation-as
sociated proteins such as PF4 and #-TG increased in response
to PMA. Therefore, UT-7 may be useful for isolating specific
proteins which appear in the process of differentiation into
mature megakaryocytes or for studying the regulation of genes
encoding these proteins.

The antigens recognized by MY7, MY9, MY 10, anti-glyco-
phorin A, and HLA-DR antibodies were expressed on the
surface of UT-7 cells in addition to GPIIb/IIIa and GPIb
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Fig. 8. Isobologram showing the synergistic or additive effects of IL-3. GM-CSF. Ep. or IL-6 on the proliferation of UT-7 cells. Cells were plated at IO4cells in
the presence of any two of the four hemopoietic growth factors: IL-3 (0-100 units/ml). GM-CSF (0-10 ng/ml). Ep (0-10 units/ml), or IL-6 (0-100 ng/ml). The
proliferation of cells was assessed by MTT assay and all data were calculated as the mean of quadruplicate wells and were subjected to an isobologram analysis. Any
distance below is indicative of synergistic interaction.

antigens. MY9, M Y10, and HLA-DR antigens, which are de
tected in early hemopoietic progenitors, are also expressed on
the surface of immature megakaryoblasts (27). Glycophorin A
is an erythroid marker. However, ultrastructural examination
revealed that ferritin and 0-granules, which indicate erythroid
lineage (28), could not be detected in UT-7 cells. Glycophorin
A is also detected in other megakaryoblastic cell lines such as
LAMA-84 (14), Dami (17), and CMK (18). It is also detected
in erythroleukemic cell lines which express megakaryoblastic
features, such as K562 (29) and HEL (30), or in specimens
from megakaryoblastic leukemia patients. This suggests a close
relationship between erythroid and megakaryocytic cell differ
entiation. A granulocytic marker, MY7 antigen, is frequently
detectable on M7-derived megakaryoblastic cell lines (15, 17,
18). This finding is consistent with the recent report that M7
is a clonal disease that involves a pluripotent stem cell capable
of differentiating along the granulocytic and megakaryocytic
pathways (31). Moreover, the expressions of MY7 and glyco-
phorin A antigens can be explained by the concept that the cells
are aberrantly expressing proteins that are transiently expressed
during the normal developmental process of the cell. However,
we know very little about biochemical events and protein
expression during commitment to a single line of differentia
tion.

Very few known factor-dependent hemopoietic cell lines ex
ist. Lange et al. (32, 33) reported the establishment of three
GM-CSF-dependent cell lines, whose phenotypes were early
T-, myeloid, and B-myelomonocytic cells. Kitamura et al. (34)
have established a GM-CSF-, IL-3-, or Ep-dependent cell line

(TF) from a patient with erythroleukemia. However, Ep could
not support the continuous growth of TF-1. Moreover, the cell

line differentiates into macrophages following PMA treatment
(34). We believe that UT-7 is a unique cell line for the following
reasons: (a) it is a hemopoietic factor-dependent cell line with

megakaryocytic features and (b) its proliferation is continuously
supported by Ep. UT-7 absolutely required GM-CSF, IL-3, or
Ep for growth and survival. The cells also responded to IL-6
but not to G-CSF, M-CSF, IL-1, IL-2, IL-4, or IL-5. It is
noteworthy that GM-CSF, IL-3, Ep, and IL-6 are known to
affect megakaryocytopoiesis in vitro ( 1-9). This finding suggests
that UT-7 cells retain the response to hemopoietic regulatory

factors, although not undergoing differentiation and cell death.
Therefore, this factor-dependent cell line can be viewed as an
immortalized equivalent of normal megakaryocytic progenitors
and precursors.

In conclusion, UT-7 provides a model for investigating the
signal transduction of these hemopoietic factors involved in
megakaryocytopoiesis. Moreover, UT-7 cells may be useful for
the purification of thrombopoietin.
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