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eage. Stem cell commitment is followed by a traverse
through two broad compartments. The first com-
partment contains progenitor cells while the second
compartment consists of maturing precursor cells.
The end result of this complex process is the forma-
tion of mature megakaryocytes, each capable of
releasing several thousand functional platelets.1-4 The
regulation of these events has been shown to be influ-
enced by a variety of positive, albeit not necessarily
lineage specific, growth factors including interleukin-
3, granulocyte-macrophage colony-stimulating fac-
tor, interleukin-6, interleukin-11, leukemia inhibito-
ry factor and erythropoietin.5,6

Recently, great excitation has been generated in the
field of megakaryocytopoiesis by the discovery of
thrombopoietin.7-16 This molecule, which has recent-
ly been identified and cloned, shows a potent throm-
bopoietic activity both in vitro and in vivo. In vitro stud-
ies document that thrombopoietin acts through the
Mpl receptor to promote proliferation and matura-
tion of megakaryocyte precursors.17,18 Additional
experimental evidence has demonstrated that throm-
bopoietin plays an important role for platelet for-
mation and release. Platelets derived from human
CD34+ cells in a liquid culture system are functional.17

Furthermore, when purified or recombinant proteins
were injected into recipient animals or patients with
advanced cancer, they increased the number, size and
ploidy of megakaryocytes and raised the platelet
count.20,21

The availability of continuous cell lines with mega-
karyoblastic or mixed megakaryoblastic/erythroid fea-
tures has afforded an important tool and a valuable
model to study megakaryocyte development and use-
ful information has been obtained from the resulting
studies.22-29 Furthermore, cell lines are especially inter-
esting for the megakaryocytopoiesis because the low
number of megakaryocytes in the bone marrow has
hampered the study of this lineage. We therefore
decided to investigate whether PEG-rHuMGDF, a
pegylated and truncated form of thrombopoietin, is
able to influence the proliferation and differentiation
of the human erythroleukemia cell line (HEL), since
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Background and Objective. Thrombopoietin has been
established as the major regulator of megakaryocyte
and platelet production. In this study we evaluated
the effects of PEG-recombinant human megakary-
ocyte growth and development factor (PEG-
rHuMGDF), a pegylated and truncated form of throm-
bopoietin, on the growth and differentiation of the
HEL cell line. As a model system we chose the
pluripotent HEL line that acquires multiple markers
of the megakaryocyte/platelet phenotype following
treatment with phorbol esters, and, more important-
ly, expresses the receptor for thrombopoietin (Mpl
receptor) at its cellular surface. 

Design and Methods. The effect of PEG-rHuMGDF on
HEL proliferation/differentiation was evaluated in a
liquid culture assay. 

Results. Peg-rHuMGDF do not increase the prolifer-
ative capacity of HEL cell but, in parallel experi-
ments, HEL cells showed a more mature and differ-
entiated pattern after exposure to the cytokine. Our
results show that PEG-rHuMGDF, at the optimal dos-
es of 100-150 ng/mL, is able to induce: 1) morpho-
logical changes with the formation of cytoplasmic
protrusions; 2) increased ploidy as demonstrated by
cytofluorimetric analysis; 3) increased expression of
megakaryocyte markers, including glycoprotein IIb-
IIIa and the platelet-specific alloantigen (PlA1). 

Interpretation and Conclusions. These findings show
that HEL cells represent a useful model to investi-
gate the differentiative properties of thrombopoietin
in the megakaryocyte compartment.
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Megakaryocytopoiesis is a developmental
continuum beginning with the commit-
ment of an undifferentiated, pluripotent

hematopoietic stem cell into the megakaryocytic lin-
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these cells express significant amounts of Mpl recep-
tor. The present study suggests that HEL cells may be
a useful model for investigating the mechanisms of
action of thrombopoietin on the megakaryocyte com-
partment.

Materials and Methods
HEL cell line

HEL cells were cultured in RPMI 1640 (Gibco,
Grand Island, NY, USA) with 10% fetal bovine serum
in 24 multiwell plates (Falcon, Oxnard, CA, USA), at
an optimal cell density of 0.83106/mL.

Growth factor
PEG-rHuMGDF is a pegylated and truncated form

of thrombopoietin; it was kindly provided by Amgen
(Thousand Oaks, CA, USA).

Incubation with PEG-rHuMGDF
HEL cells were cultured in RPMI alone (without

FBS) for 12-14 hours before each experiment. The
cells (0.83106/mL) were then cultured in RPMI plus
10% FBS plus various concentrations of PEG-
rHuMGDF for 6 days without medium change.
Increasing doses of the cytokine were used: 10, 50,
100, 150, 200 ng/mL. Every 24 h cells were harvest-
ed and characterized as follows.

Further experiments were then done where HEL
cells (0.83106/mL) were cultured in RPMI plus 10%
FBS with or without PEG-rHuMGDF at the same dos-
es as described above. In this case, every 2 to 3 days
up to 16 days of culture, HEL cells were demipopu-
lated by removal of half the culture volume, which
was replaced with fresh media with or without
MGDF. Every 3 days, cells were checked for viable cell
count.

Viable cells
Viable cell counts were examined by using Trypan

blue dye exclusion.

Detection of surface markers
The surface of the HEL cell line was analyzed for the

presence of the glycoprotein IIb-IIIa (GP IIb-IIIa), Mpl
receptor, the platelet-specific alloantigen (PlA1) and
the glycophorin-A. GP IIb-IIIa detection was done
using fluorescein-isothiocyanate-conjugated (FITC)
anti-GP IIb-IIIa (CD41a; Coulter). Mpl receptor was
monitored using a mouse monoclonal antibody
(Genzyme, Cambridge, MA, USA) followed by rabbit
anti-mouse (RAM-Fl ) IgG covalently linked to fluo-
rescein (Dako). PlA1 was monitored using a human
alloantibody (anti-PlA1; 1:20 dilution) directed
against platelet membrane GP IIIa and derived from
a PlA1-negative woman alloimmunized against PlA1 by
pregnancy.29 Binding of this antibody was tested by
an indirect immunofluorescence technique using a
fluorescein-isothiocyanate-conjugated goat anti-
human IgG g chain (Biosource International, Camar-

illo, CA, USA). Staining was performed in 100 µL of
PBS containing 0.1% BSA at 4°C for 30 minutes. Non
specific fluorescence was assessed by using isotype-
matched control antibodies and GAM-Fl. HEL cells
were also characterized with glycophorin-A MoAb
(Becton Dickinson) followed by a polyclonal goat
anti-mouse IgG covalently linked to fluorescein
(GAM-Fl, Becton Dickinson). The samples were ana-
lyzed by flow cytometry (FACScan, Becton Dickin-
son, San Josè, CA, USA). Furthermore, for each anti-
genic analysis, the mean intensity of fluorescence
(MIF), expressed as the ratio of sample mean chan-
nel/control mean channel, was measured.

DNA labeling technique and flow cytometric
analysis

HEL cells were washed in PBS and the pellets were
fixed in 2 ml cold 70% ethanol and stored at 4°C. The
cells were then centrifuged, washed in PBS and resus-
pended in 0.4 ml PBS and treated with RNAase (1
mg/mL; Type I-A; Sigma, St Louis, MO, USA) for 1 h
at 37°C. Propidium iodide (PI; Sigma; 50 ug/mL in
PBS) was then added to each sample and, after gen-
tle mixing, samples were incubated in the dark at 4°C
for 30 minutes and then measured. FACScan (Becton
Dickinson) equipped with an argon ion laser tuned to
a 488 wavelength, 15 mW output has been used for
analysis. For each sample up to 10,000 events were
collected. The DNA content of the cells was deter-
mined by the Lysis II analysis software (Becton Dick-
inson). 

Morphological analysis
For determination of megakaryocyte morphology,

HEL cells were mounted onto poly-L-lysine coated
glass slides by cytocentrifugation (Shandon, Sewickley,
PA, USA). Slides were May-Grünwald Giemsa stained
and cells were scored for their light microscopy mor-
phology.

Statistical analysis
The data were expressed as means ± the standard

error of the mean (SEM). Two tailed Student’s t-test
was used for statistical comparison.

Results

Effect of PEG-rHuMGDF on cell proliferation
To assess the influence of PEG-rHuMGDF on the

proliferation of HEL cells, we initially examined
whether increasing concentrations of PEG-rHuMGDF
(10 ng, 50 ng, 100 ng, 150 ng, 200 ng/mL) had any
effects on the HEL cells, when compared to cells cul-
tured without the cytokine. Liquid culture assay of the
HEL cells has been done for 6 days without medium
change. As clearly demonstrated in Figure 1, PEG-
rHuMGDF did not significantly influence the prolifer-
ation of the cells under such condition until day 4.
Starting by day 4 of culture, PEG-rHuMGDF (100 to
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200 ng/mL) significantly inhibited (p< 0.05) the pro-
liferation of the cells. To further confirm these data
and in order to exclude that the reduction of prolif-
eration after exposure to PEG-rHuMGDF is due to
accumulation of toxic products, HEL cells were
demipopulated, every 2 to 3 days up to day 16, by
removal of half the culture volume which was replaced
with fresh media with or without the cytokine. In this
case, there was no difference at all in the proliferation
between control samples and the treated cells (data
not shown).

Morphology and nuclear configuration of PEG-
rHuMGDF-treated HEL

The morphology of HEL cells changed after expo-
sure to PEG-rHuMGDF. The size of the cells began to
increase and cytoplasmic protrusions became promi-
nent (Figure 2A, 2B,2C).

Ploidy distribution
The ploidy distribution of HEL cells with or without

different concentrations of PEG-rHuMGDF was eval-
uated by flow cytometry after DNA staining with pro-
pidium iodide (Figure 3). The analysis of ploidy
showed that PEG-rHuMGDF induced nuclear matu-
ration of HEL cells with a pronounced increase of the
cells > 8N, starting from day 2 of culture. The doses
of 100 and 150 ng/mL were particularly effective in
promoting this nuclear maturation (Figure 4). After
day 4 of incubation, HEL cells, with or without PEG-
rHuMGDF, failed to endoreduplicate and most cells
were 2N and 4N (data not shown). 

Cell-cycle analysis
We also analyzed the cell-cycle distribution of HEL

cells 24, 48 and 72 hours after exposure to 150 ng/mL
of PEG-rHuMGDF. This dose was chosen because in

our hands it appeared particularly active for HEL dif-
ferentiation and maturation. Data concerning cell
cycle analysis of these cells are shown in Figure 5. After
24 hours, PEG-rHuMGDF significantly increased
(p<0.01) the percentage of cells in G1 phase in com-
parison with control cells with a concomitant reduc-
tion of cells in S-phase. After 48 and 72 h of incuba-
tion, there was no difference between treated and
untreated cells.

Figure 1. Counts of viable HEL cells at Trypan blue dye
exclusion after incubation with PEG-fHuMGDF. Data are
expressed as means of three separate exepriments per-
formed in duplicate. SEM were contained within 10% of the
means.

A

B

C

Figure 2. Morphological analysis of HEL cells stained with
May-Grünwald-Giemsa after 72 hours of incubation with or
without PEG-rHuMGDF. Light microscopy evaluation (325
magnification). 
A: untreated cells; B and C: HEL cells treated with 100
ng/mL of PEG-rHuMGDF. Note the presence of cytoplas-
mic protrusions in the PEG-rHuMGDF-treated cells.



Cell surface GP IIb-IIIa, PlA1 and Mpl receptor 
Since different clones with a variable expression of

megakaryocytic marker expression have been estab-
lished, the HEL cell clone used in this study was first
phenotypically characterized by indirect immunoflu-
orescence staining and flow cytometry to ascertain
the presence of megakaryocytic markers. The degree
of expression of GPIIb-IIIa, PlA1 and Mpl receptor of
HEL cells is shown in Figure 6. MIF evaluation for GP
IIb-IIIa indicated that the expression of this marker
significantly increased 48 hours after incubation with
100 to 200 ng/mL PEG-rHuMGDF (Table 1). These
data were confirmed by the analysis of PlA1 expres-
sion, as shown in Figure 7. Also, PlA1 showed an
increased expression after 48 h of incubation with
PEG-rHuMGDF (100 ng/mL). Accordingly, Mpl
receptor expression showed a significant reduction
after 48 hours of incubation with PEG-rHuMGDF
(data not shown). Glycophorin-A expression was
36% and decreased to 25% after PEG-rHuMGDF
incubation.

Discussion
In this report, we have studied the effects of PEG-

rHuMGDF, a truncated and pegylated form of throm-
bopoietin, on the growth and differentiation of HEL
cell line. We chose HEL cell line because of its ability
to undergo endoreduplication and to express some
megakaryocytic phenotypic markers after treatment
with differentiative agonists, such as phorbol esters.30

Most importantly, this cell line express the receptor
for thrombopoietin (Mpl receptor) at its cellular sur-
face in a significant amount.31 Due to the large num-
bers of cells available for study, these cell models are
practical and potentially very informative.

By means of several approaches, the present paper
demonstrates  that PEG-rHuMGDF can stimulate
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Figure 3. Flow cytometrc analysis of the DNA content in
PEG-rHuMGDF-treated HEL cells after propidium iodide
staining. X axis: red (propidium iodide) fluorescence inten-
sity. Y axis: relative number of cells. A representative of
three separate experiments is shown.

Figure 5. Cell-cycle analysis of HEL cells treated with 150
ng/mL of PEG-rHuMGDF. Data represents the mean of two
experiments performed in duplicate.

Figure 4. The ploidy distribution expressed as relative per-
cent was evaluated by flow-cytometry analysis after incu-
bation of HEL cells with or without PEG-rHuMGDF. The data
represent the mean±SEM of three independent experiments
performed in duplicate.
2N ; 4N ; 8N ; 16N ; 32N ; 64N .
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HEL cells to differentiate into more mature cells. 
The effects of PEG-rHuMGDF on the proliferation

of HEL cells were evaluated in a liquid assay. No
effects have been documented in liquid culture assay.
Only on day 6 did PEG-rHuMGDF significantly inhib-
it (p< 0.05) the cell growth. These data confirm the
results obtained by Drexler and Quentemeier32 who
demonstrated that thrombopoietin does not sustain
HEL proliferation.

Moreover, maturation and differentiation of HEL
cells increased consistently after PEG-rHuMGDF
exposure. The maturation of HEL cells was demon-
strated by: 1) morphological changes, 2) increased
ploidy and 3) increased expression of megakaryo-
cyte/platelet glycoprotein markers. PEG-rHuMGDF-
treated cells showed the formation of membrane
blebbing. It has recently been described that throm-
bopoietin induces in vitro platelet formation by CD34+

cells. In turn, platelet formation occurs via pro-
platelet intermediate structures that are long cyto-
plasmic processes emanating from megakaryocytes
cell bodies.19

Our data suggest that PEG-rHuMGDF induces the
formation of pro-platelet-like also in HEL cells, prob-
ably by acting on cytoskeleton proteins with the
induction of membrane pseudopodies. Interestingly,
a thrombopoietin-dependent cell lines (HU-3/TPO,
MO/e/TPO, M-MOK/TPO, TF-1/TPO) showed the
same morphology (membrane blebbings) as that
observed in our HEL cells after incubation with
thrombopoietin.33

Furthermore, it is well known that megakaryocytic
maturation of the nucleus involves nuclear endoredu-
plication, a process in which nuclear material redu-
plicates itself without nuclear division. Nuclear mat-
uration was also observed after PEG-rHuMGDF
treatment of HEL cells. Flow cytometry evaluation of
cells labeled with propidium iodide clearly docu-

Table 1. GPIIb-IIIa MIF of HEL cells treated with PEG-
rHuMGDF.

24 hours 48 hours 72 hours

Control 8.2 9.0 12.6

PEG-rHuMGDF
10 ng/mL 4.5 8.8 8.9

50 ng/mL 4.5 10.2 10.0

100 ng/mL 7.4 18.2 9.7

150 ng/mL 4.9 15.2 8.0

200 ng/mL 5.1 12.2 9.0

The MIF of GPIIb-IIIa was evaluated in untreated cells and after exposure to
different concentrations of PEG-rHuMGDF. The values represents the mean
of two experiments performed in duplicate. SEM were contained within 10%
of the means. 

Figure 6. Flow cytometric analysis of HEL cells. 
A) Staining with FITC-conjugated MoAb against GP IIb-IIIa.
The A area represents the negative control while the B area
represents cells treated with FITC-conjugated MoAb against
GP IIb-IIIa. X-axis: logarithmic fluorescence intensity; Y-
axis: relative number of cells. 
B) Staining with the MoAb against Mpl receptor followed by
RAM-FI. C shows the staining with an isotype-matched neg-
ative control. D represents HEL cellstreated with the anti-
Mpl receptor MoAb+RAM-FI. 
C) Staining with a human allo-antibody against the platelet
membrane GP IIIa (PIA1) followed by a fluorescein-conju-
gated goat anti-human IgGg chain. E: negative control; F:
positive cells labeled with the antibody against PIA1.

Figure 7. Cells were labeled with a human allo-antibody
against platelet membrane GP IIIa (PIA1) plus a fluorescein-
conjugated goat anti-human IgG-g chain.
A: negative control; B: positive control for PIA1 of cells
unstimulated; C: positive control for PIA1 of PEG-rHuMGDF
(100 ng/mL) treated cells after 48 hours of incubation.
X-axis: logarithmic fluorescence intensity. Y-axis: relative
number of cells.

A B
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mented increased ploidy values after treatment with
PEG-rHuMGDF. This effect was dose-dependent, the
most effective doses of MGDF being 100 and 150
ng/mL. Accordingly, cell cycle analysis showed that
PEG-rHuMGDF, at the higher doses, increases the
percentage of cells in G1 phase. It is likely that at the
dose of 100-150 ng/mL, PEG-rHuMGDF reduces the
proliferative capacity of HEL cells, inducing, at the
same time, a shift toward maturation and the differ-
entiation pathway.

In a previous study, it has been demonstrated that
the expression of megakaryocytic markers like the GP
IIb-IIIa complex and the platelet-specific alloantigen
(PlA1)31 were markedly enhanced following the addi-
tion of the inducers DMSO or TPA to the HEL cells.
Our data demonstrated that the platelet markers (GP
IIb-IIIa and PlA1) also significantly increased after
treatment of HEL cells with PEG-rHuMGDF. There-
fore, PEG-rHuMGDF also represented a potent induc-
er of HEL cell differentiation along the megakaryo-
cytic lineage.

As mentioned before, a number of human hemato-
poietic cell lines have been examined for Mpl recep-
tor expression. In particular, Mpl receptor was clear-
ly detected in CMK, Dami and HEL cell lines.32 In our
experiments, the Mpl receptor expression appeared
reduced after 48 h of incubation, while in the subse-
quent period of observation, no differences were
observed between the untreated control and the
PEG-rHuMGDF samples. The reduction of Mpl
receptor expression after 48 h of incubation with the
cytokine may suggest that the complex ligand-recep-
tor is internalized and metabolized.

Our data are contradictory with those presented by
Quentemeier et al.32 and by Zauli et al.34 who failed to
document any maturational effect of thrombopoietin
on HEL cells. However, it should be underlined that
Zauli et al. analyzed the differentiation effect of throm-
bopoietin after 6 days of incubation. Accordingly, the
ploidy of HEL cells decreased after 6 days of culture in
our experiment condition also. Our results are also in
contrast with those reported by Drexler et al.33 Their
work, however, primarily focuses on the proliferative
effect of thrombopoietin and no data are reported
about morphology or ploidy of HEL cells after incu-
bation with PEG-rHuMGDF.

In conclusion, other authors have clearly shown
that thrombopoietin is able to promote megakary-
ocyte proliferation and differentiation of CD34+ cells7

and different continuous cell lines have been tested
for TPO-proliferative/differentiative response.30,34,35

as well as cell populations rich in megakaryocytes.36,37

Our data clearly document that the continuous HEL
cell line presents a pattern of response to PEG-
rHuMGDF similar in many aspects to that of CD34+

cells.38

This suggests that HEL cells may represent a useful
model to evaluate the biochemical and molecular
events involved in megakaryocyte differentiation. 
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