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Influence of medium components on ex vivo megakaryocyte expansion 
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'Central Laboratory of the Netherlands Blood Transfusion Service (CLB) and Laboratory of 
Experimental and Clinical Immunology, Academic Medical Centre, University of Amsterdam, 
Amsterdam, The Netherlands, department of Hematology, Academic Medical Centre, Amsterdam! 
The Netherlands. 

Abstract 

Reinfusion of ex vivo expanded autologous megakaryocytes together with a 
stem cell transplantation may be useful to prevent or reduce the period of 
chemotherapy-induced thrombocytopenia. In this study we analysed several serum-
containing and serum-free media to identify the most suitable medium for 
megakaryocyte expansion. Moreover, two thrombopoietm (Tpo)-mimetic peptides 
were tested to evaluate whether they could replace Tpo in an expansion protocol. 

To analyse the effects of different media on megakaryocyte expansion, we used 
an in vitro liquid culture system. For this purpose, CD34+ cells were isolated from 
peripheral blood and cultured for eight days in the presence of Tpo and interleukin-
3 (IL-3). The presence of megakaryocytes was analysed by flow cytometric 
analysis after staining for CD41 expression. For our standard culture procedure 
megakaryocyte medium (MK medium) supplemented with 10% AB plasma was 
used. Addition of 5% or 2.5% AB plasma yielded higher numbers of 
megakaryocytes, implying the presence of inhibitory factors in plasma. However, 
some plasma components are required for optimal megakaryocyte expansion 
because addition of less than 1% AB plasma or addition of human serum albumin 
instead of AB plasma resulted in the formation of lower numbers of 
megakaryocytes. 

Two commercially available serum-free media were also tested; Cellgro and 
Stemspan. If CD34+ cells were cultured in Cellgro medium similar numbers of 
megakaryocytes were obtained as when CD34+ cells were cultured in MK medium 
supplemented with 10% AB plasma. In MK medium with 2.5% AB plasma higher 
numbers of megakaryocytes were cultured than in MK medium supplemented with 
10% AB plasma. Therefore, Cellgro medium is not the best alternative medium. In 
cultures with Stemspan medium higher numbers of megakaryocytes were obtained 
compared to MK medium with 10% AB plasma. Stemspan is thus a good 
alternative for MK medium. 

Two Tpo-mimetic peptides, AFI3948 and PK1M were tested for their ability to 
replace Tpo. In cultures with AFI3948 comparable numbers of megakaryocytes 
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were obtained as in the presence of Tpo, but in cultures with PK1M the number of 
megakaryocytes was lower. 

This study shows that high concentrations of plasma in medium inhibits 
megakaryocyte formation, but some plasma components are required for optimal 
megakaryocyte expansion. For an ex vivo expansion protocol it is worthwhile to 
test several media, because the number of megakaryocytes differs widely with the 
medium used. 

Introduction 

Chemotherapy-induced thrombocytopenia is a severe complication in the 
treatment of cancer. Despite reinfusion of a stem cell transplant for hematopoietic 
rescue, in case of myeloablative therapy a considerable number of platelet 
transfusions are needed to prevent severe bleeding. Recurrent platelet transfusions 
carry the risk of alloantibody formation and subsequent refractoriness to platelet 
transfusions. In addition, there is a risk of transmission of infectious diseases. With 
the cloning of thrombopoietin (Tpo), the major regulator in the process of 
proliferation and differentiation of stem cells into megakaryocytes, new therapies 
have became available [1]. Clinical trials in which recombinant Tpo was 
administered to patients with chemotherapy-induced thrombocytopenia did not 
result in a satisfactory reduction of the thrombocytopenic period [2,3]. Moreover, 
formation of antibodies against endogenous Tpo has been reported after recurrent 
subcutaneous administration of pegylated recombinant human megakaryocyte 
growth and development factor (PEG-rHuMGDF) preparations [4,5]. 

Another application of Tpo is in an ex vivo expansion setting. Tpo is capable, in 
combined action with other cytokines, to induce proliferation and differentiation of 
stem cells into megakaryocyte progenitors and megakaryocytes in vitro [1]. Several 
studies have shown that the number of CD34+CD41+ cells, representing 
megakaryocytes progenitors, in a stem cell transplant is positively correlated with a 
decrease in the time to platelet recovery [6,7]. Reinfusion of ex vivo expanded 
autologous megakaryocyte progenitors and megakaryocytes may thus contribute to 
enhanced platelet recovery in patients with chemotherapy-induced 
thrombocytopenia, who are now receiving a peripheral blood stem cell 
transplantation containing variable numbers of megakaryocyte-committed cells. 
Bertolini et al. [8] have reported that administration of autologous, ex vivo 
expanded, megakaryocyte cells in combination with an autologous stem cell 
transplantation is well tolerated and that it may reduce the need of platelet 
transfusions if high enough numbers of megakaryocyte cells are reinfused. The 
feasibility of reinfusion of ex vivo expanded CD34+ cells has also been 
demonstrated by other groups. These initial studies have shown that CD34+ cells, 
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exposed for a variable number of days to various combinations of cytokines could 
be safely reinfused without toxicity [9-13]. 

Our aim is to reinfuse ex vivo expanded megakaryocytes to reduce the period 
of chemotherapy-induced thrombocytopenia. In order to obtain a megakaryocyte -
transfusion product it is important to define the most optimal culture conditions. 
Several studies have described the role of various cytokines in the process of 
proliferation and differentiation of megakaryocytes [8,14-20]. In this study, we 
focused on the role of medium components in megakaryocyte expansion. In-house 
prepared serum-containing media and commercially available serum-free media 
were tested in a liquid culture system to identify the most suitable culture medium 
for megakaryocyte expansion. 

Furthermore, two peptides have been described that mimic Tpo-action [21,22]. 
These peptides, PK1M and AF13948, were synthezised and tested for their 
possible replacement of Tpo in our in vitro liquid culture system. 

Material and Methods 

CD34+ cell purification 
CD34+ stem cells were isolated from peripheral blood. Peripheral blood was 

obtained (with approval of the medical ethical committee and after informed 
consent) from leukocytapheresis material of patients (eight with breast cancer, six 
with non-Hodgkm lymphoma, two with multiple myeloma) treated with 
chemotherapy and G-CSF (5-10 ug/kg/day subcutaneously; Filgastrim, Amgen, 
Thousand Oaks, CA, USA). Three healthy donors for allogeneic transplantation 
were only treated with G-CSF ( 2 x 5 ug/kg/day). Mononuclear cells were isolated 
by density gradient centnfugation over Ficoll (1.077 g/cm3; Pharmacia Biotech, 
Uppsala, Sweden). CD34+ cells were isolated from mononuclear cells by magnetic 
cell sorting (VarioMACS system; Miltenyi Biotec, Gladbach, Germany) according 
to the manufacturer's instruction. This resulted in a purity of more than 95%, as 
determined by FACS analysis. 

Cell culture 
Various media were used to study the most optimal conditions for 

megakaryocyte expansion. Megakaryocyte medium (MK medium) consisted of 
Iscove's Modified Dulbecco's Medium supplemented with ImM sodium pyruvate 
(Gibco, Paisley, Scotland), lx MEM vitamins (Gibco), lx MEM non-essential 
amino acids (Gibco), 0.2% (w/v) human serum albumin (HSA; CLB, Amsterdam, 
The Netherlands), 0.02 mg/ml L-asparagine (Gibco), 0.01 mM monothioglycerol 
(Sigma, St.Louis, MO, USA), glutamme and penicillin/streptomycin [20]. Two 
commercially available serum-free media were also tested, i.e. Cellgro SCGM 
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(Boehrmger Ingelheim Bioproducts, Heidelberg, Germany) and Stemspan serum-
free expansion medium (Stem Cell Technologies, Vancouver, BC, Canada). 

To the media various additives were added as noted in text and figures. 
Heparmized human AB plasma was obtained from a healthy donor. HSA was used 
at 2% (w/v). 

Two x 105 CD34^ cells/ml were seeded in a total volume of 1.5 ml in a 6-well 
plate (Costar, Cambridge, MA, USA). The cells were cultured for eight days at 
37°C, 5% C02, in the presence of PEG-rHuMGDF (100 ng/ml, a generous gift 
from Amgen, Thousand Oaks, CA, USA) or rhTpo (10 ng/ml, a generous gift from 
Genentech, San Francisco, CA, USA) and IL-3 (10 ng/ml, R&D, Abingdon, UK) 
without additional feeding of growth factors or medium. No differences in 
outgrowth were observed between PEG-rHuMGDF and rhTpo (data not shown). 
Peptides AF13948 and PK1M were synthesised according to the sequence 
described by Cwirla et al [21](AF13948) and Kimura et al [22](PK1M) by Isogen 
Bioscience BV, Maarssen, The Netherlands. Both peptides were used at 10 ng/ml. 

After eight days of culture, the cells were analysed for surface marker 
expression by F ACS analysis. Viable cells were determined with trypan blue 
exclusion. The expansion factor was determined as the increase in cell number 
(number of viable cells present at day eight of culture divided by the number of 
viable cells seeded at day 0). 

Flow cytometry and monoclonal antibodies 
After eight days of culture, the cells were harvested and immediately fixed with 

1% (w/v) paraformaldehyde for 10 minutes on ice. The cells were spun down for 
10 minutes (180 g) with the brake on half maximum, were resuspended in PBS 
containing 0.2% (w/v) bovine serum albumin (BSA) and were used for FACS 
analysis. The cells were incubated with fluorescein isothiocynate (FITC) and 
phycoerythrin (PE) labeled monoclonal antibodies (moabs) for 30 minutes at 4°C . 
Isotype matched mouse IgG subtypes served as controls. After 30 minutes of 
incubation, the cells were washed in PBS/0.2% BSA. After washing, the cells were 
resuspended in an appropriate volume of PBS/0.2% BSA and analysed by 
FACScan (Becton and Dickinson (B&D), San Jose, CA, USA). 

The FITC-conjugated moabs were: IgGl isotype control (CLB-203: CLB) and 
CD41 (megakaryocytic; CLB-48). The PE-conjugated moabs were: IgGl isotype 
control (X40; B&D) and CD34 (stem cells; 581; Immunotech, Marseille, France). 

CFU-Meg colony assay 
Colony forming unit-Megakaryocyte (CFU-Meg) assays were performed with 

CD34+ cells that were cultured for eight days in liquid culture. CFU-Meg was 
performed with the Megacult-C kit (StemCell Technologies, Vancouver, BC, 
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Canada) according to manufacturer's instructions. Briefly, cells were cultured in a 
collagen-based serum-free medium containing Tpo, IL-3 and IL-6. After 10 to 12 
days of incubation at 37°C and 5% C02, cultures were dehydrated and fixed with 
methanol/acetone. Megakaryocyte colonies were stained with CD41 by means of 
an alkaline phosphatase detection system. The cells were counterstamed with 
Evans Blue, causing the nuclei of the cells to turn blue regardless of their lineage. 
Positive colonies were scored according to size, i.e. small (3-10 cells/colony), 
medium (11 - 40 cells/colony), large (> 40 cells/colony) and mixed (non-
megakaryocytes and megakaryocytes within the same colony). 

Statistical analysis 
Statistical analysis was performed with SPSS for windows, release 7.5 (SPSS 

Inc.). Paired samples t-test was used to determine statistical differences, p < 0.05 
was considered significant. 
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I I 1.25% AB 

CD41 cells CD34CD4T cells 

Figure 1. Effect of various concentrations of AB plasma on megakaryocyte outgrowth 

CD34+ cells were cultured for eight days in the presence of PEG-rHuMGDF or Tpo and IL-3 in MK 

medium, with various concentrations of AB plasma. FACS analysis was used to determine the 

percentage of C D 4 T cells and CD34+CD41+ cells. Depicted is a) percentage of CD41+ and 

CD34+CD41+ cells and b) the number of CD41+ and C D 3 4 T D 4 1 + cells obtained per seeded CD34+ 

cell. The mean + SEM of seven independent experiments is shown. * p < 0.05, ** P < 0.01. 
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Results 

To obtain megakaryocytes, CD34+ cells were cultured for eight days in the 
presence of Tpo + IL-3. The combination Tpo + IL-3 was choosen because initial 
experiments and other articles showed that this combination yields high numbers of 
megakaryocytes [14,18]. FACS analysis was used to determine the number of 
megakaryocytes (CD41+ cells) and megakaryocyte progenitors (CD34XD41 
cells). 

Effect of medium components in megakaryocyte culture. 

Addition of less than 10% AB plasma, i.e. 5%, 2.5% or 1.25%, led to a small 
increase in percentage of CD34XD4T cells (Fig. la). The absolute number o] 
CD41+ and CD34+CD41+ cells was higher if 5% or 2.5% AB plasma was added 
instead of 10% AB plasma (Fig. lb) (significant for the number of CD4T cells, p < 
0.05). Cultures supplemented with less than 1.25% AB plasma yielded reduced 
numbers of megakaryocyte cells (data not shown). 

Replacement of 10% AB plasma by 2% human serum albumin (HSA) yielded a 
comparable percentage of CD41' cells (Fig. 2a). The percentage CD34+CD4r 
cells was significantly higher if cells were cultured in medium supplemented with 
2% HS A instead of 10% plasma (Fig. 2a). However, the absolute number of 
CD34XD4T cells was not increased m cultures with 2% HSA compared to 
cultures with 10% AB plasma added (Fig. 2b). This was due to lower expansion 
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Figure 2. Effect of replacement of AB plasma with HSA on megakaryocyte outgrowth 
CD34' cells were cultured for eight days in the presence of PEG-rHuMGDF or Tpo (Tpo) and IL-3 in 
MK medium, supplemented with 10% AB plasma or 2% HSA. FACS analysis was used to determine 
the percentage of CD4T cells and CD34XD4r cells. Depicted is a) percentage of CD4T and 
CD34XD4T cells and b) the number of CD41+ and CD34XD4T cells obtained per seeded CD34+ 

cell. The mean + SFM of eieht indenendent experiments is shown. * n < 0.05. ** P<0.01. 
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rates of the cells in med ium supplemented with 2 % HSA. Culture of C D 3 4 " cells in 

med ium with 10% A B plasma yielded higher absolute numbers of C D 4 1 * cells 

than in medium with 2 % H S A added (p < 0.05). 

Serum-free media in megakaryocyte culture. 

Besides our MK medium, two commercially available serum-free media were 
tested: Cellgro and Stemspan. Although the percentage of megakaryocyte cells 
was elevated (Fig. 3a, p < 0.05) with Cellgro medium, the absolute number of 
CD41+ and CD34+CD41+ cells was comparable to numbers obtained after culture 
in MK medium containing 10% AB plasma (Fig. 3b). With Stemspan medium, 
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Figure 3. Comparison of serum-free media with AB plasma containing medium. 
CD34" cells were cultured in MK medium supplemented with 10% AB plasma or in two serum-free 
media; Cellgro or Stemspan medium, for eight days in the presence of PEG-rHuMGDF or Tpo (Tpo) 
and IL-3. FACS analysis was used to determine the percentage of CD4T cells and CD34TCD41 + 

cells. Depicted is a + c) percentage of CD41+ and CD34+CD41+ cells and b + d) the number of CD41 + 

and CD34+CD41+ cells obtained per seeded CD34+ cell. The mean + SEM of seven independent 
experiments is shown for cultures in Stemspan medium versus MK medium and the mean + SEM of 
four indeDendent for the cultures with Cellsro medium versus MK medium. * D < 0.05. 
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significantly higher percentages and higher numbers of CD41+ cells were cultured 
compared to MK medium supplemented with 10% AB plasma (Fig. 3d). 

To Cellgro medium 2.5% AB plasma was added to investigate whether this 
would increase the number of megakaryocyte cells. However, only the absolute 
number of CD34+CD41+ cells was increased upon addition of 2.5% AB plasma 
(Fig. 3a+b). 

Clonogenic capacity of cultured cells 

To investigate whether cells cultured in Stemspan medium or in MK medium in 
the presence of 2% HSA or 10% AB plasma had colony-forming capacity, cultured 
cells were analysed in a CFU-Meg assay. Despite a comparable or higher 
percentage of CD34+CD41+ cells after liquid culture in the presence of 2% HSA, 
the number of CFU-Meg colonies per initially in liquid culture seeded CD34+ cell 
was lower than after culture of CD34+ cells in Stemspan medium or in MK 
medium with 10% AB plasma (Fig. 4). A correlation between the number of 
CD34+CD4r cells and the number of CFU-Meg per seeded CD34+ cell was 
observed (r = 0.80, p< 0.05). 
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Figure 4. CFU-Meg assay of CD34+ cells cultured with AB plasma or HSA 
CD34+ cells were cultured in liquid culture in the presence of PEG-rHuMGDF or Tpo (Tpo) and IL-3 
in MK medium, supplemented with 10% AB plasma or 2% HSA or in Stemspan medium. After eight 
days the cultured cells were analysed in a CFU-Meg colony assay. Depicted is the number of CFU-
Meg colonies per initially in iquid culture seeded CD34+ cell. CFU-Meg colonies were scored 
according to size, i.e. small (3-10 cells/colony), medium (11-40 cells/colony), large (> 40 
cells/colony) and mixed (non-megakaryocytes and megakaryocytes within the same colony). The 
mean + SEM of three independent experiments is shown for the cultures in MK medium 
supplemented with 10% AB plasma or 2% HSA and the mean of two experiments is shown for 
cultures with Stemspan medium. No significant differences were found between MK medium with 
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Tpo-mimetic peptides as alternative for Tpo in CD34^cell cultures 

Recently, two peptides, AF13948 and PK1M, that mimic activity of Tpo have 
been described [21,22]. We investigated whether these so-called Tpo mimetic 
peptides could be an alternative for PEG-rHuMGDF or rhTpo in our culture 
system. With AF13948 instead of PEG-rHuMGDF comparable percentages and 
absolute numbers of CD41+ and CD41+CD34+ cells were obtained (Fig. 5a + b). In 
the presence of PK1M, both the percentage and absolute number of CD41+ and 
CD4TCD34f cells were decreased compared to cultures with PEG-rHuMGDF 
(Fig. 5 a + b). Addition of increased concentrations of PK1M did not result in 
formation of more megakaryocytes. 

CD41 T cells 
EZZZZ3 P K 1 M 

CD41 +cells CD34"CD41H 

cells 

Figure 5. Comparison between PEG-rHuMGDF and two Tpo mimicking peptides 
CD34+ cells were cultured for eight days in the presence of PEG-rHuMGDF (MGDF), AFI3948 or 
PK1M and IL-3 in MK medium supplemented with 10% AB plasma. CD41 and CD34 expression 
were determined by FACS analysis. In a) is depicted the percentages of CD41+ and CD41+CD34+ 

cells relative to the percentage of positive cells obtained in the cultures with PEG-rHuMGDF and IL-
3 and in b) the number of CD41+ cells and CD41+CD34+ cells obtained per seeded CD34* cell 
relative to the number of these cells obtained in cultures with PEG-rHuMGDF and IL-3. With PEG-
rHuMGDF and AF13948 three experiments were performed and with PK1M two experiments. 

Discussion 

The feasibility of reinfusion of ex vivo expanded stem cells has been shown by 
several studies [8-13]. Therefore, we are currently developing protocols to reinfuse 
autologous expanded megakaryocyte progenitors and megakaryocytes together 
with a stem cell transplant to diminish the need for platelet transfusions after 
chemotherapy. The role of growth factors in megakaryocyte expansion has been 
extensively analysed [8,14-20]; however, the influence of media components on 
megakaryocyte formation is less well characterised. In some reports a difference in 
expansion potential of hematopoietic progenitor cells has been described between 

91 



Influence of medium components on mesakaiyocvte expansion 

media with or without serum [23,24]. In serum-free medium the expansion 
potential of progenitor cells was higher than in serum-containing media. In the 
present study, serum-free and serum-containing media were analysed. 

The standard culture condition in this study was MK medium supplemented 
with 10% human AB plasma from a healthy donor. A decrease in the percentage of 
added AB plasma led to an increase in the formation of CD41+ and CD34+CD4T 
cells. This implies that high concentrations of human plasma inhibit 
megakaryocyte formation. Other articles also reported the presence of factors in 
human serum and plasma that inhibit megakaryocyte colony formation, like TGF-
ßl [25-27]. We have tested human AB plasma from ten different donors and 
observed that the extent of megakaryocyte formation differs between donors (data 
not shown). Therefore, if human plasma is to be used in an ex vivo expansion 
setting, a plasma pool of several donors should be used instead of plasma from a 
single donor. 

Despite the inhibiting effects of higher plasma percentages, lowering of the 
plasma percentage to below 1.25% plasma in MK medium (data not shown 
decreased the number of megakaryocytes and megakaryocyte progenitors 
Replacement of AB plasma by HS A did not yield comparable numbers of 
megakaryocyte cells. Moreover, the number of CFU-Meg was decreased if CD34^ 
cells were cultured in MK medium supplemented with 2% HSA compared to MK 
medium with 10% AB plasma or Stemspan medium. Apparently, other factors that 
are present in plasma contribute to megakaryocyte formation. Human plasma is 
given to patients in a clinical setting and can therefore also be used in an ex vivo 
expansion setting. Although ex vivo expansion protocols may be preferentially 
performed with serum-free medium, medium supplemented with 2.5% AB plasma 
is also an option. 

Besides serum-or HSA containing medium, two commercially available serum-
free media were tested, Cellgro and Stemspan. Stemspan medium was superior 
over MK medium supplemented with 10% AB plasma with respect to the number 
of CD41+ cells obtained, whereas Cellgro medium yielded comparable numbers of 
megakaryocyte cells compared to MK medium with 10% AB plasma. These data 
show that not all serum-free media may be optimal for megakaryocyte expansion 
and therefore it is worthwhile to test different media. 

Administration of recombinant PEG-rHuMGDF has led to formation of 
autoantibodies in patients and healthy volunteers after repeated subcutaneous 
administration [4,5] and therefore the use of recombinant Tpo in a clinical setting 
should be carefully monitored. Thusfar, two peptides with Tpo-mimetic activities 
have been described: AF13948 and PK1M [21,22]. Neither of these peptides shares 
any sequence homology with Tpo, and thus no antibodies that crossreact with 
endogenous Tpo can be generated. Testing of both peptides in our liquid culture 
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system showed that only AFI3948 yielded the same number of megakaryocyte 
cells as obtained in cultures with Tpo. In the initial report on PK1M, 
megakaryocyte differentiation induced by this peptide was shown [22]. We also 
observed megakaryocyte formation in presence of PK1M, but not to a comparable 
extent as observed with the two recombinant Tpo preparations. However, we 
cannot exclude that this difference is due to conditions under which the tested 
batch of PK 1M was synthesized. 

AFI3948 has been administered to mice and was shown to increase platelet 
counts [21]. In further studies, AFI3948 was modified with ammo-acid 
substitutions (AF15705) and subsequently pegylated to increase the half time of the 
peptide (GW395058) [28]. No antibody formation to GW395058 or 
thrombocytopenia was found m mice that were injected three times with 
GW395058; instead an elevation m platelet counts was observed. Antibodies raised 
in rabbits to the parent peptide of GW395058, AF15705 did not show cross-
reactivity with Tpo. These studies suggest that the potential of an immune response 
to AF13948 or GW395058 will be low and if it does occur, no cross-reactivity with 
endogenous Tpo is to be expected. 

A previous study showed that patients who received stem cell transplants 
containing at least 0.34 x 106 CD34+CD4T cells/kg had a shorter time to platelet 
recovery [6]. The observed expansion factors of CD34+CD41+ cells and CD41+ 

cells in MK medium with 10% AB plasma was 0.57 and 3.6 respectively. If 2 x 106 

CD34+ cells/kg are expanded a total number of 20.2 x 106 cells/kg will be expected 
after eight days of culture, of which 1.14 x 106/kg will be CD34+CD41+ and 7.2 x 
lOVkg will be CD4T. In a normal stem cell transplant 250 x 106 cells/kg are 
remfused, so the number of expanded cells is not higher than routinely reinfused. 

In conclusion, this study shows that megakaryocyte formation m cultures with 
Tpo and IL-3 is inhibited by high amounts of human plasma in the culture, but is 
comparable to the level of expansion obtained with one of the tested serum-free 
media if only 2.5% of plasma is used. Furthermore, the TPO-mimetic peptide, 
AFI3948 might be a good alternative for Tpo in an ex vivo expansion setting. 
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