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Abstract 

Objective: Remfusion 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. Therefore, we compared the mega
karyocyte expansion potential of CD34' stem cells derived from different sources: 
Cord blood (CB), peripheral blood (PB) and bone marrow from adults (ABM) and 
children (ChBM). Three different growth factor combinations were tested to 
identify the best combination for each of the sources. 

Material and Methods: CD3C cells were isolated from CB, PB, ABM or ChBM 
and cultured in an in vitro liquid culture system in the presence of thrombopoietin 
(Tpo), Tpo + interleukin-1 (IL-1) or Tpo + IL-3. After eight days, proliferation 
was determined and the cultured cells were identified with lineage-specific surface 
markers by flow cytometry. 
Results: Cultures with ChBM-denved CD34" cells showed the lowest level of 
expansion of megakaryocytes and gave rise to a more profound formation of 
myeloid and monocytic cells. In cultures with BM- or PB-denved cells, presence of 
IL-3 reduced the number of immature megakaryocytes (CD34XD4r cells). 
However, m CB cultures the number of CD34+CD4T cells was highest in cultures 
with Tpo + IL-3. Overall, cultures with CB CD34T cells yielded the highest number 
of megakaryocytes, but these cells showed reduced ploidisation and lower level of 
CD41 expression, suggesting less maturation. 

Conclusions: Each of the different CD34+ cell sources responded differently to 
cytokine stimulation. For PB and ABM the cytokine combination Tpo + IL-1 is 
most suitable to obtain high numbers of both immature and mature megakaryocytes 
for transfusion purposes. For CB, on the other hand, Tpo combined with IL-3 is 
better. 

65 



Chapter 4  

Introduction 

Autologous hematopoietic stem cell transplantation is nowadays a routinely 
used procedure with the aim to reconstitute the hematopoietic system after high-
dose chemo- or radiotherapy. In the past, bone marrow (BM) was the major source 
of stem cells, but currently there is an increase in the use of peripheral blood (PB)-
derived stem cells for transplantation. Before the harvest of PB stem cells by 
leukocytapheresis, the patient or donor is treated with Granulocyte-Colony 
Stimulating Factor (G-CSF) with or without chemotherapy to stimulate 
mobilisation of the stem cells from the bone marrow into the peripheral blood. The 
advantages of PB stem cell transplant over BM transplant are the larger numbers of 
CD34+ cells that can be harvested via a more comfortable and safer procedure, a 
quicker recovery of both neutrophils and platelets, and possibly a lower risk of 
contaminating tumour cells (in an autologous setting) [1-3]. Cord blood (CB) is 
another source of stem cells that is easily accessible, but the limited number of 
CD34" cells present in CB makes the use of a CB transplant more suitable for 
children than for adults. Compared to BM transplantation, CB transplantation is 
associated with a yet not understood prolonged time to platelet recovery [4-7]. 

Even though stem cell transplantations and the use of G-CSF decrease the time 
to neutrophil recovery, the period of platelet transfusion dependency is still 
considerable. Repeated platelet transfusions carry the risk of alloantibody 
formation by the patient, which can lead to a severely decreased survival time of 
transfused platelets and to refractoriness to platelet transfusions [8]. Thusfar, 
clinical trials show that recombinant thrombopoietin (Tpo) is not very effective in 
preventing myeloablative-therapy-related thrombocytopenia [9-13]. This may be 
due to the fact that, although Tpo stimulates the formation of megakaryocytes in 
vivo, it does not seem to shorten the maturation time of the megakaryocytes and 
thus, does not lead to faster platelet formation. Ex vivo expansion of stem cells into 
the megakaryocyte lineage became also feasible with the cloning of Tpo [14]. In 
all patients undergoing myeloablative therapy resulting in severe thrombocytopenia 
demanding platelet transfusions, reinfusion of a stem cell transplant in combination 
with ex vivo expanded megakaryocytes may reduce the duration of absolute 
thrombocytopenia. Several studies showed that the number of immature 
megakaryocytes (represented by cells expressing both CD34 and CD41) in a stem 
cell transplant is positively correlated with the time to platelet recovery [15,16]. In 
our opinion, expansion procedures should be aimed at increasing the number of 
both mature and immature megakaryocytes in a potential megakaryocyte 
transfusion product. Ex vivo expanded megakaryocytes have already been 
administered [17]. 
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In a previous study we found that Tpo combined with interleukin-1 (IL-1 ) was 
optimal for expansion of megakaryocytes and megakaryocyte progenitors (defined 
by expression of both CD34 and CD41) from PB-derived CD34+ cells [18]. In the 
present study the megakaryocyte expansion potential of CD34' stem cells derived 
from CB, BM from adults (ABM) and BM from children (ChBM) were compared 
with megakaryocyte outgrowth of PB-denved CD34' cells. Furthermore, we 
wanted to identify the optimal cytokine combination for each of the different stem 
cell sources for ex vivo expansion of megakaryocytes. Differences in outgrowth 
were observed between the sources and between the cytokine combinations. 

Materials and Methods 

Cells 

After obtaining informed consent, normal human bone marrow cells from adults 
were obtained, by sternal aspiration of patients undergoing cardiac surgery 
(approved by the ethical committee of the Academic Medical Centre, Amsterdam, 
the Netherlands). After obtaining informed consent, bone marrow samples from 
children younger than 13 years of age (before first signs of puberty) were obtained, 
from children who served as donors for a sibling undergoing bone marrow 
transplantation. Peripheral blood stem cells were obtained (with approval of the 
medical ethical committee and after informed consent) from leukocytapheresis 
material of patients (two with multiple myeloma and three with non Hodgkin 
lymphoma,) treated with chemotherapy and G-CSF (5-10 ug/kg/day subcutaneously; 
Filgastrim, Amgen, Thousand Oaks, CA, USA). Umbilical cord blood was harvested 
from placentas of full-term pregnancies immediately after delivery (after informed 
consent). 

Cell purification and culture 

Mononuclear cells were isolated by density gradient centrifugation 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. CD34+ 

cells were cultured, as described before [18], in Iscove's Modified Dulbecco's 
Medium supplemented with 10% heparinized human AB plasma from a healthy 
donor, 1 mM sodium pyruvate (Gibco, Paisley, Scotland), lx MEM vitamins 
(Gibco), lx MEM non-essential amino acids (Gibco), 0.2% human serum albumin 
(w/v) (CLB, Amsterdam, The Netherlands), 0.02 mg/ml L-asparagme (Gibco), 
0.01 mM monofhioglycerol (Sigma, St.Louis, MO, USA), glutamme and 
penicillin/streptomycin. 
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A total of 2 x 10' CD34^ cells/ml were seeded m 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, with the indicated combinations of growth factors, without 
additional feeding of growth factors or medium. Tpo (a generous gift from 
Genentech, San Francisico, CA, USA), IL-1 (IL-Iß, Peprotech, Rocky Hill, NJ, 
USA) and IL-3 (R&D, Abingdon, UK) was used at 10 ng/ml. After eight days of 
culture, the cells were analysed for surface marker expression by FACS analysis. 
Cell viability was determined with trypan blue exclusion. The proliferation factor 
was determined as the absolute increase m cell number (absolute 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 for 10 
minutes (180 g) with the brake on half maximum, were resuspended in PBS 
containing 0.2% (w/v) bovme serum albumin (BSA) and were used for FACS 
analysis. The cells were incubated with fluorescein isothiocynate (FITC)- or 
phycoerythnn (PE)-labeled monoclonal antibodies (mAbs) for 30 minutes at 4°C . 
Isotype-matched mouse IgG subtypes served as controls. After 30 minutes of 
incubation, the cells were washed m PBS/0.2% BSA. After washing, the cells were 
resuspended m an appropriate volume of PBS/0.2% BSA and analysed by 
FACScan (Becton and Dickinson (B&D), San Jose, CA, USA). 

The following FITC-conjugated mAbs were used: IgGl ïsotype ontrol (CLB-
203, CLB), CD 15 (myeloid; CLB-gran/2,B4, CLB) and CD41 (megakaryocyte; 
CLB-48, CLB). PE-conjugated mAbs were: IgGl isotype control (X40, B&D), 
CD14 (monocytic; CLB-mon/l,8G3, CLB) and CD34 (stem cells; 581, 
Immunotech, Marseille, France). 

Ploidy 

Megakaryocyte ploidy was measured by flow cytometry [18]. The cultured cells 
were fixed with 1% paraformaldehyde and subsequently labeled with FITC-
conjugated CD41 moab. Thereafter, the cells were incubated for 1 hour at 4°C with 
propidium iodide (50 u.g/ml) to stam the DNA, m a medium containing RNAse 
(100 ug/ml) and 0.1% (v/v) Tween 20. 

Statistical analysis 

Statistical analysis was performed using SPSS for windows, release 7.5 (SPSS 
Ine, Cary, NC). Independent t-test was used to determine statistical differences, p < 
0.05 was considered significant. 
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Results 

Influence of cytokines on proliferation of CD34+ cells 

CD34+ cells derived from the four different sources, peripheral blood (PB), cord 
blood (CB), bone marrow from adults (ABM) or bone marrow from children 
(ChBM), were cultured for eight days in a liquid culture system in the presence of 
Tpo, Tpo + IL-1 or Tpo + IL-3. The proliferation factors obtained with the various 
conditions are depicted in figure 1. In general, cultures with CB-denved CD34" 
cells showed the highest proliferation rates for all growth-factor combinations. For 
all progenitor cell sources, proliferation obtained in cultures with only Tpo was the 
lowest; no net proliferation was observed with ABM-, ChBM- and PB-derived 
CD34+ cells and a five-fold increase in cell number was obtained with CB-derived 
progenitor cells. Addition of IL-3 and to a lesser extent of IL-1 led to a significant 
increment m proliferation m cultures with PB- and ABM-derived CD34+ cells. In 
cultures with CD34" cells from CB or ChBM, proliferation on Tpo + IL-3 
stimulation was significantly higher than on Tpo + IL-1 exposure. 
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Figure 1. Proliferation of CD34+ cell cultures in the presence of various cytokine combinations 
CD34+ cells from CB, PB, ABM or ChBM were cultured for eight days in the presence of the 
indicated cytokine combinations. Trypan blue exclusion was used to determine the number of viable 
cells. Depicted is the proliferation factor which reflects the absolute increase in number of cells. The 
mean + SEM is given of at least three independent experiments per cytokine combination. ChBM-
derived cells were only twice cultured with Tpo as single cytokine. Cultures with CB-derived CD34+ 

cells showed significantly higher proliferation rates than cultures with PB-, ABM- or ChBM-derived 
CD34+ cells (p < 0.005 for Tpo + IL-3, p < 0.05 for Tpo and Tpo + IL-1. * p < 0.05, ** p < 0.005. 
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Figure 2. Absolute number of cell-lineage specific cells obtained per seeded CD34+ cell 
Absolute number of cell-lineage specific cells obtained per seeded CD34+cell in cultures of CD34+ 

cells derived from CB, ChBM, ABM or PB. CD34+ cells were cultured for eight days in the presence 
of the indicated cytokine combinations. The percentage of cell-lineage specific cells was determined 
with flowcytometry. a) number of CD41+ (CD34+CD41+ and CD34"CD41+) cells obtained per seeded 
CD34' cell, b) number of CD34+CD41+ cells obtained per seeded CD34+ cell (this subset is a 
subfraction of the CD34+ and CD41r cells), c) number of CD34+ (CD34+CD4T and CD34XD41') 
cells obtained per seeded CD34+ cell, d) number of CD14+ cells obtained per seeded CD34+ cell and 
e) number of CD15+ cells obtained per seeded CD34T cell. The mean of at least three independent 
experiments per cytokine combination + SEM is given. Except for ChBM-derived cells cultured with 
Tpo, n = 2. With CB cells higher numbers of CD4T cells were obtained compared to ABM, ChBM 
or PB cultures for all growth factor combinations (p < 0.05). With Tpo and Tpo + IL-3 the number of 
CD34'CD4T cells was higher in CB cultures than in PB and both BM cultures (p < 0.05). * p<0.05, 
**p< 0.005. 
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Influence of CD34+ cell source and cytokines on megakaryocyte formation 

To determine the number of megakaryocyte cells obtained after culture of 
CD34" cells, the expression of the platelet marker CD41 (glycoprotein lib) was 
measured by flow cytometry. CD34+CD41* cells were regarded to reflect immature 
megakaryocytes capable of proliferation and differentiation [18,19]. Table I shows 
that in all cultures, exposure to Tpo alone yielded the highest percentage of CD41' 
cells. However, because only CB CD34" cells proliferated in response to Tpo 
alone, this was the only cell source showing expansion into the megakaryocyte 
lineage in cultures without IL-1 and IL-3 (Fig 2A, 2B). 

Addition of IL-3 decreased the percentage of CD41+ cells, but to obtain the 
highest absolute numbers of megakaryocytes (CD41+ cells), the cytokine 
combination Tpo + IL-3 seemed better, for all sources, than Tpo + IL-1 (Table 1 
and Fig 2A). For expansion of immature megakaryocytes (CD34+CD41+ cells) 
from PB-derived CD34+ cells, we previously showed that Tpo should be combined 
with IL-1 [18]. Fig 2B seem to confirm our previous observations for PB-derived 
CD34+ cells, although not significant. This difference in expansion potential of Tpo 
+ IL-3 versus Tpo + IL-1 m PB cultures was also found in cultures with BM-
derived CD34T cells, but not in those with CB CD34T cells (Fig 2B). 

In cultures with CB-derived CD34+ cells the absolute number of CD4L cells 
was significantly higher compared to the other CD34" cell sources with all three 
growth-factor combinations (Fig 2A). The percentage of immature CD34+CD41 + 

megakaryocytes was decreased upon addition of IL-3 in PB and both BM cultures, 
whereas m CB cultures about 5% of the cells coexpressed CD34 and CD41, 
irrespective of the cytokine combination. The absolute number of CD34+CD41 + 

megakaryocytes cultured from CB cells was significantly higher in Tpo and in Tpo 
+ IL-3 cultures than found in ABM, ChBM or PB cultures. 

Presence of CD34+ cells after culture 

The percentage of cells that remained CD34" after eight days of culture varied 
between the 20 and 30% for ABM, ChBM and PB cultures in presence of Tpo or 
Tpo + IL-1, addition of IL-3 decreased the percentage of cells expressing CD34 
(Table 1). In CB cultures the percentage CD34+ cells was comparable for all 
growth factor combinations (Table 1). In ABM and PB cultures the absolute 
number of CD34" cells was highest if cultured with Tpo + IL-1, whereas in CB 
cultures Tpo + IL-3 yielded the most CD34+ cells (Fig 2C). 
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Table 1. Percentage of cell linea ge specific cells obtained in CD34+ cell c ultures 

%CD41 %CD34/CD41 % CD34 %CD15 %CD14 

CB Tpo 
Tpo + IL-1 
Tpo + IL-3 

82 = 5.4 
80 ±4.3 
62 ± 1.5 

5= 1.5 
6± 1.5 
5 = 0.9 

15 ±4.7 
13 ± 1.5 
12 ± 1.5 

2 ±0.6 
4 ±0.3 
10 ±3.7 

1 ±0.7 
6 ±1.2 
3 ±0.7 

ChBM Tpo* 
Tpo + IL-1 
Tpo + IL-3 

27 
21 ±2.9 
12 ±0.8 

9 
10 ±.1.5 
2 ±0.0 

25 
20 ±4.6 
8 ±0.6 

24 
26 ±.4.0 
18 ± 3.8 

13 
30 ±0.7 
34 ±7.3 

ABM Tpo 
Tpo + IL-1 
Tpo + IL-3 

52 ±7.2 
45 ± 14.4 
38 ± 10.3 

11 ± 1.3 
17 ±2.4 
6±0.8 

25 ±2.5 
30 ±2.8 
13 ± 1.7 

11± 1.7 
17 ±2.0 
10± 1.8 

8 ±1.3 
22 ±3.9 
11 ±2.6 

PB Tpo 65 ±3.5 9 ±3.6 24 + 7.4 5 ±1.9 2 ± 0.7 
Tpo + IL-1 55 ±.5.9 11+2.8 23 ±4.1 6 ±2.0 14 ±4.0 
Tpo + IL-3 45 + 5.4 3 ± 0.8 8 + 2.0 11 ± 1.4 3 ± 0.4 

CD34+ cells derived from CB (a), ChBM (b), ABM (c) or PB (d) were cultured for eight days in the 
presence of the indicated cytokine combinations. The percentage of CD41+, CD34+CD41+, CD34", 
CD15+and CD14+ cells was determined with flowcytometry. The percentage of CD34+CD41+ cells 
are subfraction of the CD34+ and CD41+ cells. The mean of at least three independent experiments 
per cytokine combination ± SEM is given. Percentage CD41+ cells was higher in CB cultures than 
with all other sources in Tpo and Tpo + IL-1 supplemented cultures (p < 0.05). In culture with Tpo + 
IL-3 percentage CD14+ cells was increased with ChBM cells compared with all other sources (p < 
0.05). Percentage CD15+ cells was higher in ChBM and ABM cultures with Tpo + IL-1 compared to 
PB and CB cultures (p < 0.01 ). 

Phenotypic characterization of the non megakaryocytic cultured cells 

To identify, apart from CD41+ cells, the other cell types formed on cultunng 
CD34+ cells the expression of various cell-specific markers was determined by 
flowcytometry (Table 1 and Fig 2D, 2E). No erythroid or lymphoid cells were 
cultured. In all cultures, addition of IL-1 to Tpo led to a significant increase in both 
the percentage as well as the absolute number of monocytic (CD14+) cells (Table 1 
and Fig 2D). For all sources, supplementation of Tpo with IL-3 gave a significant 
increment in absolute number of monocytes, but to a lesser extent m PB CD34+ 
cell cultures (Fig 2D). In Tpo + IL-3 supplemented cultures with ChBM cells the 
percentage of monocytes was significantly higher than found with the other sources 
(Table 1). 

With ChBM approximately 20% myeloid (CD15+) cells were obtained, 
irrespective of the cytokine combination used (Table 1). In both ABM and ChBM 
cultures presence of IL-1 induced formation of a higher percentage CD15" cells 
than found m PB and CB cultures. 
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Differences in ploidy of expanded megakaryocytes from different CD34+ cell 
sources 

Ploidy of cultured CD41+ cells was measured, because it correlates with the 
degree of endomitosis, thereby reflecting the maturation stage of the formed 
megakaryocytes. Megakaryocytes derived from ChBM cells could not be evaluated 
due to the limited number of cells. CD41" cells obtained after culture of PB-
denved CD34" cells showed a ploidy of up to 32N; only in cultures with Tpo as 
single cytokine 64N cells were detected (Fig 3C). Within the CD4T cell 

o 
CL 

Tpo Tpo+IL-1 Tpo+IL-3 

Figure 3. Ploidy of cultured CD41+ cells 
Ploidy of cultured CD41* cells obtained after eight days of culture of a) CB-, b) ABM-, or c) PB-
derived CD34* cells in the presence of the indicated cytokine combinations. Ploidy was measured 
with propidium iodide staining of DNA content. The mean of at least three independent experiments 
per cytokine combination + SEM is shown. 
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population cultured from ABM-derived CD34+ cells, cells with a ploidy up to 64N 
were found (Fig 3B). In cultures with CB-denved CD34+ cells, CD41+ cells with a 
ploidy of 32N were obtained, for all growth-factor combinations (Fig 3A). 
However, the percentage of CD41+ cells with a ploidy of more than 8N was lower 
than in ABM and PB cultures. Between the different growth-factor combinations 
no large differences in ploidisation were noted (Fig 3A, B, C). In ABM and PB 
cultures, however, presence of IL-3 seemed to reduce the ploidy of the cultured 
megakarycoytes because fewer 32N and 64N cells were observed. 

In addition to the polyploidisation state of the cultured CD41+ cells, the mean 
level of CD41 expression was compared. For all cell sources and growth-factor 
combinations, the mean CD41 fluorescence intensity of CD34+CD41+ cells was 
lower than of the CD34"CD41+ cells (Table 2). During endomitosis 
megakaryocytes increase in cell size, which subsequently leads to higher 
expression of surface molecules per cell. This implies that like the degree of ploidy 
the expression level of CD41 reflects the maturation state of the cell. The CD41 
expression of the whole megakaryocyte population (CD34'CD41+ and CD34" 
CD41+ cells) was lower in CB cultures than in PB and BM cultures with all growth 
factor combinations (Fig 4). 

ChBM 

• I ' I MIBI 
0 1 2 

10 10 10 10 10 

Figure 4. Flow cytometry analysis of CD41 expression on cultured cells 
Flow cytometry analysis of CD34+ cell cultures showing difference in CD41 expression. CD34+ cells 
from a) CB, b) ABM and c) ChBM and d) PB were cultured for eight days in the presence of Tpo + 
IL-1. One representative experiment per source is depicted. 
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Table 2. Mean level of CD41 expression on cultured CD41+ cells 

CB ChBM ABM PB 

CD34+CD4T Tpo 792 ± 73 1870 ± 516 2408 ± 861 3430 ±2341 

cells Tpo + IL-1 679 ± 1 5 1432 ± 270 2071 ± 6 3 6 1044 ± 3 6 7 

Tpo + IL-3 789 ± 6 2 1825 ± 580 1938 ± 7 9 8 1263 ± 573 

CD34"CD41+ Tpo 1348 ± 320 2850 ±270 3433 ± 6 5 8 3092 ± 673 

cells Tpo + IL-1 1079 ± 6 2 2895 ± 426 3327 ± 973 1729 ± 4 1 9 
T p o ^ I L - 3 943 ±145 2397 ± 480 2529 ± 9 5 1 1502 ± 3 1 8 

CD34+ '"CD4f Tpo 1307 ±281 2514 ± 2 5 9 3215 ± 6 1 9 3047 ± 949 
cells Tpo + IL-1 1050 ± 6 9 2149 ±168 2808 ± 740 1620 ± 4 5 0 

Tpo + IL-3 931 + 144 2305 ± 465 2405 ± 867 1502 ±311 

Mean fluorescence intensity (MFI) of CD41 on cultured CD34+ cells derived from CB, ChBM, ABM 
or PB was measured by flow cytometry. Depicted is the CD41 expression (MFI) of CD34+CD41 + 

cells, CD34CD4L cells and total population CD41* cells. The mean of at least three independent 
experiments per cytokine combination ± SEM is shown. CD41 expression of cultured CD34+/"CD41 + 

cells was lower in CB cultures than in ABM or PB cultures (p < 0.05, except for PB versus CB with 
Tpo + IL-1 p = 0.079). 

Discussion 

High-dose chemotherapy, followed by a stem cell transplant for hematopoietic 
rescue, often results in a period of severe thrombocytopenia. To reduce the period 
of thrombocytopenia, in addition to the stem cell transplant, reinfusion of ex vivo 
expanded autologous megakaryocytes may be considered. This approach has been 
tested in a feasibility study, evaluating ten patients treated for breast cancer (eight) 
and non-Hodgkin's lymphoma (two) [17]. In this study, two patients receiving the 
highest dose of megakaryocytes, as defined by CD61 expression, stayed platelet 
transfusion independent. 

In a previous study with PB-denved CD34+ cells, we performed an extensive 
analysis of various growth-factor combinations to identify the minimal cytokine 
combination suitable for optimal ex vivo expansion of megakaryocytes [18]. For 
PB-derived cells we concluded that the combination of Tpo + IL-1 was preferred 
over Tpo + IL-3. Both growth factor combinations yielded comparable numbers of 
CD4T cells, but with Tpo + IL-1 the highest numbers of CD34+CD41+ cells were 
obtained. We and others observed that the number of CD34+CD41+ cells m a stem 
cell transplant positively correlates with the time to platelet recovery [15,16]. 
Those cells reflect the immature megakaryocytes, which may be able to proliferate 
and differentiate after reinfusion and may account for thrombocyte production 
during the phase of hematopoietic recovery after myeloablative therapy. 

In the current study, we showed that the optimal cytokine combination for ex 
vivo expansion of megakaryocytes depends on the CD34T cell source. CB-derived 
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CD34" cells showed an unique pattern of outgrowth. In Tpo supplemented cultures. 
CB-derived CD34" cells showed a more than five-fold higher proliferative capacity 
than did CD34+ cells from ABM, ChBM or PB. Also upon addition of IL-1 or IL-3 
a two- to three-fold higher increase in proliferation was found with CB cells. In 
other studies it was found that the percentage of CD34+ cells that is CD38". 
representing immature progenitor cells, is increased in CB compared to BM. 
suggesting lower expansion capacity of BM CD34+ cells [20-24]. Moreover, the 
CD34+CD38" cells derived from CB were shown to proliferate faster and to have a 
higher cloning efficiency [20,23]. In another report it was observed that the 
frequency of SCID repopulating cells is increased in CB compared to BM or PB 
[25]. These studies are consistent with our observations showing increased 
proliferative capacity of CB cells compared to PB or BM cells. 

For all sources, addition of other growth factors, like IL-1 or IL-3, to Tpo was 
needed to obtain an increase in total cell number, which is in agreement with 
previous reports [26-29]. The lack of proliferation induced by Tpo alone in PB and 
BM cultures is supported by others [30-32], however, some do report cell 
expansion induced by Tpo alone [33,34]. 

Each source responded differently, with respect to percentage and absolute 
number of formed mature and immature megakaryocytes, to combining of IL-1 or 
IL-3 with Tpo. In BM and PB cultures, IL-1 had a positive effect on the percentage 
and absolute number of both CD34+ and CD34+CD41+ cells. In CB cultures on the 
other hand, the percentages of CD34+ and CD34+CD41+ cells were comparable in 
cultures supplemented with either Tpo, Tpo + IL-1 or Tpo + IL3. Thus, for CB 
CD34" cells the cytokine combination that induces the highest proliferation rate 
will lead to the highest numbers of megakaryocyte cells. Therefore, for CB CD34" 
cells, Tpo combined with IL-3 is the best combination, whereas for BM and PB 
Tpo + IL-1 is most suitable to obtain high numbers of megakaryocytes and 
megakaryocyte progenitors for transfusion purposes. 

For all sources, presence of IL-3 yielded less CD41+ cells with a ploidy higher 
than 32N and 64N. Moreover, the cultured cells showed lower CD41 expression. 
Both findings implicate a reduced maturation of megakaryocytes in presence of IL-
3, which is in agreement with other reports that also showed reduced ploidisation 
of megakaryocytes cultured in presence of Tpo and IL-3 [27,35,36]. 

Differences in outgrowth were observed between BM-denved CD34" cells 
from children and adults. With respect to the megakaryocyte differentiation, both 
sources responded comparably to the three growth-factor combinations, but with 
ChBM a lower percentage and lower absolute numbers of megakaryocytes were 
obtained compared to ABM. With ChBM, a higher percentage of myeloid and 
monocytic cells was observed, independent of the cytokine combination used (also 
observed for IL-1 or IL-3 supplemented cultures, data not shown). Thus, it seems 
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that ChBM cells have a growth-factor independent drive into the monocytic and 
myeloid lineages. No large differences in outgrowth were observed between PB 
and ABM; only the myeloid and monocyte formation was higher in ABM cultures. 

CB cells not only had the highest proliferative capacity but with CB cells also 
the highest percentage CD41" cells and the most CD4T cells per seeded CD34^ 
cell were obtained. However, the percentage of CD4T cells that still coexpressed 
CD34, which may represent the megakaryocyte progenitor most likely capable of 
restoring platelet counts after transplantation [15,16] was lowest in CB cultures. 
Furthermore, megakaryocytes cultured from CB-denved CD34' cells had the 
lowest level of CD41 expression and the lowest degree of ploidisation. It was noted 
in other studies that CB-denved CD34+ cells cannot produce high ploidy CD41 + 

cells [37-39]. Both ploidisation and CD41 expression are markers for the 
maturation state of a megakaryocyte [19] and megakaryocytes from CB thus seem 
to have an arrest m maturation. Moreover, the maturation state of a megakaryocyte 
is positively correlated to the size of the cell and to the numbers of platelets that 
can be produced [40]. With CB stem cell transplantation the time to platelet 
recovery is prolonged as compared to BM stem cell transplantations [4,5,7]. One of 
the causes may be the reduced number of stem cells in a CB transplant. If CB 
CD34" cells have an arrest m the level of megakaryocyte maturation, as indicated 
by our data, it may be postulated that, in vivo, less platelets are produced per 
formed megakaryocyte. This, in combination with the lower number of stem cells 
in a CB transplant, might explain the increased time to platelet recovery after CB 
stem cell transplantation. In a stem cell transplantation setting with PB-derived 
stem cells the time to platelet recovery is shorter than with BM-derived stem cells 
[1-3].With ABM and PB derived CD34" cells comparable numbers of immature 
and more mature megakaryocytes were obtained in vitro. Thus, if our in vitro 
results would predict the time to platelet recovery, at least a comparable time is 
expected for PB and BM. However, in daily practice the number of reinfused PB 
stem cells is approximately 10-fold higher than with BM, which might explain the 
discrepancies between in vitro expansion capacity and the observed time to platelet 
reconstitution. 

In conclusion, in this study is shown that CD34+ cells from four different 
sources respond differently to cytokine stimulation. This implicates that for 
megakaryocyte ex vivo expansion protocols the most optimal cytokine combination 
depends on the used CD34" cell source. However, not all cytokines are avaible for 
clinical use and this limits the choice of cytokines intended to be used in an ex vivo 
expansion protocol. Both Tpo and IL-1 are available for clinical application. Also 
with respect to the composition of the culture medium a well defined medium is 
preferential in a clinical setting. There are several clinical grade serum-free media 
available for expansion purposes and currently we are comparing different media 
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in our liquid culture system to identify the most suitable one (van den Oudenrijn et 
al., manuscript in preparation). 
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