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Our aim was to examine in 17 patients with MDS the effects of PMA activated and non-activated 

autologous lymphocytes on selected bone marrow CD34+ progenitors, in dose response studies. We 

used a double layer culture technique. Compared with controls, there was no difference in the colony 

growth promoting capacity of autologous PMA stimulated or unstimulated blood lymphocytes from 

MDS patients. In addition, similar to control studies, increasing numbers of lymphocytes, (0, 1 × 105 , 

1 × 106 ) led to a corresponding increase in the number of CFU-GM (p = 0.04). We conclude that MDS 

blood mononuclear cells have the ability to stimulate colony growth of autologous CD34+ cells while 

these selected progenitors show a proliferative capacity that is similar to normal when they are isolated 

from the bone marrow accessory cells. 

 

 
  

 
 

1.  Introduction 

 
The myelodysplastic syndromes (MDS) are a heterogeneous 

group of haematopoietic clonal  stem  cell  disorders  which 

are characterized by peripheral blood cytopaenias, ineffective 

haematopoiesis and morphological features of dysplasia of one or 

more bone marrow cell lines [1,2]. The pathogenesis of MDS is not 

well understood, however, it is generally accepted that the devel- 

opment of the disease follows a multi-step process consequent to 

genetic damage to a pluripotential progenitor cell [3,4]. Evolution 

of the disease is associated with genomic instability and deregula- 

tion of a number of genes involved in the cell cycle, apoptosis, as 

well as in signal transcription or transduction of cellular pathways 

[5]. 

Literature has implied that the immune system plays a role in 

the pathogenesis of myelodysplasia and is a cause of many of the 

characteristic features [1,6]. Evidence for this includes the high inci- 

dence of autoimmune disorders, elevated levels of inflammatory 

cytokines in the marrow and the increase of apoptosis of haemopoi- 

etic cells in the bone marrow [1,7,8]. Investigators have suggested 

that the excessive apoptosis may be caused by immune inhibition 
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of the abnormal clone by reacting T-cells [1,9]. Research utiliz- 

ing T-cell spectratyping to analyse the variable portion of the   

chain of the T-cell receptor suggest skewing of the T-cell repertoire 

and it is hypothesized that these clones were reacting to antigens 

expressed on the surface of the malignant cells [10,11]. This the- 

ory has been supported by experiments in which T-cell depleted 

and non-T-cell depleted bone marrow mononuclear cells (MNC) 

were seeded onto allogeneic bone marrow stroma and the colony 

growth compared. The cultures depleted of T-lymphocytes resulted 

in superior colony growth and implied that haemopoiesis was being 

inhibited by T-cells [12]. These studies have been substantiated by 

other experiments which have removed activated CD8+ and CD4+ 

T-cells from the mononuclear population [13,14]. 

Further investigations examining the effects of CD8+ cytotoxic 

T-cells on pluripotent progenitors from 34 MDS patients express- 

ing trisomy 8 has also shown inhibition of colony growth [15] and 

more recently, autologous cytotoxity against haemopoietic precur- 

sors by natural killer cells has been demonstrated [16]. However, 

the nature of the cells in apoptosis still remain controversial and 

studies have suggested that death occurred in more differentiated 

CD34 (negative) cells while the proportion of CD34+ cells undergo- 

ing apoptosis was similar to normal [17,18]. In addition, we have 

previously shown that the bone marrow stroma is dysfunctional in 

MDS. In that study selected CD34+ progenitors in the absence of 

accessory cells had similar clonogenic capacity to normal controls 

[18]. That report suggested that the stromal and other accessory 

cells were responsible for the inhibition of colony growth. The aim 

of the present study was therefore to co culture activated peripheral 
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blood immune cell with selected CD34+ progenitors and determine 

the clonogenic growth of MDS CD34+ cells in a novel double layer 

culture system. 

 
2. Methodology 

 
2.1. Patients and controls 

 
This study was approved by the University of Cape Town Ethics Committee and 

both patients and normal control groups were required to read and sign a consent 

form prior to any bone marrow or blood samples being taken. Seventeen patients 

with newly diagnosed myelodysplastic syndrome (MDS) were prospectively stud- 

ied. The diagnosis of myelodysplasia was made according to criteria proposed by 

the World Health Organisation (WHO) classification of malignancies [19,20]. 

 

2.2. Isolation of mononuclear cells and lymphocytes 

 
Bone marrow rich blood was collected into 50 ml tubes containing 1000 units 

of preservative free heparin. In addition, patients were venisected and 30 ml of 

peripheral blood was collected into sodium heparin  vacutainers.  The  mononu- 

clear cells from both the peripheral blood and the bone marrow were separated 

by ficoll density centrifugation (1.077 g/ml: Histopaque – Sigma–Aldrich). Residual 

red cells were removed with ammonium chloride and the mononuclear population 

was counted using an automated particle counter (Model: Zf, Coulter Electronics – 

Hialeah, FL, USA). 

 

2.3. Activation of lymphocytes 

 

The lymphocytes in the blood mononuclear population were activated using 

phorbol 12-myristate 13 acetate (PMA) (Sigma–Aldrich: catalogue no: P8139) at a 

concentration of 10 ng/ml according to a method described by Maino et al. [21]. 

Briefly, the PMA was added to the mononuclear population and incubated at 37 ◦C 

in the presence of CO2 . After 4 h the T-cells were analysed for expression of the acti- 

vation antigen CD69 (Clone: TPI.55.3, IM1943, Beckman Coulter). This was achieved 

by gating on the CD3+ population using an anti CD3 antibody (CD3-PC5 IM2635 

Beckman Coulter). Analysis took place using a Bectin Dickinson Facs Calibur flow 

cytometer and the expression of CD69 was compared to autologous lymphocytes 

which had not been activated and to a series of age matched normal controls (Fig. 1). 

2.4. Isolation of bone marrow CD34+ cells 

 
Bone marrow mononuclear cells were depleted of accessory cells by plastic 

adherence at 37 ◦C for 2 h. Thereafter, the non-adherent cells were incubated with 

anti CD52 (CAMPATH; IgM; Therapeutic Antibody Centre, Headington, Oxford, UK) 

and AB serum as a source of complement (Western Province Blood Transfusion Ser- 

vice, South Africa) at 37 ◦C in 5% CO2 for 50 min. The plastic non-adherent cells were 

then washed and re suspended in 0.5 ml phosphate buffered saline with 20% AB 

serum. CD34+ cells were isolated from the non-adherent and CD52 cell depleted 

mononuclear bone marrow population using magnetic beads labelled with an anti 

CD34 antibody, according to the manufacturer’s instructions (Dynal Biotech: prod- 

uct number: 113.010). The selected CD34+ population was enumerated using a 

Neubauer counting chamber and the cells adjusted to a count of 1 or 5 × 103 cells/ml 

as needed. Determination of the purity of CD34+ cells was performed by flow cytom- 

etry using an anti CD34+ antibody (Clone: QBEnd10, IM1250, Beckman–Coulter). 

 

 
 

2.5. Double layer CFU-GM culture system 

 

The enriched CD34+ cells were cultured in a double layer agar culture system. 

The under-layer was made up of, as previously described, either PMA activated 

or non-activated autologous blood mononuclear cells at two cell concentrations 

(1 × 105 and 1 × 106 ). The mononuclear cells were suspended in 30% foetal calf 

serum and 25% agar in IMDM. The top layer comprised of selected CD34+ cells, 30% 

foetal calf serum, 15% agar and 10 ng/ml of the cytokines IL-3 (Sigma, Missouri, USA: 

I1646) and G-CSF (Sigma, Missouri, USA – G0407). Once the denser agar rich under- 

layer (containing lymphocytes) had set, it was covered with the CD34+ enriched 

population in an over layer which contained less agar and was therefore less dense. 

As the blood mononuclear cells were immobilised by thicker agar, there was no obvi- 

ous contact with the CD34+ population within the over layer. Cultures were then 

enclosed with 1 ml of 30% foetal calf serum in IMDM and incubated in a humidified 

incubator at 37 ◦C in 5% CO2 for 14 days. In addition, dishes containing CD34+ cells 

but without mononuclear cells and with or devoid of growth factors were used as 

control cultures. All clonogenic assays were performed in duplicate and after 14 days 

the numbers of CFU-GM were counted using an inverted microscope. A colony was 

defined as an aggregate consisting of >40 cells. Smaller aggregates were not evalu- 

ated. Colony scores were corrected for the input CD34+ cell number (expressed as 

colonies/1 × 103 CD34+ cells). Colony numbers from MDS patients were compared 

to the values obtained from a series of normal controls. 

 

 
 

Fig. 1. Flow cytometric dot plots and histograms demonstrating the gating strategy and % CD69 positivity in the CD3+ lymphocytes in a patient pre and post activation with 

PMA. 
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Table 1 

Patient Demographics. 
 

Patient Sex Age Diagnosis IPSS score Cytogenetics % CD3+ cells 

in MNC 

% Blast in BM Leucocytes 

(×109 /l) 

Platelets 

(×109 /l) 

Haemoglobin 

(g/dl) 

1 F 66 RAEB2 2 Normal 76 18 11.16 24 6.1 

2 M 70 RARS 0.5 Trisomy 8 35 <5 4.3 167 10.3 

3 M 64 RA 0 5q− 45 <5 4.8 239 12.2 

4 F 70 RARS 0 Normal 79 <5 6.06 238 8.7 

5 F 61 RCMD 0.5 5q 31− 64 5 3.0 409 8.4 

6 M 83 RARS 0.5 
  

<5 3.0 128 6.4 

7 M 65 RAEB 1.5 No metaphases 64 10 4.7 38 10.6 

8 F 76 RCMD 0 
 

77 <5 5.1 229 6.7 

9 M 60 RAEB1 1 Normal 46 8 4.17 59 7.8 

10 M 60 RCMD 0 Normal 61 <5 4.89 311 7.0 

11 M 69 RCMD 1 Del (12) (p11.2) 26 <5 4.3 65 8.5 

12 M 70 RAEB 1 Monosomy 5 74 10 4.0 19 9.2 

13 F 75 RCMD 0.5 Normal 66 <5 2.42 213 9.5 

14 F 56 RCMD 0.5 Normal 52 <5 3.6 223 8.5 

15 F 61 RCMD 0.5 Normal 51 <5 1.3 67 8.4 

16 F 56 RCMD 0.5 No metaphases 49 <5 3.7 179 8.2 

17 M 56 RAEB2 2 Del (5) (q13q33), −16, −22 62 18 4.9 74 7.3 

 

3. Results 

 
3.1. Patient population 

 

Seventeen individuals with the diagnosis of myelodysplastic 

syndrome were studied. According to the International Prognostic 

Scoring System [22], four patients had low-risk MDS, ten were in the 

intermediate-1 group and three patients fell into the intermediate- 

2 category. The demographic data of the patients is shown in 

Table 1. In addition, normal individuals donated bone marrow 

(n = 6) and blood (n = 19) and served as a control population. The 

median age of the patient population was 66 years (range: 56–83) 

and the control group had a median age of 75 (range: 40–81) years. 

To determine function of the T-cell population in MDS, periph- 

eral  blood  and  bone  marrow  cells  were  studied.  First,  T-cell 

activation with phorbol 12-myristate 13 acetate was investigated 

using freshly obtained blood mononuclear cells. The effect of acti- 

vated peripheral blood mononuclear cells on selected bone marrow 

CD34+ cells was then determined in a double layer clonogenic assay 

system. 

 

3.2. T-cell activation 

 

Blood mononuclear cells in 17 patients were activated using 

PMA as previously described. The median percentage of T-cells 

expressing CD69 before stimulation with PMA was 0.76 (0.04–33)% 

which although elevated in some patients, was not significantly dif- 

ferent to the control group which was 0.14 (0.02–3.86; NS)%. After 

incubation with PMA, the median percentage of CD69+ T-cells in 

the MDS group increased to 30% (9–95) compared to 82% (59–99) 

in the age matched normal controls. Although the results were het- 

erogeneous, these values were significantly lower compared to the 

age matched controls (p = 0.025). No correlation could be detected 

between the % activation of T-cells and IPSS score or MDS subtype. 

 

3.3. The effects of blood mononuclear cells on CD34+ colony 

growth (Fig. 2) 
 

In order to determine the effects of the immune cells on bone 

marrow cell colony growth, both activated and non-activated 

autologous mononuclear cells were cultured with isolated CD34+ 

stem cells in a double layer culture system. The mononuclear 

layer consisted of both peripheral blood lymphocytes (median 67%) 

and monocytes (median 32%). The median percentage of the cells 

expressing CD3 was 61%. Autologous (PMA activated and not acti- 

vated) mononuclear blood cells cultured in 25% agar were covered 

with CD34+ selected cells suspended in culture medium containing 

15% agar, 10% FCS and cytokines. Mononuclear cells were only seen 

at the bottom of the under layer and migration to the top layer was 

not observed in any culture (Fig. 2). 

The culture results of the  17  patients  studied  demonstrated 

that there was a cell dose response in the colony numbers directly 

related to cultured lymphocyte numbers. As the mononuclear cells 

in the under layer were increased from 0, 1 × 105  and 1 × 106, the 

production of CFU-GM was also enhanced (Fig. 2; p = 0.04). In addi- 

 

 
 

Fig. 2. Bar graphs illustrating the median colony growth of CD34+ cells in patients 

with MDS compared to normal controls. All cultures consisted of selected CD34+ 

cells on the top layer with the addition of the following in the under layer: 

• (No Ly/No GF) No growth factors or mononuclear cells 

• (GF only) Growth factors (IL-3 10 ng/ml and G-CSF 10 ng/ml) but no mononuclear 

cells in the under-layer 

• (Non-Act Ly) Non-activated lymphocytes in the under-layer and no growth factors 

• (Act Ly) Activated lymphocytes in the under-layer and no growth factors 

• (Non Act Ly 105 ) Non-activated lymphocytes (1 × 105 ) in the under-layer with 

growth factors. 

• (Act Ly 105 ) Activated lymphocytes (1 × 105 ) in the under-layer with growth 

factors 

• (Non Act Ly 106 ) Non-activated lymphocytes (1 × 106 ) in the under-layer with 

growth factors 

• (Act Ly 105 ) Activated lymphocytes (1 × 106 ) in the under-layer with growth 

factors 

Graphs demonstrate that there was a cell dose response in the colony numbers 

directly related to mononuclear cell number in the underlayer. As the number of 

immune cells was increased from 0, to 1 × 105 to 1 × 106 there was a corresponding 

increase in the number of CFU-GM in both the MDS patients (p = 0.04) and in the 

control group (p = 0.02). There was no significant difference in colony scores between 

MDS and control samples. 
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tion, when the dose of activated immune cells was increased from 

a concentration of 1 × 105 to 1 × 106 the number of colonies was 

higher in both groups (p = 0.02). At a mononuclear cell concentra- 

tion of 1 × 106, in the PMA activated vs. non activated groups, the 
median CFU-GM scores were 16 (range 3–56) compared to 8 (range 

0–42; p = 0.05). This pattern of clonogenic growth was similar to 

that observed in samples from normal individuals. In summary, 

these investigations indicate that the soluble factors produced by 

the immune cell populations in MDS, when physically unconnected 

from autologous CD34+ progenitors can stimulate colony growth 

similar to control cells. 

 

 

4. Discussion 

 
The aim of this study was to test further the clonogenic potential 

of CD34+ bone marrow cells and study the complex relationship 

of immune cells with CD34+ MDS progenitor cells. Compared to 

age matched controls the T-lymphocytes in this group of MDS 

patients had a significantly reduced ability to be activated with 

PMA. However, they were able to stimulate CFU-GM growth in a 

similar fashion to normal cells. Indeed, the production of an ade- 

quate conditioned medium  that induces CFU-GM proliferation 

could be considered as another global indicator of cell function. 

Early studies using tritiated thymidine incorporation in lym- 

phocytes suggested that the activation of T-cells was defective 

in MDS patients [23]. Supporting these observations, our study 

also showed that compared to age matched controls there is a 

significantly diminished ability of the lymphocytes to be acti- 

vated with PMA. However, a more recent study of 131 MDS 

patients reported that the T-lymphocytes  in  both  the  periph- 

eral blood and bone marrow also expressed an activated cell 

phenotype (HLA-DR+, CD57+, CD28−, CD62L−) [24]. In addition, 

multiple transfusions of blood products have also been shown 

to stimulate cells of the immune system with the consequent 

activation of T-cells [25]. The patients in our study were also 

transfusion dependant and blood products may have initiated a 

T-cell response, explaining the reduced response to PMA. How- 

ever, in our study, although some individual patients had increased 

expression of CD69 prior to PMA stimulation, there was a wide 

variation in the results but the median percentage was not sig- 

nificantly different to normal. Our results, together with previous 

reports which suggest an activated immune environment in MDS 

[10,11,15,16,25] led us to examine the effects of immune cells on 

colony growth. 

Our results of selected CD34+ cells from seventeen patients with 

MDS cultivated with cytokines and with non-activated or activated 

autologous lymphocytes showed wide variability in the number of 

colonies. When the number of immune cells in the under layer was 

increased there was also a significant dose response in the num- 

bers of colonies. Notably, the cultures containing 1 × 106 activated 

cells had significantly higher median numbers of CFU-GM (p = 0.05) 
but was  not significantly  different to  the control  culture. These 

observations are important as they vary from most other reports 

in the literature which have suggested that cells of the immune 

system, particularly T-cells and natural killer cells, directly sup- 

press colony growth through enhanced secretion of inflammatory 

cytokines and negative regulators [16,26–31]. However, our exper- 

imental system is significantly different as lineage positive cells 

were depleted and CD34+ cells were selected, reducing the effect 

of accessory cells such as macrophages, dendritic cells, endothe- 

lial cells, granulocytes and lymphocytes, all of which could have an 

effect on colony growth. In addition, our experimental culture sys- 

tem ensured that the clonogenic progenitors were mainly stroma 

free and physically separated from the mononuclear cells in the 

under layer immobilised by denser agar avoiding direct cell con- 

tact with the CD 34+ cells. In this system, soluble factors released 

by lymphocytes and monocytes in the under layer formed a condi- 

tioned medium  which enhanced the proliferative capacity of the 

CD34+ population in MDS that was not different to control samples 

(Fig. 2). 

The under layer in our experimental system, consisted of lym- 

phocytes (67%) and monocytes (32%). This may be relevant as 

monocytes and other antigen presenting cells have been shown to 

be clonal with abnormal expression of co-stimulatory molecules, 

cytokine secretion and a decreased ability to stimulate allogeneic 

T-cell responses in MDS [32–34]. Further studies have also implied 

that the monocytes are already activated as they have increased 

expression of complement receptors and the activation antigens 

CD65 and CD40 ligand. The presence of monocytes could therefore 

either suppress the activation of T-cells (lack of co-stimulation) or 

stimulate them by the increased expression of CD40 which binds 

to CD40-ligand on the surface of the T-cell and plays a role in 

their activation [35,36]. This is the topic of our current research. 

Nevertheless, in our dual layer culture system, monocytes and lym- 

phocytes together appeared to secrete cytokines and soluble factors 

which stimulate CD34+ cell proliferation not significantly different 

to control cultures. This would also imply that the ability of the MDS 

CD34+ population to proliferate is preserved and could explain why 

the malignant clone does not become extinct in vivo. It is there- 

fore possible that the increased apoptosis and inhibition of colony 

growth previously described [26–31] is a consequence, not solely 

of the T-cells reacting against the CD34+ progenitor cells, but of 

the complex interaction of the malignant progeny with the bone 

marrow environment. 

In support of these observations, we have previously described 

that the bone marrow stroma is dysfunctional in MDS and may 

also influence the immune response and colony growth. In that 

study, in the presence of haematopoietic cytokines, the clonogenic 

capacity of selected CD34+ progenitors (devoid of accessory cells) 

was also similar to control studies [18]. The bone marrow stroma 

is composed of a number of cells which include endothelial cells, 

adipocytes, reticular cells, osteoblasts and fibroblasts. This network 

of cells supports haemopoiesis by providing structural and func- 

tional support. Malignant macrophages and dendritic cells are part 

of the malignant clone and can become part of the bone marrow 

stroma creating an abnormal microenvironment [37]. Research has 

demonstrated that exposure of stromal cell lines to tumour necro- 

sis factor TNF- which has been shown to be elevated in MDS [38], 

resulted in increased levels of IL-32 and IL-6 mRNA and decreased 

expression of anti-apoptotic genes [39,40]. IL-32 in turn increases 

the production of TNF, continuing the cycle of stromal cell activa- 

tion [40]. It has been suggested that malignant stem cells could also 

play a role by expressing molecules such as B7-H1 and B7-2 which 

suppress a Th1 response while favouring the secretion of IL-4 and 

IL-10 [41]. IL-10 is known to suppress an inflammatory response 

and therefore could in fact stimulate proliferation of the malignant 

stem cells. 

Myelodysplasia is a heterogeneous group of diseases and 

patients display varying clinical, prognostic and morphological pro- 

files. Eight of our patients were diagnosed with RCMD, three with 

RARS, three with RAEB1, two with RAEB2 and one patient with RA. 

Our results suggest that although the T-cells had reduced activation 

capacity when stimulated with mitogen, their ability to stimulate 

colony growth of autologous bone marrow CD34+ cells was pre- 

served when bone marrow accessory cells are removed and direct 

contact with the stem cells is prevented. Previous studies have sug- 

gested that as the disease evolves the immune system is unable 

to regulate the proliferation of malignant cells and that this con- 

tributes to the transformation to acute leukaemia [1]. Our study 

was unable to contribute to this observation as only 17 patients 

were investigated. Larger numbers of patients at all stages of MDS 
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would need to be studied in order to examine differences between 

the various subtypes. 

Our investigations show that the stimulating properties of 

immune cells on CD34+ progenitors are similar to normal. In addi- 

tion, we emphasise that progenitor cells, T-cells and other immune 

cells cannot be examined in isolation. This observation would imply 

that the complex direct cell–cell interactions with CD34+ cells in 

the bone marrow of MDS patients are critically important. Better 

understanding of the immune system in malignant environments 

could lead to the development of therapies which utilise T-cells and 

other cells of the immune system to target malignant clones. 
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