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Abstract: The aim of this investigation was to evaluate the changes in PAF 
concentrations in the plasma, PBMC and BMMC of patients with acute 
lymphoblastic leukemia (ALL) and acute myeloblastic leukemia (AML). The 
plasma was from 23 healthy volunteers (HV) and 44 patients with AL (16 ALL, 
28 AML). The PBMC were from 15 HV and 55 patients with AL (18 ALL,  
37 AML), and the BMMC from 40 patients with AL (11 ALL, 29 AML). 
Methanol-chloroform phospholipid extraction from 60 x 106 cells (PBMC or 
BMMC) was performed according to a modified version of Folch’s method.  
31P MRS data was obtained on an AMX 300 Bruker spectrometer (7.05 T). The 
PAF concentration in the plasma of the patients with ALL or AML was lower 
than that for the healthy volunteers. The PAF concentration in the plasma of the 
patients with ALL did not differ significantly from that of the patients with 
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AML. In the case of both the PBMC and BMMC, the PAF concentration was 
significantly diminished in patients with ALL relative to the concentration for 
those with AML and for the healthy volunteers. No differences were observed in 
the PAF concentrations for the AML patients and the healthy volunteers.  
 
Key words: PAF, Acute leukemia, 31P MRS in vitro 
 
INTRODUCTION 
 
Phospholipids are major constituents of all biological membranes. Platelet-
activating factor – PAF (CPLAS) – is an ether phospholipid compound with  
a wide range of activities towards blood cells [1, 2]. The chemical structure of 
PAF was determined to be 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine  
[3, 4]. In nanomolar concentrations, this phospholipid plays a significant role in 
the activation of leukocytes and macrophages [5, 6], platelet aggregation [7], cell 
adhesiveness [8], angiogenesis [9] and other biological events.  
In our last study, we applied 31P MRS to analyze phospholipid changes in the 
plasma of patients with AL [10, 11], and to analyze the phospholipid composition 
of normal human PBMC [12]. The aim of this investigation was to evaluate the 
changes in PAF concentrations in the plasma, PBMC and BMMC of patients 
with acute lymphoblastic leukemia and acute myeloblastic leukemia. 
 
MATERIALS AND METHODS 
 
The plasma originated from 23 healthy volunteers (9 women and 14 men), aged 
from 22 to 55, and 44 patients with AL (18 women and 26 men), aged from  
19 to 74. The AL plasma donors were divided into 2 groups: 16 patients with 
ALL, aged from 19 to 59, and 28 patients with AML, aged from 20 to 74. The 
PBMC were obtained from 15 healthy volunteers (6 women and 9 men), aged 
from 22 to 55, and 55 patients with AL (21 women and 34 men), aged from  
17 to 76. The AL PBMC donors were divided into 2 groups: 18 patients with 
ALL, aged from 17 to 62, and 37 patients with AML, aged from 30 to 76. The 
BMMC were obtained from 40 patients with AL (18 women and 22 men), aged 
from 22 to 79. These BMMC donors were divided into 2 groups: 11 patients 
with ALL, aged from 23 to 76, and 29 patients with AML, aged from 22 to  
79 (Tab. 1).  
The diagnosis of the acute leukemia subtype was made on the basis of the 
morphological, cytochemical, cytogenetic and immunophenotypical features of 
the blast cells, and using the criteria of the French-American-British cooperative 
group (FAB). Phospholipid extraction was performed according to a modified 
version of Folch’s method. The 31P MRS spectra were obtained using an AMX 
Bruker 300 spectrometer. The methods were described previously in detail  
[10-12].  
The chemical shift of the PAF peak in the 31P NMR spectra of the investigated 
phospholipid extracts (from the plasma, PBMC or BMMC) equaled 0.14 ppm in 
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reference to 85% orthophosphoric acid. This peak was identified using  
a standard analogue of PAF (β-acetyl-γ-O-alkyl-L-α-phosphatidylcholine, from 
bovine heart lecithin, lyophilized powder), purchased from SIGMA.  
 
Tab. 1. The numbers of individuals and median age in each of the study groups. 
 

Plasma PBMC BMMC  
N Age (median) N Age (median) N Age (median) 

HV  23 25 15 24 0 - 
ALL  16 26 18 27 11 29 

 B 12 - 14 - 9 - 
 T 4 - 4 - 2 - 

AML  28 44 37 60 29 57 
 M0 3 - 2 - 1 - 
 M1 2 - 4 - 2 - 
 M2 8 - 12 - 7 - 
 M3 8 - 1 - 0 - 
 M4 10 - 15 - 12 - 
 M5 3 - 2 - 6 - 
 M6 0 - 1 - 1 - 

 
RESULTS AND DISCUSSION 
 
The 31P NMR spectra of the phospholipid extracts from the plasma are shown in 
Fig. 1. The spectra for the patients with AL demonstrated the reduction in 
integral intensity of the PAF peak in comparison with that for the healthy 
volunteers. Additionally, no PAF peak was observed in 18% of patients. There 
were no differences between the ALL and AML patients in terms of the integral 
intensity of the PAF peak (Fig. 1).  
The 31P NMR spectra of the phospholipid extracts from the PBMC are shown in 
Fig. 2. The integral intensity of the PAF peak for patients with ALL was 
decreased relative to that for patients with AML and healthy volunteers. No PAF 
peak was observed in 44% of patients with ALL. In the case of AML patients, 
the peak due to this phospholipid did not appear for only 16% of the patients.  
Fig. 2 also shows the 31P NMR spectra for the phospholipid extracts from the 
BMMC. The differences between the ALL and AML patients in the PAF peaks 
of these spectra were similar to those observed with the PBMC. The integral 
intensity of the PAF peak was also diminished in patients with ALL compared to 
that for patients with AML. No PAF peak was observed in 82% of patients with 
ALL. This peak was missing in 10% of patients with AML.  
The integral intensity of the PAF peak in the 31P NMR spectra permitted the 
evaluation of the concentration of PAF in the phospholipid extracts. The PAF 
concentrations in the above-mentioned phospholipid extracts are given in Tab. 2. 
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Fig. 1. The 31P NMR spectra of phospholipid extracts from the plasma. A – healthy 
volunteers, B – patients with ALL and C – patients with AML. 

 
 

 
Fig. 2. The 31P NMR spectra of phospholipid extracts. A – Extracts from the PBMC of 
healthy volunteers, B – patients with ALL, C – patients with AML. D – Extracts from the 
BMMC of patients with ALL and E – patients with AML. 
 
Tab. 2. The PAF concentrations in phospholipid extracts from the plasma, PBMC and 
BMMC of the test subjects. 
 

 Plasma PBMC BMMC 

 HV  
(n = 23) 

ALL 
(n = 16) 

AML 
(n = 28) 

HV 
(n = 15) 

ALL 
(n = 18) 

AML 
(n = 37) 

ALL 
(n = 11) 

AML 
(n = 29) 

C[mmol/l] 0.20±0.05 0.05±0.02 0.06±0.02 0.04±0.01 0.01±0.01 0.05±0.01 0.01±0.01 0.05±0.01 

Level p HV:ALL 
p < 0.001 

ALL:AML 
NS 

HV:AML 
p < 0.001 

HV:ALL 
p < 0.002 

ALL:AML 
p < 0.002 

HV:AML 
NS 

ALL:AML 
p < 0.001 
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Fig. 3. The PAF concentrations in phospholipid extracts from the plasma of patients with AL. 
 
 

Fig. 4. The PAF concentrations in phospholipid extracts from the PBMC and BMMC of 
patients with AL. 
 
The concentrations of PAF in the plasma of patients with ALL or AML appeared 
significantly reduced relative to those for healthy volunteers, but there was no 
significant difference between the concentrations for AML and ALL patients. In 
both the PBMC and BMMC, the PAF concentration was significantly 
diminished in patients with ALL relative to the concentration for those with 
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AML and for the healthy volunteers. No differences were observed in the PAF 
concentrations between AML patients and healthy volunteers. Subtypes of ALL 
and AML were also taken into consideration. The average concentrations of 
PAF in the phospholipid extracts from the plasma, PBMC and BMMC are given 
in Figs 3 and 4. 
In our study, the PAF concentration in the plasma of patients with ALL or AML 
was reduced in comparison to that for the healthy volunteers. Moreover, no 
differences between ALL and AML patients in terms of the PAF concentrations 
in the plasma were observed. This result concurs with those reported by Denizot 
et al. [15], who analyzed the PAF levels in the blood and the acetylohydrolase 
(AHA) levels in the serum of 79 patients with lymphoid (NHL, HD, LLC, MM) 
and non-lymphoid (AML, RAEB, MLC, PRV) hematological malignancies. 
Lower blood PAF levels were found in all these patients than in healthy 
volunteers. Moreover, the AHA levels were not different between healthy 
controls and these patients. Those authors tried to find an explanation for these 
phenomena in terms of decreased PAF production by circulating and endothelial 
cells in patients with hematological cancers [15, 16].  
The PAF activity in human bone marrow is higher (576 ± 39 pg/ml) than in the 
blood (374 ± 22 pg/ml). No correlation was found between the PAF amount and 
the lymphocyte, monocyte and erythroblast counts, but the PAF correlated with 
the granulocyte count [17]. It was observed that human marrow stromal cells 
produced 50-fold more PAF than freshly isolated BMMC, suggesting that 
stromal cells might be the major source of the human marrow-derived PAF [18]. 
Based on our previous investigations, we claimed that phospholipid 
concentrations from the PBMC do not differ significantly from those from the 
BMMC (Kuliszkiewicz-Janus M. et al. unpublished data). This has now been 
confirmed for the PAF concentration. It is very interesting that the concentration 
of PAF in the blood of the patients with ALL is significantly diminished in 
comparison with that for the patients with AML and the healthy volunteers. 
There was no difference between the patients with AML and the healthy 
volunteers in this case. A possible explanation for this observation should be 
found in the relationship between PAF contents in blast cells and the presence of 
membrane or putative intracellular PAF receptors (PAF-Rs) [16]. The results of 
Donnard et al. indicated no membrane PAF-Rs on the blast cells of all the 
investigated AML patients. By contrast, the blasts from 7 out of 15 ALL patients 
contained membrane PAF-Rs. Putative intracellular PAF-Rs were found in 
blasts of all the investigated ALL and AML patients [19]. This observation 
concerning the lack of membrane PAF-Rs in the case of AML of all the FAB 
subtypes was confirmed by Berdel et al. [20]. Moreover, membrane PAF-Rs 
could be detected in a histiocytic lymphoma line and in peripheral blood 
neutrophils and monocytes from healthy donors [20]. Additionally, the findings 
of Garcia et al. [21] showed the ability of myeloid cell lines (HL60 and U937) to 
synthesize PAF, in contrast to the absence of this property in the two lymphoid 
cell lines (Daudi and Jurkat). The clinical studies by Gugliemi et al. highlight 
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membrane PAF-R in several types of chronic mature B-cell malignancies: 
chronic lymphocytic leukemia [22], mantel B-cell lymphoma, marginal zone  
B-cell lymphoma, plasma cell lymhoma, prolymphocytic or prolymphocytoid  
B-cell leukemia, and follicular B-cell lymphoma [23]. No presence of this 
receptor was observed on leukemic blasts of patients with acute B-lymphoid 
leukemia [19]. Thus, the hypothesis arises that the expression of membrane 
PAF-R is a marker of B-cell differentiation and maturation. In this study, we 
noticed a higher PAF concentration in more mature cells, i.e. AML M2, M4 and 
M5, than in the poorly differentiated M0 and M1. The insufficient number of 
patients with individual FAB subtypes was a major cause of difficulty for valid 
statistical data analysis in the individual groups. Similar results were observed 
by Foa et al. [24], who suggested that human leukemic cells of lymphoid and 
myeloid origin show different capacities of releasing PAF possibly due to the 
level of differentiation of the cells. 
The most recent study of Reynaud et al. [25] shows the functional presence of 
PAF-R in the blast cells of patients with acute leukemia, a result that could be of 
physiological importance regarding the effect of PAF on leukocyte maturation 
and function. These results provide the foundation for the study of the role of 
PAF in regulating human blast cell proliferation and apoptosis, an area which 
requires further investigation. 
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