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Abstract. The conversion of endogenous arachidonic 
acid (AA) by polymorphonuclear cells (PMN) from 
patients with rheumatoid arthritis (RA) was studied 
before (DO) and one day (D1) after antiinflammatory 
drug therapy. The biosynthesis of 5,15-diHETE and 
lipoxins (LXS), were investigated ex  vivo, after PMN 
stimulation by ionophore A23187 without exogenous 
addition of 15-HETE. The eicosanoids were resolved by 
RP-HPLC and simultaneously detected at 246 and 
302 nm respectively. Large amounts of 5,15-diHETE (50 
to 400 ng/107 PMN) and significant levels of LXS (from 2 

7 to 20ng/10 PMN) were produced with individual 
differences between donors. Metabolite levels varied 
between patients but this work showed for the first time 
a linear relationship between the amounts of 5,15- 
diHETE and LXS. Moreover LXS production after 
treatment may be related to long-term clinical 
improvement of patients. 
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Introduction 

Low dose methotrexate (MTX) therapy and glucocorti- 
coid pulse were found to be effective in patients with 
active rheumatoid arthritis (RA) [1, 2, 3, 4]. Their 
mechanism of action in RA remains controversial. 
Arachidonic acid ex  vivo metabolism by polymorpho- 
nuclear cells (PMN) from patients with RA is dependent 
on the type of the treatment. However after 24h MTX 
injection [5, 6] or long-term weekly oral administration [7] 
a significant decrease of leukotriene B 4 (LTB4) produc- 
tion was described. The results after methylprednisolone 
pulse therapy were quite different: some works reported 
eicosanoid biosynthesis inhibition by glucocorticoids [8] 
but several studies showed that glucocorticoids failed to 
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inhibit neutrophil LTB 4 production [9, 10]. Nevertheless, 
the effect of antiinflammatory drug treatments are usually 
associated with inhibition of neutrophil chemotactic 
activity [11, 12] which was found to be related to a 
decreased capacity of PMNs to generate LTB4. We thus 
investigated the 5-1ipoxygenase pathway (5-LO) before 
(DO) and 24h after (D1) antiinflammatory therapy 
through biosynthesis, from endogenous sources, of 
other arachidonic acid metabolites with a hydroxyl 
function at carbon 5 of the molecule: lipoxins (LXS) 
and 5,15-dihydroxyeicosatetraenoic acid (5,15-diHETE). 
The physiological effects of the conjugated diene 5,15- 
diHETE have yet to be determined [13], although its 
precursor 15-hydroxyeicosatetraenoic acid (15-HETE) 
was described to have minor antiinflammatory 
properties in colitis [14]. However, conjugated tetraene 
LXS, particularly LXA4, were reported to act as 
immunoregulators through their action on 02 ° produc- 
tion, chemotaxis and cellular adhesion [15]. The aim of 
the present study was thus to determine whether LXS and 
5,15-diHETE, produced ex  vivo by PMN, are inflam- 
matory state biomarkers that are more specific than LTB4 
and whether they are related to clinical improvement of 
patients after treatment. 

Materials and methods 

Reagents  

5,15-diHETE, purchased from Euromedex (Strasbourg, France) 
were from Cascade (Reading, UK). Ionophore A23187 was from 
Sigma Chemical Co. (St Louis, MO, USA). The solvents were 
HPLC grade (Carlo Erba). Culture material, phosphate buffer 
saline (PBS) with CaC12 and MgC12 came from Flow Laboratories 
(France). Lipoxins were a generous gift from Dr. C. Picket (Merck 
Frosst Research Laboratory, Pointe-Claire Dorval, Canada). 

Subject  selection 

9 patients (mean ages 50.6 + 11.2) with active rheumatoid arthritis 
(RA) according to American College of Rheumathology criteria, 
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without peripheral blood eosinophilia, were studied. They received 
neither glucocorticoid and methotrexate injection for 3 months 
before the study, nor non steroidal antiinflammatory drug (NSAID) 
treatment. Arachidonic acid (AA) metabolites released by PMN were 
analyzed before (DO) and 24h after (D1) intravenously injected 
methyl prednisolone (250 mg for 4 patients) or after intramuscularly 
injected MTX (10mg for the other 5 patients). The patients were 
recalled 3 months later (D90) to evaluate clinical improvement 
(reduction of nocturnal awakenings, of morning stiffness duration, of 
painful joint number and of Ritche score). Simultaneously 7 healthy 
subjects (HS, mean ages 37.2 4- 6.5), who have not received aspirin 
for at least one week, were studied to test whether eventual daily 
variation was observed when the eicosanoid biosynthesis by PMN 
was evaluated from one day to another. 

Human P M N  isolation 

Blood cell analysis routinely carried out showed the same PMN/ 
platelet ratio before or after treatment. Cells were isolated and 
purified from heparinized blood by centrifugation of samples over 
discontinuous Percoll gradient as previously described [6]. Briefly a 
5 ml volume of 63 % percoll solution in 0.15 M NaC1 was layered over 
5 ml of 72% percoll solution. Whole blood was then layered Qver 
percoU gradient and the tubes were spun at 400 g for 20 min at'20 °C. 
The upper layer constituted mononuclear cells and platelets. The 
PMN were recovered in the intermediary layer between the 
mononuclear cells and the 72% percoll solution. Purity of the 
PMN suspension was evaluated by microscope observation of 
the cells after cytocentrifugation and May Griinwald staining. The 
preparations, at least 95% purity, were greater than 85% viability, 
before and after glucocorticoid or methotrexate injection, as 
measured by trypan blue exclusion. 

Stimulation procedures 

Isolated PMN were resuspended in phosphate buffer saline (PBS) 
(pH 7.4) with Ca++/Mg ++ (final concentrations 2.10-3M and 0.5. 
10-3M respectively). The cell concentration was adjusted to 
107cells/ml. Eicosanoids were released into the incubation 
medium after ionophore A23187 stimulation (final concentration 
5.10 -6 M) for 5rain at 37 °C, as previously described [16]. After cell 
suspension cooling at 0 °C, the reaction was stopped by addition of 
the same volume of cold methanol and the samples were stored at 
-20 °C until reverse-phase HPLC analysis (RP-HPLC). 

Eicosanoid identification and quantification 

Before analysis the samples were centrifuged to pellet the proteins 
denatured by methanol and aliquots of the supernatants were 
directly injected onto RP-HPLC (Waters apparatus, model 510 
pump, U6K injector) without any purification. The eicosanoids 
were resolved on a 100 RP-18 column (Merck) by isocratic elution 
with the methanol/water/acetic acid 65/35/0.1 (v/v/v) solvent 
mixture, at a flow rate of 0.5ml/min for 15rain and then at 1 ml/ 
min. 5,15-diHETE and LXS were simultaneously detected at 246 
and 302nm respectively (Waters programmable mnltiwavelength 
detector model 490). They were identified by comparing their 
retention times and UV spectra recorded in the stop-flow mode with 
those of synthetic reference products and quantitated by measuring 
the areas under the respective peaks as described elsewhere [17]. 

Results 

The 5-LO activity o f  h u m a n  P M N  was investigated via 
eicosanoid biosynthesis under  st imulation by Ca ++ 

ionophore  A23187 for 5min,  the day before (DO) and 
the day after therapy (D1). Besides LTB4, 20-hydroxy- 
LTB4, 6-trans-LTB4 and 12-epi-6-trans-LTB4 as 
previously reported [6], P M N  f rom patients with R A  
were able to release 5 ,15-diHETE and LXS into the 
culture medium (Table 1), wi thout  any addit ion o f  
exogenous 15-HETE and without  intermediate forma-  
t ion o f  15-HETE (data not  shown). High amounts  o f  
5 ,15-diHETE and substantial amounts  of  LXS were thus 
biosynthesized f rom the endogenous arachidonic acid 
pool at DO, except in one subject ($8). However,  the 
therapies suppressed the capacity o f  P M N  to bio- 
synthesize these eicosanoids, except in cells f rom two 
patients ($8 and $9) (Table 1). Individual variations were 
observed between patients, but  there was still a linear 
relationship between the LXS and 5 ,15-diHETE produc-  
t ion with a correlat ion coefficient value o f  0.908 (Fig. 1). 
The clinical state o f  the patients three months  later was 
reported in the Table 1 and no long term clinical 
improvement  was observed except in the case o f  the 
patients $8 and $9. As reported in the Table 1 P M N  f rom 
HS did no t  release detectable amounts  o f  LXS and 5,15- 
d iHETE.  

Discussion 

LXS biosynthesis requires either the addition of  exogenous 
substrate to incubated human  cells or tissues [18, 19, 20] or  
transcellular metabolism between two different cell types 
[21, 22, 23]. Product ion of  LXS and 5,15-diHETE by 
isolated human  P M N  was first reported by Serhan et al. 
[24] in cells f rom healthy subjects incubated in the presence 
o f  15-HETE. 5,15-diHETE is obtained by 5-LO dioxy- 
genation of  15-HETE whereas LXS are the result o f  
opening of  the intermediate epoxytetraene 15-hydroxy 
LTA4 produced f rom LTA4 synthase activity o f  5-LO. The 
present study demonstrates for the first time simultaneous 
product ion of  LXS and 5,15-diHETE ex  vivo by P M N  
from patients with inflammatory disease only, and in the 
absence of  exogenous 15-HETE. The cells did not  generate 

Table 1. LXS and 5,15-diHETE biosynthesized in vitro by PMN 
from patients with RA, at DO and D1 and clinical state of patients 3 
months later (D90). The results are expressed as ng/107 PMN (ND: 
non-detectable levels). Clinical improvement, expressed as + + +, 
was assessed by less than 50% reduction in number of nocturnal 
awakenings, morning stiffness duration, painful joint number and 
Ritchie score at D90. 

Subjects 

5,15-diHETE LXS Clinical 
improvement 

DO D1 DO D1 D90 

S1 60 ND 1.0 ND - 
$2 48 ND 5.0 ND - 
$3 152 ND 6.0 ND 
$4 263 ND 14.3 ND - 
$5 180 ND 7.2 ND - 
$6 90 ND 5.0 ND - 
$7 130 ND 7.1 ND - 
$8 ND 112 ND 5.0 + + +  
$9 263 404 14.3 20.9 + + + 
HS (n = 7) ND ND ND ND 
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Fig. 1. Linear relationship between the LXS and 5,15-diHETE 
generation by PMN from patients with RA. Data are expressed as 
ng/107 PMN. 

detectable amounts  o f  12-HETE, 15-HETE nor  LTC 4 
(data not  shown). So the nature and the levels of  the 
products  cannot  be interpreted as the result of  a cellular 
cooperat ion between contaminat ing platelets and neutro- 
phils [25]. The eicosanoid biosynthesis was studied under 
the same experimental conditions in a group of  7 healthy 
subjects to demonstrate  that  the effects observed in P M N  
from R A  after treatment were not  due to a simple daily 
variation in cellular responsiveness or preparation. These 
results revealed that  P M N  5-LO from R A  subjects had a 
special activation state. This indicated in vivo priming by 
the surrounding cells, such as monocytes  or endothelial 
cells, thus allowing P M N  to directly biosynthesize 
conjugated diene and tetraene containing eicosanoids 
from endogenous arachidonic acid, without  any exo- 
genous precursor supply. Al though LTB4 product ion by 
P M N  at D1 [6, 7] was decreased by anti inflammatory 
treatments, LXS and 5,15-diHETE biosynthesis was 
completely inhibited, except in two patients. P M N  were 
therefore unable to produce LXS and 5,15-diHETE as 
expected considering the described inhibitory effect of  
ant i inflammatory drugs on 5-LO activity. Moreover ,  this 
result was no t  dependent on the nature of  the admini- 
strated drugs. However,  for two patients, this product ion 
was enhanced after therapy at D 1 but a simultaneous long 
term clinical improvement  may be observed at D90, in 
contrast  to the other patients. In  addition to the character 
of  early biomarkers, LXS and 5,15-diHETE could be of  
interest for choosing and evaluating long-term therapy. 
Fur ther  studies with a higher number  of  patients are 
required to determine the pathophysiological  significance 
of  5,15-diHETE and LXS biosynthesis. 
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