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Procalcitonin Is Not Produced by Circulating Blood Cells 

Summary: A large number of clinical studies has described procalcitonin (ProCT) as a 
marker of bacterial infection and a good predictor of disease severity and antibiotherapy 
efficacy. Nevertheless, the mechanism of  ProCT synthesis remains unclear. The aim of this 
study was to demonstrate potential ProCT production by peripheral blood mononuclear 
cells as is the case for cytokines involved in sepsis. In a whole blood model, LPS (10 p~g/ml) 
stimulation on blood samples from healthy volunteers (n -- 14) was tested. Early (TNF-u 
and ILl-J3) and late (IL-6 and IL-8) cytokines were produced in large amounts in contrast 
to the absence of ProCT. Additional experiments with nitric oxide or detection of intra-cel- 
lular ProCT (cell lysis, flow cytometry) had negative results. It was concluded that ProCT 
is not produced in this model. Data are still needed to investigate the cellular origin of 
ProCT in order to better define its clinical usefulness. 

Introduction 

Since the first description of high serum procalcitonin 
(ProCT) concentrations in patients with sepsis [1], a large 
number  of clinical studies has confirmed ProCT as a spe- 
cific marker  of bacterial infection and a good predictor of 
disease severity and antibiotherapy efficacy [references in 
2]. Nevertheless,  the cellular origin and the mechanism of 
ProCT release into the blood are not yet documented.  
P roCT synthesis seems to be closely dependent  on the cy- 
tokines tumor  necrosis factor (TNF) and interleukin (IL)- 
6, which are considered as early markers  of bacterial inva- 
sion and are produced mainly by circulating blood cells 
[3-4]. This prompts  us to examine whether  peripheral  
blood mononuclear  cells (PBMC) could be a potential  
source for ProCT synthesis. In order to investigate this hy- 
pothesis, we used the whole blood (WB) model initially 
described by D e  Groote  and colleagues [5]. 

Materials and Methods 

Cellpreparation: Blood samples from 14 healthy volunteers from 
our laboratory were collected into heparinized tubes (Endotube 
ET, Chromogenix AB, Sweden). WB was diluted 1/10 in RPMI 
1640 (GIBCO BRL, Scotland) complemented with glutamine 
2 mM. Lipopolysaccharide (LPS, Salmonella enteritidis, Sigma, 
USA) was added at a final concentration of 10 Ixg/ml. Sodium ni- 
troprussiate (NITRIATE, Larguenon Int., France) was added at 
a final concentration of 10 -5, 10 -6 and 10 -7 M. Plates were incu- 
bated at 37~ in a 5% CO 2 atmosphere. For each sample, a WB 
aliquot was incubated in RPMI only as a negative control. Cell 
viability assessed using the blue trypan exclusion method gave 
results for all of more than 90%. 
Cytokines and ProCT assays: After a 24-h and 48-h incubation, 
WB samples were centrifuged (1,500 rpm, 10 min) and super- 
natants were immediately stored at -80~ until cytokine and 
ProCT measurement. TNF-a and IL-8 were quantified using 
Medgenix EASIA kits (Biosource, Belgium); IL-6 and ILl-13 
with lmmunotech kits (Immunotech, France) and ProCT with an 
immunoluminometric assay (B.R.A.H.M.S. Diagnostica, Ger- 

many). Furthermore, after centrifugation cells were resuspended 
in 0.5 ml of the wash solution used for ProCT measurement and 
then lysed (three cycles of freezing/thawing/sonication) to re- 
lease potential trapped intra-cellular ProCT. 
Flow cytometry: Brefeldin A (final concentration: 50 p~g/l, Sigma) 
was added 4 h before the end of incubation to block protein 
transport in the Golgi apparatus [6]. After incubation, leukocytes 
were stained with PC5-conjugated anti-human CD45 (Im- 
munotech). The Intraprep kit (Coulter, USA) was then used for 
cell fixation and permeabilization. Intracellular ProCT was 
stained with FITC-conjugated anti-human calcitonin and kata- 
calcin (gift from Dr. Struck, B.R.A.H.M.S.). Samples were 
analysed on a Coulter EPICS XL flow cytometer. Negative con- 
trois (without LPS) were used to define a threshold (about the 
first decade on a log scale) between positive signals and non-spe- 
cific fluorescence. 

Results and Discussion 

The aim of our work was to demonstra te  potential  ProCT 
production by PBMC, as is the case for cytokines involved 
in sepsis. We therefore used a whole blood model known 
to be a good reflection of pro- inf lammatory cytokine re- 
sponse [5, 7]. Cell stimulation was obtained by using LPS 
only, to provide conditions similar to sepsis. The impor- 
tance of cytokine release illustrates the validity of the 
model; as shown in Table 1, early (ILl-J3 and TNF-a )  and 
late eytokines (IL-6 and IL-8) were produced in large 
amounts  in contrast  to the absence of ProCT in super- 
natants. 
Several reasons could explain this negative result. First, we 
tested the effect of a longer incubation time; in five addi- 
tional experiments,  ProCT results in supernatants  re- 
mained negative after a 48-h stimulation. Another  hy- 
pothesis is that a media tor  was missing in this model.  

Received: 6 July 1998/Revision accepted: 24 September 1998 
G. Monneret, B. Laroche, J. Bienvenu, Ph.D., Immunology Laboratory, 
Centre Hospitalier Lyon-Sud, F-69495 Picrre-B6nite cedex, France. 

3 8 / 3 4  Infection 27 (1999) No. 1 �9 MMV Mcdien & Medizin VerlagsGmbH M/inchen 1999 



G. Monneret et al.: Procalcitonin Synthesis 

Table 1 : Procalcitonin (ProCT) and cytokines values in supernatants after LPS stimulation (initial protocol: 24 h incubation, mean 
+ SEM) and results of additional experiments. 

Negative control 8 
LPS 8 

Additional experiments 

LPS / 48 h incubation 5 

LPS + sodium nitroprussiate 5 
(24 h incubation) 

LPS / cell lysate 6 
(24 h incubation) 

LPS / Flow cytometry + brefeldin A 5 
(24 h incubation) 

<0.1 <3 <2 <4  <1 
< 0.1 6,340 _+ 250 3,520 + 380 12,300 -e 550 2,480 + 510 

<0.1 

<0.1 

<0.1 

No significant intra-ccllular fluorescence 

Mainly p roduced  by endothel ial  cells, nitric oxide (NO)  is 
involved in septic shock. Fur thermore ,  nitri te/nitrate (NO 
terminal  metabol i tes)  correlates with severity or  P r o C T  
levels in sepsis [8]. We therefore  studied the effect of  a N O  
d o n o r  (sodium nitroprussiate)  at different  concent ra t ions  
with LPS, but all P r o C T  values remained  below the detec-  
tion limit of  the test. We  also considered that  P r o C T  could 
be t rapped  in the ceils. Nevertheless,  P r o C T  measu remen t  
after cell lysis showed negative results. Finally, even when 
we measured  cytokine levels as high as 103 and 104 pg/ml, 
the absence of  P r o C T  could be due to a simple analytical 
p rob lem of  the detect ion limit of  the assay (about  102 
pg/ml). Brefeldin A is used for  intracellular cytokine de- 
tection by flow cy tomet ry  to stop prote in  t ranspor t  in the 
Golgi  apparatus.  This is a means  to increase a low fluores- 
cence signal in cases where  there is a small amoun t  of  pro- 
tein, as for Th2 cytokines  such as IL4 or  IL5 [7]. In this 
context ,  we also investigated the value of  intra-cellular 
P r o C T  using brefeldin A in flow cy tomet ry  experiments .  
As  previously,  we have been unable  to detect  any ProCT.  
Taken  together ,  these data  allow the conclusion that 
P r o C T  is not  p roduced  in this model .  Even  if this is not  a 
definitive exper iment  and if a potent ia l  P r o C T  synthesis 
by P B M C  remains  possible, we do not  believe that this 
could be the main mechanism/si te  of  P r o C T  product ion.  
Addi t iona l  data are still needed  to investigate the cellular 
origin of  P r o C T  in o rder  to bet ter  define its clinical use- 
fulness. 
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