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Elevated soluble IL-7 receptor 
concentration in non-survivor ICU patients
Estelle Peronnet1* , Julie Mouillaux1, Guillaume Monneret1,2, Emmanuelle Gallet-Gorius1, Sophie Blein-Henry1, 

Alain Lepape3, Julien Textoris1, Fabienne Venet1,2 and the MIP Réa Study Group
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Dear Editor,

Patients admitted to intensive care units (ICU) are 

prone to immunosuppression, the intensity and dura-

tion of which are associated with deleterious outcomes 

[1]. Currently, therapy such as IL-7 is being tested 

(NCT02640807) with the intention of restoring immune 

functions. In this context, and to follow up on a previ-

ous study in septic shock patients published in Intensive 

Care Medicine [2], we further investigated the prognostic 

value of the soluble form of IL-7 receptor alpha chain (or 

sCD127) in ICU patients. We confirmed and extended 

our previous results to ICU patients with systemic 

inflammatory response syndrome, presenting with vari-

ous severity levels.

To this end, we measured sCD127 plasmatic con-

centration with a standardized and robust ELISA assay 

(Method  1 in the electronic supplementary mate-

rial), in a cohort of 734 ICU patients [3]. This study 

was approved by our ethical institutional review board 

(IRB#5044). Clinical data are described in Tables  1 

and 2 of the electronic supplementary material. EDTA 

plasma samples were collected at days 1, 3, and 6 after 

ICU admission. Sixty-seven healthy volunteers were 

used as controls.

Importantly, as previously observed in septic shock 

patients [2], the concentration of plasmatic sCD127 was 

lower in ICU patients compared to healthy volunteers 

(Fig. 1a). Interestingly, we observed significantly higher 

sCD127 concentration in non-survivor ICU patients 

compared to survivors (Fig. 1b), similarly to our study in 

septic shock patients [2]. Moreover, a significant associ-

ation was observed between high sCD127 plasmatic lev-

els at day 1 and mortality at day 7 [Cox model HR 1.01 

(1.01–1.02), p < 0.001]. The association was also signifi-

cant between sCD127 levels at day  3 and mortality at 

day 28 [Cox model HR 1.01 (1.01–1.02), p < 0.001].

As sCD127 is mainly expressed by T cells [4], we won-

dered whether sCD127 concentration may be correlated 

with circulating T cell number and therefore whether 

decreased sCD127 level in ICU patients may reflect ICU-

induced lymphopenia. However, as we did not observe 

any correlation between sCD127 concentration in ICU 

patients and lymphocyte count (Spearman correlation 

r = −0.14 at day 1), this suggests that sCD127 concentra-

tion regulation in patients is more complex than a simple 

shedding from T lymphocytes. This is all the more since 

non-survivor ICU patients exhibit higher sCD127 con-

centration than survivors, despite a lower lymphocyte 

count.

Overall, the present study confirms the association 

between increased sCD127 concentration and mor-

tality in a large cohort of mixed ICU patients. These 

results suggest that sCD127 measurement could help 

identify the most severe patients, who may benefit from 

immunostimulating therapies such as IL-7. In addition, 

mechanisms of sCD127 concentration regulation in 

ICU patients appear to be complex and deserve further 

investigation, especially since sCD127 has been shown 

to be able to bind to its ligand and therefore might mod-

ify response to IL-7 treatment. It is thus of the utmost 

importance to further explore and understand CD127 

expression regulation in critical conditions, as well as its 
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role in response to IL-7 administration. This would likely 

improve any treatment based on recombinant human 

IL-7 in immunocompromised ICU patients.
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Fig. 1 a sCD127 plasmatic concentration in ICU patients. sCD127 was measured in healthy volunteers (HV, n = 67) and in ICU patients at day 1 

(n = 734), day 3 (n = 525), and day 6 (n = 400) after ICU admission. Median (interquartile range) sCD127 concentration was 55 (42–57) ng/mL for 

healthy volunteers, and 38 (26–55), 34 (23–50), and 32 (23–45) ng/mL for ICU patients at day 1, day 3, and day 6 after admission, respectively.  

b sCD127 concentrations measured at admission were compared between survivors at day 7 (S - D7, n = 623) and non-survivors (NS - D7, n = 111). 

sCD127 concentrations measured at day 3 after admission were compared between survivors at day 28 (S - D28, n = 404) and non-survivors  

(NS - D28, n = 121). Non-parametric Mann–Whitney test was used to compare sCD127 concentrations between groups
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In several clinical contexts, themeasurement of ATP concentration in T lymphocytes has been proposed as a bio-

marker of immune status, predictive of secondary infections. However, theuse of such biomarker in lymphopenic

patients requires some adaptations in the ATP dosage protocol. We used blood from healthy volunteers to deter-

mine the optimal experimental settings. We investigated technical aspects such as the type of anticoagulant for

blood sampling, the effect of freeze and thaw cycles, the reagent and sample mixing sequence, and the optimal

dilution buffer. We also shortened the incubation time to 8 h, and even showed that a 30 min incubation may

be sufficient. To evaluate the ATP rise upon lymphocyte activation, the optimal dose of stimulant was defined

to be 4 μg/mL of phytohaemagglutinin. Lastly, we determined that the number of T cells needed for thismeasure-

mentwas as low as 50,000,which is compatiblewith the existing lymphopenia in clinical settings. This optimized

protocol appears ready to be assessed in lymphopenic patients to further investigate the interconnection be-

tween T lymphocyte metabolism and impaired phenotype and functions.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Warburg described 60 years ago metabolic disturbances in cancer
cells (Warburg, 1956). Over the past decades, the central role of cellular
metabolism in cell and organ function has become progressively under-
stood, particularly in immune cells (Buck et al., 2015). Metabolic profile
seems to underlie the polarization (Gerriets and Rathmell, 2012; Jha et
al., 2015) and the level of activation (Delgoffe and Powell, 2015) of these
cells.

T lymphocytes play a central role in the immune response to any
type of aggression. Interestingly, preferred metabolic pathways for en-
ergy production and biosynthesis of cellular elements differ between
naive, activated, and memory T cells (MacIver et al., 2013). Indeed,

their effector functions are sustained by a potent activation of theirmet-
abolic machinery (Maciolek et al., 2014; Pearce et al., 2013). Conse-
quently, a measurement of T cells metabolic profile could be a
surrogate marker of lymphocyte function and global immune
competence.

Adenosin-5′-tri-phosphate (ATP) is one of themost important ener-
getic substrates. The high amount of energy needed to cover effector
functions of activated T lymphocytes is supplied by an important up-
regulation of the cell metabolic machinery, which can be approached
by the measurement of intracellular ATP concentration. In solid organ
transplantation, intra-lymphocyte ATP concentration is associated
with adverse events, from acute rejection to opportunistic infections
(He et al., 2013; Kobashigawa et al., 2010; Kowalski et al., 2003, 2006).

Lymphopenia is common among hospitalized patients, especially in
the intensive care unit (Castelino et al., 1997; Grossbard et al., 1984),
and is associated with higher mortality (Drewry et al., 2014;
Heffernan et al., 2012; Vulliamy et al., 2015) and higher risk of infection
(Drewry et al., 2014; Felmet et al., 2005; Gouel-Chéron et al., 2012;
Rajan and Sleigh, 1997). Moreover, the small amount of blood sampled
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for laboratory tests limits the quantity of lymphocytes available for ATP
measurement. We thus decided to adapt the protocol for ATPmeasure-
ments in lymphocytes to these constraints.

2. Materials and methods

2.1. Patient population and ethical concerns

Blood from healthy donors (n = 12) was provided by the French
blood bank institution (“Etablissement Français du Sang”). All donors
gave their explicit written consent for the use of their blood for biomed-
ical research purposes, according to local legislation. Blood samples
were collected in EDTA or heparinized tubes, anonymized upon dona-
tion, and sent to the laboratory at room temperature, to be processed
on the same day.

2.2. T cell purification from whole blood

Antibody-based negative selectionwas used to purify T lymphocytes
from healthy donors' whole blood according to manufacturer's instruc-
tions. A human T cell enrichment antibody cocktail (RosetteSep™,
StemCell Technologies, Grenoble, France) was added to the blood sam-
ple. This antibody cocktail contains a mix of anti-CD16 (present on NK
cells, monocytes, macrophages and neutrophils), anti-CD19 (B lympho-
cytes), anti-CD36 (platelets, red blood cells, monocytes), anti-CD56 (NK
cells), and anti-CD66b (granulocytes) antibodies. After a 10-min period
of incubation, the mix was diluted with an equal volume of DPBS 1X
(Dulbecco's Phosphate Buffered Saline 1X, Gibco Life Technologies-
Thermo Fisher Scientific, Waltham, MA, USA), then carefully layered
over a density gradient medium (Ficoll-Paque PLUS, GE Healthcare, Lit-
tle Chalfon, UK) in specially designed tubes with insert (SepMate™
tubes, StemCell Technologies).

The tubeswere centrifuged at 1200g for 10min at room temperature
(RT), leading to the isolation of a ring enriched with T lymphocytes lo-
calized in the plasma-Ficoll interface, which was collected by pipetting.
Residual red blood cells were lysed with Versalyse™ (Beckman Coulter,
Brea, CA, USA).

2.3. Cell count and purity verification after purification procedure

At the end of the purification process, cells were countedwith a flow
cytometer (Navios, Beckman Coulter) using LDS (LDS 751, Molecular
Probes, Life Technologies, Carlsbad, CA, USA) and calibration beads
(Flow-Count™ Fluorospheres, Beckman Coulter), which concentration
is known.

Quality of T cell purification was systematically controlled. Purified
cells were labeled with an anti-human CD3-Pacific Blue antibody
(IOTest®, Beckman Coulter) and LDS. Sample was then processed in a
flow cytometer (Navios, Beckman Coulter), and double positive
(CD3+/LDS+) cells were gated. The mean sample purity was 93.6 ±
3.5% of T lymphocytes.

2.4. Ex vivo culture and stimulation

Purified T cells were diluted in RPMI (Roswell Park Memorial Insti-
tute) complete medium to achieve a concentration of 1.106 cells/mL.
RPMI complete medium is a RPMI 1640 medium (Eurobio, Les Ulis,
France), supplemented with 10% human AB serum (Life Technologies),
200 μg/mL amphotericin B (Gibco), 1000 IU/mL penicillin (Eurobio),
1000 μg/mL streptomycin (Eurobio), and 200 mM L-glutamine
(Eurobio).

The obtained cellular solutionwas then distributed into twowells of
a low-binding Costar® 24-wells cell culture plate (Corning®, Corning,
NY, USA). One well was added with PHA (phytohaemagglutinin,
Remel-Oxoid, Dardilly, France) at concentrations ranging from 0.2 to
4 μg/mL, or with anti-CD2/CD3/CD28 antibody-coated beads (T cell

activation/expansion kit, Miltenyi Biotec, Bergisch Gladbach, Germany)
at concentrations ranging from 0.5 to 2 beads per cell, to represent the
stimulated condition, while the other well represented the
unstimulated condition. Finally, the cell culture plate was incubated in
standard conditions (37 °C, 5% CO2) for a duration ranging from 0.5 to
24 h.

Every cell culture experiments presented in this study were per-
formed on freshly purified cells. The effect of a freeze and thaw cycle
on T cell capacity to produce ATP has never been evaluated in this study.

2.5. ATP quantitative determination

After incubation, cells were aliquoted to different cell numbers
(ranging from 25,000 to 100,000), then lysed (IP lysis buffer, Pierce,
Thermo Fisher Scientific). An ATP determination kit (Molecular Probes,
Invitrogen, Carlsbad, CA, USA) based on a bioluminescent method was
used for measurement of intra-lymphocyte ATP concentration. In the
presence of ATP, firefly luciferase catalyzes the conversion of its sub-
strate D-luciferin into oxyluciferin, producing light in an ATP-propor-
tional manner, as shown in the reaction equation below.

luciferinþ ATPþ O2→
Mg2þ

luciferase

oxyluciferinþ AMPþ
pyrophosphateþ CO2 þ light

A reaction mix prepared according to manufacturer's instructions
was mixed with the samples. The emitted light was measured with a
spectrophotometer (Victor™ X4 Multilabel Plate Reader, Perkin Elmer,
Waltham, MA, USA) at a wavelength of 560 nm for 1 s. Samples and
standard curves were always processed in duplicates. Means of dupli-
cates were used to calculate ATP concentration in samples and stan-
dards. The mean measured luminescence of the blank, corresponding
to the background luminescence, was subtracted to all measurements.
ATP concentrations were calculated from the standard curve (ranging
from 0 to 1000 nM of ATP), generated from the ATP standard according
to manufacturer's instructions.

2.6. Results analysis

Unless specified, results are expressed asmeans of the duplicates for
each donor or points of the standard curves. Statistical analysis was per-
formed with R Studio® software (RStudio Inc., Boston, MA, USA). Com-
parisons between groups used non parametric tests, such as Wilcoxon,
Kruskal-Wallis and post-hoc Nemenyi tests, when appropriate. Paired
tests were performed for matched data. Repeated measures ANOVA
test was used to investigate buffer effect across time. Differences with
p-values lower than 0.05 were considered significant.

3. Results

3.1. Effect of blood anticoagulant and sample stability

3.1.1. EDTA vs heparinized tubes

We initially investigated whether the use of EDTA or heparinized
blood sample could significantly influence the result, by activating
cells or by interfering with one reagent. We compared T cell response
of two healthy donors – one sample in EDTA tube and another in hepa-
rinized tube for each donor. T cells were purified separately and stimu-
lated or not with PHA for 24 h. For each conditions, T cells were
aliquoted with four different cell numbers – 25,000, 50,000, 75,000
and 100,000. Although these results need to be confirmed on additional
samples,Wilcoxon signed rank test showedno significant difference be-
tween the two anticoagulants, neither in unstimulated (p=0.469) nor
in stimulated (p = 0.109) samples (Fig. 1). To note, none of the other
experiments presented thereafter were performed on heparinized
tubes.
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3.1.2. Sample stability after a freeze and thaw cycle

We studied the influence of a freeze and thaw cycle to evaluate sta-
bility of ATP concentration during the process. After fresh T cells from 7
healthy volunteers were incubated with or without PHA stimulation,
the obtained cell lysateswere stored or not at−20 °C before ATPdosage
to follow this protocol. We observed no significant difference in mea-
surements of ATP concentration between frozen and non-frozen T cell
samples (Fig. 2). Moreover, the statistically significant difference be-
tween ATP levels in stimulated and unstimulated T cells was preserved
after this freeze and thaw cycle. Storage of the cell lysate (obtained after
the whole experiment process) at −20 °C had no impact on the ATP
concentration.

3.2. Repeatability and signal optimization

3.2.1. Reagent-sample sequence

The bioluminescent reaction between ATP contained in the samples
and the luciferin-luciferase complex from the reaction mix starts

immediately upon contact between reagents and samples. The fastest
the protocol and the measurement are performed, the more intense
the signal should be, thus providing more precise results. Using dilu-
tions from standard curve contained in the kit, we tested two proce-
dures – putting the reagent first in the wells and then adding the
samples, or putting the samplesfirst in thewells and adding the reagent
next. Our results show that the secondmethod provides a higher signal
(Fig. 3).

3.2.2. Optimal buffer and reaction time

According to manufacturer's instructions, ATP standard solutions
should be diluted in distilledwater, whereas T cell samples are obtained
and stored in lysis buffer. We performed four standard curves to test
sample stability in both diluents and optimal reaction time after adding
reagents. We observed that the obtained bioluminescence intensity for
the highest point of the standard curve decreased while the incubation
time increased. However, the decrease was slower when samples were
diluted in lysis buffer than in distilled water. Moreover, the obtained
bioluminescence was significantly higher in lysis buffer than in distilled

Fig. 1. Effect of blood anticoagulant on ATP concentration in purified T cells. T cells were purified from two healthy donors. For each donor, whole blood samples were collected on EDTA

tubes (open circles) andheparinized tubes (black circles). T cellswere left unstimulated (A) or stimulatedwith 4 μg/mL PHA (B), and incubated for 24 h at 37 °C, 5% CO2. Different numbers

of cells were used tomeasure ATP concentrations (25,000 to 100,000 cells). Sampleswere processed in duplicates; each point represents themean of the duplicates corresponding to each

donor.

Fig. 2. Effect of freeze and thaw cycle on ATP concentration in purified T cells. T cells were purified from seven healthy donors. After 24 h incubation with 4 μg/mL PHA (grey boxes) or

without (NS, white boxes), ATP levels were measured in duplicates in samples containing 50,000 T cells before and after freezing of the obtained cell lysate. Wilcoxon signed-rank

tests were used to compare results between freezing conditions and between stimulated and unstimulated samples. Data are presented as Tukey boxplots. Bottom and top of the box

represent the first and third quartiles, respectively. The horizontal bar in the box represents the median value. Lower and higher extremities of the whiskers respectively represent the

lowest datum still within 1.5 inter-quartile ratio (IQR) of the lower quartile, and the highest datum still within 1.5 IQR of the upper quartile.
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water (p b 1.10−7). Variabilitywas also lowerwhen sampleswere dilut-
ed in lysis buffer (Fig. 4). Similar patterns were observed for the other
points of the standard curve (data not shown). Therefore, for an opti-
mized measure, it should be recommended to dilute standard solutions
in lysis buffer and to systematically incubate only 3 min with the reac-
tion mix solution before measuring bioluminescence.

3.3. Optimized experimental settings

3.3.1. Minimal cell number

We determined the minimal necessary cell number required to be
able to detect a difference in ATP concentrations while performing the
measure in stimulated and unstimulated T cells. We tested four T cell
numbers – 25,000, 50,000, 75,000 and 100,000. T cells were purified

from eight healthy donor's blood and stimulated or not with 4 μg/mL
PHA. As expected, T cell activation by PHA led to a significant increase
in ATP concentration in a cell number dependent manner (Fig. 5). We
observed that 25,000 T cells generated an, although detectable, very
weak signal. Fifty thousand T cells produced a higher bioluminescence
and were enough to highlight statistically different ATP concentrations
between stimulated and unstimulated samples. Higher cell numbers
did not result in enhanced difference between stimulated and
unstimulated conditions, neither in lower variability.

3.3.2. Influence of the dose of stimulant

We tested different concentrations of PHA (0.2, 0.4 and 4 μg/mL) on
T cells from five healthy volunteer's blood to evaluate any stimulant
dose-response. After 24 h incubation, we calculated the ratio for each

Fig. 3.Effect of reagent order onATP concentrationmeasurement. Twoprocedureswere tested to get thehigher signal for the standard curves during the bioluminescent assay: the reagent

solution dropped first in well followed by the sample (open circles), and the samples dropped first in well followed by the reagent solution (black circles). Samples containing various

concentrations of standard ATP (0 to 1000 nM) were measured in duplicates for luciferin/luciferase-induced bioluminescence (in counts per second – cps). Each procedure was tested

3 times. Points represent the median of the 3 measures, error bars represent standard deviations.

Fig. 4. Effect of diluent and reaction time on ATP concentrationmeasurement. Samples containing standard ATP 1000 nMweremeasured for luciferin/luciferase-induced bioluminescence

(in counts per second – cps), when diluted in IP buffer (white boxes) or in distilled water (grey boxes) at different incubation times: 3, 5, 8, 12, 15, 20 and 25 min. Repeated measures

ANOVA test was used to analyze the effect of diluent on ATP concentration measurement at the different incubation times. Data from 4 replicates are presented as Tukey boxplots.

Bottom and top of the box represent the first and third quartiles, respectively. The horizontal bar in the box represents the median value. Lower and higher extremities of the whiskers

respectively represent the lowest datum still within 1.5 IQR of the lower quartile, and the highest datum still within 1.5 IQR of the upper quartile. Similar pattern were observed for

other ATP concentrations samples (data not shown).
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dose between ATP concentration in stimulated and unstimulated cells.
We observed a limited effect of the stimulant at low doses (0.2 and
0.4 μg/mL), but a more important effect at 4 μg/mL of PHA (p = 0.067
versus unstimulated samples, post-hoc Nemenyi test) (Fig. 6A). These
results suggest that 4 μg/mL of PHA remains the optimal dose to activate
T cell metabolism.

We also tested a second stimulant. We chose anti-CD2/CD3/CD28
antibody-coated beads to reproduce physiological activation of T cells.
Different beads to cell ratio were tested (0.5, 1, and 2) on purified T
cells from the same five healthy volunteer's blood. After 24 h of incuba-
tion,we calculated the ratio for each dose between ATP concentration in
stimulated and unstimulated cells (Fig. 6B). Overall comparison be-
tween the different beads/cell ratios with Kruskal-Wallis test revealed
a statistically significant p-value of 0.012. Post-hoc Nemenyi test further
demonstrated that the difference between unstimulated cells and cells
stimulated with a beads/cell ratio of 2 was statistically significant
(p=0.0073). The difference between unstimulated cells and cells stim-
ulatedwith a beads/cell ratio of 1 showed a trend towards statistical sig-
nificance (p = 0.0984). To note, the rise in ATP concentration due to
stimulation was less important with beads than with PHA for a similar
number of stimulated T cells.

3.3.3. Effect of incubation duration

We initially chose 24 h as the duration of stimulation.We tested four
other time points (30min, 1 h, 3 h, and 8 h) to determinewhich incuba-
tion time enables to obtain the greatest stimulation effect. The ratio of
ATP concentrations between stimulated and unstimulated cells at the
different time points are presented on Fig. 7. We observed a similar in-
crease (around 250%) at 0.5, 1, 3, and 24 h. 8 h of incubation led to the
greatest ratio and the lowest variability. However, a significant rise in
ATP concentration could be detected as early as 30 min after
stimulation.

4. Discussion

Our results describe how an intra-lymphocyte ATP quantification
protocol can be adapted tomatch clinical constraints where patients ex-
hibit lymphopenia.

Growing evidence demonstrates the link between bioenergetics and
lymphocyte function. While effector T cells rely mostly on aerobic gly-
colysis to produce energy and biomolecules (Donnelly and Finlay,
2015), regulatory T lymphocytes depend on exogenous fatty acid oxida-
tion to support oxidative phosphorylation (Loftus and Finlay, 2016;
Michalek et al., 2011). Memory T cells have an increased mitochondrial
mass, and use both oxidative phosphorylation and aerobic glycolysis
upon re-activation, allowing their rapid recall to an already known stim-
ulus (vanderWindt et al., 2013). This balance between glucose and lipid
metabolism is driven by the AMPK-PI3K–Akt-mTOR pathway. mTOR is
predominant in activated and/or proliferative T cells, whereas AMPK
dominance leads to quiescent and regulatory T cells (Howie et al.,
2014). Thus, the differentiation and function of lymphocytes is linked
to their preferential energetic pathways (Gerriets and Rathmell,
2012). In line, markers of lymphocyte metabolic status have been pro-
posed as surrogate markers of lymphocyte functions.

Particularly, ATP synthesis by CD4+ T lymphocytes has been exten-
sively studied in thefield of solid organ transplantation, as itmay reflect
the global effect of the interaction between the combined immunosup-
pression drug regimen and the patient's immune system much better
than the plasma levels of each drug (Zeevi and Lunz, 2013). Indeed, an
accurate adaptation of immunosuppression is needed to minimize, on
the one hand the risk of infection and cancer due to over-immunosup-
pression, and on the other hand the risk of acute rejection caused by in-
sufficient immunosuppression. Lower ATP values have been associated
with infections, when higher ATP concentrations correlated with a
higher risk of graft rejection (Kowalski et al., 2006). Repeated measure-
ments of ATP production by CD4+ lymphocytes, rather than absolute
values, have been proposed to predict adverse events (Quaglia et al.,
2014). However, whether the low ATP responses measured during in-
fectious episodes reflect inadequate over-dosage of immunosuppres-
sive drugs or sepsis-induced immunosuppression remains unclear
(Bhorade et al., 2008).

Optimal ranges of immune response (expressed as ATP content in
CD4+ lymphocytes) have been proposed as a target to achieve bal-
anced immunosuppression (Kobashigawa et al., 2010; Kowalski et al.,
2006; Thai et al., 2006). A retrospective study also suggested an associ-
ation between all-cause mortality and a low CD4+ response during the

Fig. 5. Effect of cell number on ATP concentration in purified T cells. T cells were purified from eight healthy volunteers. After 24 h incubation with 4 μg/mL PHA (grey boxes) or with no

stimulant (NS, white boxes), ATP levels were measured in duplicates in samples containing various number of T cells (25,000, 50,000, 75,000 and 100,000). Wilcoxon signed-rank tests

were used to compare results between stimulated and unstimulated samples for each cell number. Data are presented as Tukey boxplots. Bottom and top of the box represent the first and

third quartiles, respectively. The horizontal bar in the box represents the median value. Lower and higher extremities of the whiskers respectively represent the lowest datum still within

1.5 IQR of the lower quartile, and the highest datum still within 1.5 IQR of the upper quartile.
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post-transplantation early follow-up (Berglund et al., 2011). Very re-
cently, in a randomized controlled trial involving liver transplant recip-
ients, patients whose tacrolimus dosage was adapted according to ATP
response had a lower 1-year mortality, and fewer long-lasting infec-
tions. Although the difference did not reach statistical significance, re-
jections where also slightly more common in this group (Ravaioli et
al., 2015). These results support the rational for the measurement of
ATP concentration in T cells as a surrogate marker of global immune
functionality. However, the use of intra-lymphocyte ATP measurement
in clinical contexts characterized by very low circulating lymphocyte
number requires several technical optimizations. This represented the
goal of the current study.

First, we demonstrated that 50,000 T cells are sufficient to highlight
an increase in intracellular ATP between stimulated and unstimulated
cells. This low amount of lymphocytes will be easy to sample from lym-
phopenic patients' blood. De facto, 50,000 T cells can be purified from
less than 300 μL of septic shock patients' whole blood in our experience.
This optimized protocol can therefore be used in clinical settings. In ad-
dition,we believe that it is important to normalize the number of cells in
whichATP content ismeasured. Indeed, the number of T cellsmay be an
independent factor of the global immune response, represented by ATP
concentration. If no cell normalization is performed, differences in ATP
content may either reflect a modification of cell metabolism, or simply
a variation in the number of ATP-producing cells.

Fig. 6. Effect of stimulant concentration on ATP concentration in purified T cells. T cells were purified from five healthy volunteers. After 24 h incubationwith various doses of PHA (0.2, 0.4

and 4 μg/mL, A) or anti-CD2/CD3/CD28 antibody-coated beads (0.5, 1, and 2 beads per cell, B), ATP levels were measured in samples containing 50,000 T cells. Samples were processed in

duplicates. Data are presented as Tukey boxplots. Bottom and top of the box represent the first and third quartiles, respectively. The horizontal bar in the box represents themedian value.

Lower and higher extremities of the whiskers respectively represent the lowest datum still within 1.5 IQR of the lower quartile, and the highest datum still within 1.5 IQR of the upper

quartile. Multiple comparisons between groups used Kruskal-Wallis test and post-hoc Nemenyi test.
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Secondly, we showed that 8 h of stimulation led to the highest ratio
of ATP concentration between stimulated and control samples, with a
minimal variability. Interestingly, the effect of PHA stimulation could
be observed after a very short culture. Indeed, a greater than 100% rise
in ATP concentration was noted as early as 30 min after stimulation. A
similar increase could also be observed at all other time points. Conse-
quently, if this result is confirmed on a bigger cohort, the assay could
be drastically shortened. This is of great interest for a future routine clin-
ical application – being able to answer quickly to clinicians would facil-
itate the spread of this technique.

Third, we believe that a positive selection of T cells might modify
their metabolism, as the binding of CD4+ coated beads to lymphocytes
may result in the activation of intra-cellular pathways. We chose a neg-
ative selection to exclude all unwanted immune cells by crosslinking it
to red blood cells with a commercially available antibody cocktail,
allowing their elimination in the pellet during the density gradient cen-
trifugation step.With this technique, the proportion of T lymphocytes in
the purified samples is almost always higher than 90% in our
experience.

We first chose PHA as the stimulant of T lymphocytes. This lectin is a
potent stimulant that activates many intra-lymphocyte signaling path-
ways (Valentine et al., 1985). This stimulation is easily available in
most immunology laboratories, justifying its choice for a technique op-
timization process. We also evaluated anti-CD2/CD3/CD28 antibody-
coated beads, which provide the two signals needed to completely acti-
vate T lymphocytes via surface receptors (Li and Kurlander, 2010). For
both stimuli, we observed a dose-dependent response in ATP concen-
tration measurement. However, ATP concentration measured after
TCR stimulation with anti-CD2/CD3/CD28 antibody-coated beads was
much lower than with PHA for a similar number of stimulated T cells.
This might be related with the capacity of each stimuli to activate T
cells within the stimulation duration used in our experiment.

Among all immunological T cell tests available, the place of ATP
quantification remains to be precisely defined. Activated T cells require
energy as well as cellular elements to proliferate, which can both be
supplied by themetabolic switch towards aerobic glycolysis. As a result,
it would be interesting to explore if intra-cellular ATP concentration

correlates with reference functional T cell testings for example markers
of T cell proliferation, such as tritiated thymidine or 5-ethynyl-
2'deoxyuridine (EdU, a DNA base analog) incorporation, or cytokine
production. One could guess that such correlation may exist, but if not,
the ATP quantification test could be useful in cases where defects in en-
ergy production and cell proliferation are decoupled.

In addition, now that this experimental procedure for ATP concen-
trationmeasurement in lymphopenic patients has been designed, feasi-
bility of the implementation of this protocol in a routine practice now
needs to be evaluated. This will include the evaluation of the perfor-
mances of this test (intra- and interoperator repeatability, limit of de-
tection and limit of quantification of the method). It would also be
interesting to evaluate the effect of cryopreservation before culture
and stimulation on cell capacity to produce ATP. This should now be
performed in a further dedicated study.

This work presents several limitations. First, it would be interesting
to test other stimulants, like PMA/ION (phorbol myristate acetate/
ionomycin), which directly activates protein kinase C and NFAT path-
ways in the cytoplasm (Chatila et al., 1989; Suzawa et al., 1983), or
OKT3 for surface receptor-dependent activation. Indeed, different path-
ways for activation could induce different patterns of bioenergetic re-
sponse. Secondly, we chose to purify total T cells. It would be
interesting to compare whether ATP content variation after stimulation
are similar between CD4+ and CD8+ lymphocytes.

5. Conclusion

This study reports an optimization and standardization of the intra-
cellular ATP dosage protocol in T lymphocytes, making its use in lym-
phopenic patients possible. The cell number can be lowered to 50,000
T cells. This is compatible with limitations in clinical settings that dras-
tically reduce the number of T cells available. We also demonstrated
that incubation time, with or without stimulation by PHA, can be
lowered at least to 8 h, but may also be as short as 1/2 h. This will
allow a very quick answer to physicians, which is a critical point for
biomarkers.

Fig. 7. Effect of incubation time on ATP concentration in purified T cells. T cells were purified from four healthy volunteers. After various periods of incubation (0.5, 1, 3, 8 and 24 h)with or

without 4 μg/mL PHA, ATP levels weremeasured in samples containing 50,000 T cells. Samples were processed in duplicates. Data are presented as Tukey boxplots. Bottom and top of the

box represent the first and third quartiles, respectively. The horizontal bar in the box represents themedian value. Lower and higher extremities of thewhiskers respectively represent the

lowest datum still within 1.5 IQR of the lower quartile, and the highest datum still within 1.5 IQR of the upper quartile.
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Regarding technical features, we determined that blood can be sam-
pled into EDTA or heparinized tubes, and that a freeze and thaw cycle of
the cell lysate obtained at the end of the experiment process did not af-
fect significantly the results, allowing concomitant processing of differ-
ent samples on the same lecture plate. We also proved that the sample
should be put in the reading plate before the reagentmix, that the solu-
tion used to dilute samples should be the lysis buffer rather than dis-
tilled water, and that the incubation time should be as short as 3 min
to ensure maximal signal and minimal variability.

In summary, our protocol for ATP determination in T lymphocytes is
characterized by 1) a normalized T cell number, 2) a very lownumber of
cells needed, 3) a very short incubation duration, 4) a negative selection
process, avoiding potential modifications induced by a positive selec-
tion. This lymphopenia-adapted protocol could now serve as a new
tool to further investigate T cells bioenergetics and its implications in
larger clinical studies, for example in the context of injury and sepsis-in-
duced immunosuppression.

Fundings

This work was funded by Hospices Civils de Lyon (Lyon, France) and
bioMérieux (Marcy-l'Etoile, France) within the context of the Joint Re-
search Unit HCL-bioMérieux, in which this work was conducted. The
funders had no implication in the design of the study, in the collection,
analysis, or interpretation of the data, nor in the preparation of theman-
uscript and the decision to submit it for publication.

Authors' contributions

TG contributed to the interpretation of the data and wrote the man-
uscript; JM performed experiments andwrote a part of themanuscript;
EI and FP performed the experiments; EI, JM, FP, CR, JT and FV contrib-
uted to the conception and design of the study, the acquisition, analysis
and interpretation of the data; TR, GM, JT and FV reviewed the manu-
script for important intellectual content; all authors gave their final ap-
proval for the definite version of the manuscript to be published.

Conflicts of interest

Julie MOUILLAUX, Estellie IDEALISOA, Fanny POUJOL and Julien
TEXTORIS are employees of bioMérieux.

References

Berglund, D., Bengtsson, M., Biglarnia, A., Berglund, E., Yamamoto, S., von Zur-Mühlen, B.,
Lorant, T., Tufveson, G., 2011. Screening of mortality in transplant patients using an
assay for immune function. Transpl. Immunol. 24, 246–250. http://dx.doi.org/10.
1016/j.trim.2010.12.005.

Bhorade, S.M., Janata, K., Vigneswaran, W.T., Alex, C.G., Garrity, E.R., 2008. Cylex
ImmuKnow assay levels are lower in lung transplant recipients with infection.
J. Heart Lung Transplant. 27, 990–994. http://dx.doi.org/10.1016/j.healun.2008.06.
005.

Buck, M.D., O'Sullivan, D., Pearce, E.L., 2015. T cell metabolism drives immunity. J. Exp.
Med. 212, 1345–1360. http://dx.doi.org/10.1084/jem.20151159.

Castelino, D.J., McNair, P., Kay, T.W., 1997. Lymphocytopenia in a hospital
populationis—what does it signify? Aust. NZ J. Med. 27, 170–174.

Chatila, T., Silverman, L., Miller, R., Geha, R., 1989. Mechanisms of T cell activation by the
calcium ionophore ionomycin. J. Immunol. 143, 1283–1289.

Delgoffe, G.M., Powell, J.D., 2015. Feeding an army: the metabolism of T cells in activation,
anergy, and exhaustion. Mol. Immunol. 68, 492–496. http://dx.doi.org/10.1016/j.
molimm.2015.07.026.

Donnelly, R.P., Finlay, D.K., 2015. Glucose, glycolysis and lymphocyte responses. Mol.
Immunol. 68, 513–519. http://dx.doi.org/10.1016/j.molimm.2015.07.034.

Drewry, A.M., Samra, N., Skrupky, L.P., Fuller, B.M., Compton, S.M., Hotchkiss, R.S., 2014.
Persistent lymphopenia after diagnosis of sepsis predicts mortality. Shock 42,
383–391. http://dx.doi.org/10.1097/SHK.0000000000000234.

Felmet, K.A., Hall, M.W., Clark, R.S.B., Jaffe, R., Carcillo, J.A., 2005. Prolonged lymphopenia,
lymphoid depletion, and hypoprolactinemia in children with nosocomial sepsis and
multiple organ failure. J. Immunol. 174, 3765–3772.

Gerriets, V.A., Rathmell, J.C., 2012. Metabolic pathways in T cell fate and function. Trends
Immunol. 33, 168–173. http://dx.doi.org/10.1016/j.it.2012.01.010.

Gouel-Chéron, A., Venet, F., Allaouchiche, B., Monneret, G., 2012. CD4+ T-lymphocyte al-
terations in trauma patients. Crit. Care 16, 432. http://dx.doi.org/10.1186/cc11376.

Grossbard, L.J., Desai, M.H., Lemeshow, S., Teres, D., 1984. Lymphocytopenia in the surgical
intensive care unit patient. Am. Surg. 50, 209–212.

He, J., Li, Y., Zhang, H., Wei, X., Zheng, H., Xu, C., Bao, X., Yuan, X., Hou, J., 2013. Immune
function assay (ImmuKnow) as a predictor of allograft rejection and infection in kid-
ney transplantation. Clin. Transpl. 27, E351–E358. http://dx.doi.org/10.1111/ctr.
12134.

Heffernan, D.S., Monaghan, S.F., Thakkar, R.K., Machan, J.T., Cioffi, W.G., Ayala, A., 2012.
Failure to normalize lymphopenia following trauma is associated with increased
mortality, independent of the leukocytosis pattern. Crit. Care 16, R12. http://dx.doi.
org/10.1186/cc11157.

Howie, D., Waldmann, H., Cobbold, S., 2014. Nutrient sensing via mTOR in T cells main-
tains a tolerogenic microenvironment. Front. Immunol. 5, 409. http://dx.doi.org/10.
3389/fimmu.2014.00409.

Jha, A.K., Huang, S.C.-C., Sergushichev, A., Lampropoulou, V., Ivanova, Y., Loginicheva, E.,
Chmielewski, K., Stewart, K.M., Ashall, J., Everts, B., Pearce, E.J., Driggers, E.M.,
Artyomov, M.N., 2015. Network integration of parallel metabolic and transcriptional
data reveals metabolic modules that regulate macrophage polarization. Immunity
42, 419–430. http://dx.doi.org/10.1016/j.immuni.2015.02.005.

Kobashigawa, J.A., Kiyosaki, K.K., Patel, J.K., Kittleson, M.M., Kubak, B.M., Davis, S.N.,
Kawano, M.A., Ardehali, A.A., 2010. Benefit of immune monitoring in heart transplant
patients using ATP production in activated lymphocytes. J. Heart Lung Transplant. 29,
504–508. http://dx.doi.org/10.1016/j.healun.2009.12.015.

Kowalski, R., Post, D., Schneider, M.C., Britz, J., Thomas, J., Deierhoi, M., Lobashevsky, A.,
Redfield, R., Schweitzer, E., Heredia, A., Reardon, E., Davis, C., Bentlejewski, C., Fung,
J., Shapiro, R., Zeevi, A., 2003. Immune cell function testing: an adjunct to therapeutic
drug monitoring in transplant patient management. Clin. Transpl. 17, 77–88.

Kowalski, R.J., Post, D.R., Mannon, R.B., Sebastian, A., Wright, H.I., Sigle, G., Burdick, J.,
Elmagd, K.A., Zeevi, A., Lopez-Cepero, M., Daller, J.A., Gritsch, H.A., Reed, E.F.,
Jonsson, J., Hawkins, D., Britz, J.A., 2006. Assessing relative risks of infection and rejec-
tion: a meta-analysis using an immune function assay. Transplantation 82, 663–668.
http://dx.doi.org/10.1097/01.tp.0000234837.02126.70.

Li, Y., Kurlander, R.J., 2010. Comparison of anti-CD3 and anti-CD28-coated beads with sol-
uble anti-CD3 for expanding human T cells: differing impact on CD8 T cell phenotype
and responsiveness to restimulation. J. Transl. Med. 8, 104. http://dx.doi.org/10.1186/
1479-5876-8-104.

Loftus, R.M., Finlay, D.K., 2016. Immunometabolism: cellular metabolism turns immune
regulator. J. Biol. Chem. 291, 1–10. http://dx.doi.org/10.1074/jbc.R115.693903.

Maciolek, J.A., Pasternak, J.A., Wilson, H.L., 2014. Metabolism of activated T lymphocytes.
Curr. Opin. Immunol. 27, 60–74. http://dx.doi.org/10.1016/j.coi.2014.01.006.

MacIver, N.J., Michalek, R.D., Rathmell, J.C., 2013. Metabolic regulation of T lymphocytes.
Annu. Rev. Immunol. 31, 259–283. http://dx.doi.org/10.1146/annurev-immunol-
032712-095956.

Michalek, R.D., Gerriets, V.A., Jacobs, S.R., Macintyre, A.N., MacIver, N.J., Mason, E.F.,
Sullivan, S.A., Nichols, A.G., Rathmell, J.C., 2011. Cutting edge: distinct glycolytic and
lipid oxidative metabolic programs are essential for effector and regulatory CD4+
T cell subsets. J. Immunol. 186, 3299–3303. http://dx.doi.org/10.4049/jimmunol.
1003613.

Pearce, E.L., Poffenberger, M.C., Chang, C.-H., Jones, R.G., 2013. Fueling immunity: insights
into metabolism and lymphocyte function. Science 342, 1242454. http://dx.doi.org/
10.1126/science.1242454.

Quaglia, M., Cena, T., Fenoglio, R., Musetti, C., Cagna, D., Radin, E., Roggero, S., Amoroso, A.,
Magnani, C., Stratta, P., 2014. Immune function assay (immunknow) drop over first 6
months after renal transplant: a predictor of opportunistic viral infections? Trans-
plant. Proc. 46, 2220–2223. http://dx.doi.org/10.1016/j.transproceed.2014.07.050.

Rajan, G., Sleigh, J.W., 1997. Lymphocyte counts and the development of nosocomial sep-
sis. Intensive Care Med. 23, 1187.

Ravaioli, M., Neri, F., Lazzarotto, T., Bertuzzo, V.R., Di Gioia, P., Stacchini, G., Morelli, M.C.,
Ercolani, G., Cescon, M., Chiereghin, A., Del Gaudio, M., Cucchetti, A., Pinna, A.D.,
2015. Immunosuppression modifications based on an immune response assay: re-
sults of a randomized, controlled trial. Transplantation 99, 1625–1632. http://dx.
doi.org/10.1097/TP.0000000000000650.

Suzawa, T., Hyodo, S., Kishi, T., Kashiwa, H., Kittaka, E., Sakano, T., Usui, T., 1983. Induction
of human T-lymphocyte colonies by phorbol myristate acetate. Immunology 50,
575–580.

Thai, N.L., Blisard, D., Tom, K., Basu, A., Smetanka, C., Tan, H., Bentlejewski, C., Glidewell, J.,
Britz, J., Kowalski, R., Shapiro, R., Fung, J., Marcos, A., Zeevi, A., 2006. Pancreas trans-
plantation under alemtuzumab (Campath-1H) and tacrolimus: correlation between
low T-cell responses and infection. Transplantation 82, 1649–1652. http://dx.doi.
org/10.1097/01.tp.0000250655.14026.5c.

Valentine, M.A., Tsoukas, C.D., Rhodes, G., Vaughan, J.H., Carson, D.A., 1985. Phytohemag-
glutinin binds to the 20-kDa molecule of the T3 complex. Eur. J. Immunol. 15,
851–854. http://dx.doi.org/10.1002/eji.1830150821.

van der Windt, G.J.W., O'Sullivan, D., Everts, B., Huang, S.C.-C., Buck, M.D., Curtis, J.D.,
Chang, C.-H., Smith, A.M., Ai, T., Faubert, B., Jones, R.G., Pearce, E.J., Pearce, E.L.,
2013. CD8 memory T cells have a bioenergetic advantage that underlies their rapid
recall ability. Proc. Natl. Acad. Sci. U. S. A. 110, 14336–14341. http://dx.doi.org/10.
1073/pnas.1221740110.

Vulliamy, P.E., Perkins, Z.B., Brohi, K., Manson, J., 2015. Persistent lymphopenia is an inde-
pendent predictor of mortality in critically ill emergency general surgical patients.
Eur. J. Trauma Emerg. Surg. http://dx.doi.org/10.1007/s00068-015-0585-x.

Warburg, O., 1956. On respiratory impairment in cancer cells. Science 124, 269–270.
Zeevi, A., Lunz, J., 2013. Cylex ImmuKnow cell function assay. Methods Mol. Biol. 1034,

343–351. http://dx.doi.org/10.1007/978-1-62703-493-7_21.

66 T. Girardot et al. / Journal of Immunological Methods 439 (2016) 59–66













































































































<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


