
Intensive Care Med (2008) 34:1371–1376
DOI 10.1007/s00134-008-1048-1 O R I G I N A L

Didier Payen
Anne-Claire Lukaszewicz
Ioulia Belikova
Valérie Faivre
Catherine Gelin
Stefan Russwurm
Jean-Marie Launay
Nicolas Sevenet

Gene profiling in human blood leucocytes
during recovery from septic shock

Received: 12 July 2007
Accepted: 26 November 2007
Published online: 5 April 2008
© Springer-Verlag 2008

Electronic supplementary material
The online version of this article
(doi:10.1007/s00134-008-1048-1) contains
supplementary material, which is available
to authorized users.

This article is discussed in the editorial
available at: http://dx.doi.org/
10.1007/s00134-008-1049-0

D. Payen (�) · A.-C. Lukaszewicz ·
I. Belikova · V. Faivre
Université Paris 7 René Diderot,
Lariboisière University Hospital, Assistance
Publique – Hôpitaux de Paris, Department
of Anesthesiology and Critical Care
Medicine,
Paris, France
e-mail: dpayen1234@aol.com

J.-M. Launay · N. Sevenet
Lariboisière University Hospital,
Biochemistry Laboratory,
Paris, France

C. Gelin
Saint Louis Hospital, INSERM U662,
Paris, France

S. Russwurm
SIRS-Lab,
Jena, Germany

Abstract Objective: To assess blood
leucocytes gene profiling during re-
covery phase of septic shock; to test
the relation between encoding gene
expression and protein level. Study
design: Gene expression levels were
studied at days 0, 1, 7 and 28 (D0, 1, 7
and 28) on a dedicated microarray of
340 genes involved in inflammatory
processes. Settings: 16-bed intensive
care unit, Lariboisière University
hospital. Patients: Seventeen septic
shock patients enrolled when at least
one additional organ dysfunction
occurred. Measurements and results:
Changes over time were compared

with D0 via the ratio Dx/D0. The
time-related gene expression study
showed significant changes in ten
genes. Among them, S100A8 and
S100A12 had a reduced expression
over time compared with D0, whereas
CD74’s expression increased. The
microarray results were validated by
RT-qPCR for four genes. The S100A8
plasma levels decrease along recovery
in parallel with the gene expression
decrease. The CD74 gene expression
evolution significantly correlated with
HLA-DR monocyte expression.
Conclusions: These results are the
first description of variations in ex-
pression of key inflammatory genes
in the course of the septic shock
recovery period.

Keywords Microarray · Kinetic of
gene expression · CD 74 · S100A gene
and protein · HLA-DR expression

Introduction

Despite a better understanding of pathophysiology, septic
shock remains a challenging situation in ICU and retains
a high mortality rate [1]. The systemic inflammation
has received a lot of attention in the past decades, using
animal or cellular models [2–4] or clinical cohorts [5].
Within the past decades, the use of animal and cellular
models led to the isolation of important mediators of
systemic inflammation, such as TNFα or IL-1β, which
were further targeted in protocol-based therapy on clinical

cohorts [6–8]. None of the clinical trials evaluating drugs
interacting with these factors have been successful. In
the complexity of the human septic pathophysiology,
the recovery process received little attention in patients
who survived septic shock. Taking into account the large
number of pathways potentially involved renders the
gene-by-gene or protein-by-protein approach obsolete.
Multiplex approaches, such as microarray strategies [9],
thus appear like powerful alternatives. This technology can
indeed be applied to define the kinetic of genes expression
during the recovery period. The recently published data
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on time evolution of healthy volunteers receiving LPS
injections provide useful information on the acute modifi-
cations of gene expression and their time dependence for
recovery [9]. Recently, two studies carried out in human
septic patients have been published. In the first study,
a biochip dedicated to inflammation was applied to whole
blood cell from 8 septic patients, compared with 4 patients
without inflammation, questioning the early diagnosis of
sepsis, but their results require further validation [4]. In
a second study [10], an Affymetrix chip (approximately
14,700 probe sets, whole blood) identified a set of 28
genes efficiently discriminating non-survivors from sur-
vivors with a sensitivity of 100% and a specificity of 86%.
Several genes overexpressed in survivors participate in
innate immunity, i.e. cytokine, chemokine receptor and
toll-receptor pathways.

In the present study, we analyzed the gene expression
in circulating leucocytes with a microchip dedicated to in-
flammation pathways. The evolution of gene expression in
septic shock patients at days 1, 7 and 28 was compared to
day 0 expression, with every patient being his own control.

Materials and methods

Patients

The study concerned patients in septic shock as defined by
the ACCP/SCCM consensus [11] and was approved by the
Cochin Hospital Ethics Committee (no. CCPPRB 2061).
Patients over 18 years old were included after written
informed consent from their next of kin. Inclusion criteria
were: a documented infection by clinical and/or bacterio-
logical evidence; and septic shock (cardiovascular failure
with norepinephrine) with at least one additional sepsis-
related organ failure. Exclusion criteria were: long-lasting
glucocorticosteroid treatment; recent treatment for cancer;
immune or haematological diseases; and a life expectancy
< 6 months. Blood samples were initiated within 48 h
after reaching the inclusion criteria (D0) and at days 1
(D1), 7 (D7) and 28 (D28). The 28-day outcome (dead or
alive) was also recorded (see Table 1 in ESM).

Microarray procedure

Mature granulocytes were eliminated from blood by
gradient centrifugation (Histopaque, Sigma, St. Quentin
Fallavier, France). Collected cell analysis included mor-
phological characteristics by light scatter and CD66b ex-
pression (FACScalibur, BD Bioscience, Le Pont de Claix,
France) for evaluating the proportion of immature cells
(granulocyte lineage) [12]. Accordingly, the studied cells
were at D0 and D1 myeloid cell for 50% and circulating
immune mononuclear cells (lymphocytes and monocytes)
for the remaining, which became up to 98% at D7 and D28.

Total RNA isolation and microarray preparation are
described in the ESM. Hybridisation was performed on
the slide Lab-Arraytor human 500-1 cDNA (SIRS-Lab,
Jena, Germany). Description of the slide (GPL1936),
experimental design and tables of the normalised data
for outcome and time evolution were registered in the
Gene Expression Omnibus database under the accession
numbers GSE5262 and GSE5271. Minimum Information
Microarray Experiment (MIAME) criteria were carefully
fulfilled (see ESM).

Data measurement

Unpaired t-test was used to generate the list of genes with
different levels of expression according to outcome, and
ANOVA analysis for comparisons over time. A value of
p < 0.05 was considered as statistically significant.

Validation of gene expression by real-time quantitative
PCR (RT-qPCR)

Four genes have been selected for validation on the basis
of their fold change having a stable trend over time. In
addition, their scattering values allowed to well assess
a potential correlation. Reverse transcription reactions
(High Capacity cDNA Archive kit, Applied Biosystems,
Foster City, CA, USA) and TaqMan Gene Expression
Assays on ABI PRISM 5700 Sequence Detection Sys-
tem (Applied Biosystems) were performed according
manufacturer’s specifications. Eukaryotic 18S rRNA was
used as an endogenous control and the reference standard
sample was Universal Human Reference RNA (Clontech;
see ESM).

Plasma S100A8 ELISA

The technique (see ESM) was adapted from a previous
publication [13] (from 34 healthy subjects, paired on
age and sex; average normal value: 0.26 µm/ml, range
0.052–0.468 µm/ml).

Monocyte HLA-DR expression
Monocyte HLA-DR expression was quantified by flow
cytometry (FACScalibur instrument BD Biosciences,
Rungis, France) as the number of antibodies per cell
(AB/C). Antibodies anti-CD14-FiTC (clone RMO52,
Beckman Coulter, Marseille, France), isotype control-PE
(Simultest control, BD Biosciences, San Jose, CA, USA.)
and anti-HLA-DR-PE (clone L243, BD Biosciences) were
used. The average normal value for healthy volunteers was
22,000 (range 11,000–34,000).
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Statistical analysis

Clinical characteristics and quantitative results were ex-
pressed in median and interquartile range (IQR). Compar-
ison of S100A8 plasma level between survivors and non-
survivors at D0 and D1 was performed using the Mann–
Whitney test. Changes of plasma S100A8 protein, CD74
gene expression and HLA-DR monocyte expression were
tested by Friedman test. Correlations between microarray
data with RT-qPCR or protein expression was performed
with a Spearman correlation test. A value of p < 0.05 was
considered as statistically significant.

Results

The median age of the population was 59 years (IQR 16)
with a median Simplified Acute Physiology Score (SAPS

Fig. 1 The hierarchical bi-clus-
tering of genes and survivals
over 28 days (available data at
D1, D7 and D28) referred to D0.
The top part illustrates the den-
drogram of patient time points.
The left part shows the dendro-
gram of the time evolution of the
ten best separated genes set.
Each row corresponds to a gene
probe and each column to a time
point (ratio D1/D0, D7/D0,
D28/D0) for one patient. Color
intensities of boxes were related
to the log10 ratio Dx/D0 in each
patient for each gene: increased
gene expression in red and
decreased gene expression in
green. Black boxes correspond to
the lack of significant variation

Table 1 Summary of the list of the genes of interest whose expression is modified with time evolution. Table gives their accession ID
(according to SIRS Lab), name and signification of the genes, and their function category, according to Genecards

Reference ID Gene ID Description Category
SIRS-Lab of function

AK055068 TPD52L2 Tumor protein D52-like2 Cell proliferation
XM 086400 S100A8 S100 calcium binding protein A8 (calgranulin A) Cell cycle progression

and differentiation
D49410 IL3RA Interleukin 3 receptor, alpha (low affinity) Cell surface receptor

of hematopoietic growth factor
NM 006084 ISTF3G Interferon-stimulated transcription factor 3, gamma Transcription factor
XM 001682 S100A12 S100 calcium binding protein A12 (calgranulin C) Antimicrobial activity
XM 015396 ALOX5AP Arachidonate 5-lipoxygenase-activating protein Leucotrienes synthesis
XM 003937 CD74 CD74 antigen Invariant polypeptide of MHC class II

antigen-associated
XM 008570 VAMP2 Vesicle-associated membrane protein 2 Regulation of exocytosis

(synaptobrevin 2)
XM 034770 PAFAH1B1 Platelet-activating factor acetylhydrolase, isoform Ib, Inactivation of proinflammatory PAF

alpha subunit
XM 056009 IGLL1 Immunoglobulin lambda-like polypeptide1 Immunoglobulin

II) of 50 (IQR 14), a number of organ failure of 3 (IQR 1)
and a Sepsis-related Multiple Organ Failure Score (SOFA)
score of 10 (IQR 3) at D0. Three patients (17%) died all
within the first week of the study.

Gene expression in leucocytes over 28 days
in survivors (n = 14)

Figure 1 shows the hierarchical clustering representation
of gene expression at D1, D7 and D28 referred to D0.
Most of the D1/D0 ratios were grouped together as were
the later gene expression ratios (D7/D0, D28/D0). Ten
genes demonstrated significant expression variations over
time in comparison with D0 (p < 0.05; Table 1). CD74
implicated in antigen presentation increased its expression
over time until D28. By contrast, the expression of genes
encoding proinflammatory proteins, such as S100A8,
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Table 2 Summary of the list of selected genes and their fold changes (FC, Dx/D0) for shock recovery at each time, expressed in mean ± SD

D1/D0 D7/D0 D28/D0

ALOX5AP 1.80 ± 3.30 0.68 ± 0.58 0.36 ± 0.16
CD74 1.46 ± 0.81 2.66 ± 1.54 4.14 ± 2.24
IGLL1 1.45 ± 0.97 6.75 ± 9.05 1.99 ± 2.24
IL3RA 1.96 ± 1.54 1.00 ± 0.43 0.92 ± 0.30
ISGF3G 0.97 ± 0.50 1.23 ± 0.73 1.34 ± 0.65
PAFAH1B1 0.97 ± 0.57 0.78 ± 0.52 1.41 ± 0.95
S100A12 1.34 ± 0.88 0.60 ± 0.47 0.27 ± 0.19
S100A8 1.04 ± 0.63 0.42 ± 0.50 0.17 ± 0.20
TPD52L2 1.06 ± 0.45 0.77 ± 0.33 0.79 ± 0.30
VAMP2 1.52 ± 1.36 1.54 ± 1.62 1.73 ± 0.80

S100A12, arachidonate pathway (ALOX5AP) and the
isoform alpha of IL-3 growth factor receptor, all decreased
their expression over time. Table 2 summarizes the varia-
tions [fold changes (Dx/D0)] at each time for each gene of
interest. D1/D0 comparison in non-survivors vs survivors
(clustering representation and list of gene) is shown in
Fig. 1 suppl in ESM.

Comparison between microarray and RT-qPCR data
in survivors

The real-time PCR data correlated with microarray data
for CD74, S100A8, S100A12 and VAMP2 expression
(r = 0.62 and p < 0.001, r = 0.58 and p < 0.001, r = 0.81
and p < 0.001, and r = 0.41 and p < 0.05, respectively; see
Fig. 2 suppl in ESM).

Fig. 2 Trend over time of CD74
gene expression (Dx/D0)
measured by microarray and
HLA-DR monocyte expression
(antibody per cell (AB/C),
Dx/D0). Correlation between
CD74 gene expression measured
by microarray (x-axis) and
monocyte HLA-DR level
(y-axis) ratios at all time points

Fig. 3 a S100A8 plasma levels
in survivors (white boxes) and
dead patients (black boxes) at
D0, D1, D7 and D28.
Mann–Whitney test, p < 0.01;
Friedman test, p < 0.001.
b Correlation between S100A8
gene expression measured by
microarray (x-axis) and plasma
S100A8 (y-axis) ratios at all
time points

Relation between monocyte HLA-DR expression and
CD74 gene expression in survivors

The CD74 gene expression (microarray data) and the pro-
tein HLA-DR expression (Fig. 2) presented the same trend
and correlated (r = 0.57, p = 0.0005).

S100A8 plasma measurements in all studied patients
(n = 17)

Fig. 3a shows the evolution of S100A8 plasma values
along recovery. In addition to the significant difference
at day 0 between survival and dead patients (p < 0.01),
there was a clear decrease along time evolution (Friedman
test, p = 0.001). Fig. 3b shows the correlation between
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microarray data and the plasma level ratio in survivors
(r = 0.89, p < 0.001).

Discussion

The hierarchisation clustering of gene provided a profile
of recovery from septic shock in circulating leucocyte. We
confirmed the underexpression of CD74 at the early phase of
septic shock as previously mentioned by Pachot et al. [14],
associated with HLA-DR downregulation at the monocyte
surface. The CD74 re-expression along 28 days paralleled
the HLA-DR re-expression on monocytes. Modifications
of the genes encoding for members of S100α protein
family, classically involved in chronic inflammatory dis-
ease [15], is reported here for the first time in human septic
shock.

Among all studied genes, the CD74 expression in-
crease was the most important over 28 days after septic
shock in survivors. CD74 (also named invariant chain, Ii)
forms with HLA-DR molecules a complex stocked in the
class-II compartment and is essential for the intracellular
compartmentalisation of the HLA-DR protein [16]. After
degradation in endocytosis vesicules, CD74 will be
degraded in class-II associated-invariant peptide (CLIP)
and then be exchanged with peptide for presentation to
the cell surface [16]. CD74 expression was previously
noted to be markedly decreased in the early phase of
human septic shock or sepsis [9, 14]. In addition to this
confirmation, we showed in the present study (Fig. 2)
a recovery of CD74 expression in leucocytes, which
paralleled HLA-DR expression recovery at the monocyte
surface. Accordingly, this study suggests an additional
mechanism to the constantly observed downregulation of
HLA-DR expression in monocytes during sepsis or septic
shock [17, 18] and the recovery processes.

The increase of S100A8 and S100A12 protein ex-
pression has been exclusively described in chronic inflam-
matory human pathologies such as atherosclerosis and
rheumatoid arthritis [19, 20]. These proteins are involved
in neutrophil and monocyte activation processes, e.g.
adhesion, and have antimicrobial properties [21]. A recent
review concluded on growing evidence that S100A8,
S100A9 and S100A12 comprise a new group of proin-
flammatory proteins expressed by phagocytes, which are
attractive targets for novel diagnostic and therapeutic
approaches in inflammatory diseases [15]. The S100A8
is released by phagocytes by LPS [22, 23] with an am-
plification by IL-10 and glucocorticoids [24]. The recent
publication on a mice model of septic shock, demonstrated
the major role of such a protein in sepsis pathophysiology.
The knockout mice for S100A8 gene were protected from
abdominal sepsis or LPS injection induced death [25].
Although limited by the small number of dead patients,
we observed a large difference at day 0 between dead
and alive patients, which supports the experimental data.

These proteins form complexes (S100A8-S100A9), and
their level correlates with inflammatory disorders [15]
and prothrombotic response of endothelial cells [26].
These members of calgranulin family of S100 proteins
may exert their proinflammatory activities through their
interaction with the multiligand receptor for advanced
glycation end products (RAGE). In addition to RAGE,
recent data demonstrated a S100A8-S100A9 mediated
effect on TLR4-MD2 expression in a septic shock mice
model [25]. Because of that, this group of proteins might
be a new therapeutic target in septic shock. The decreased
plasma level trend in survival also fits well with its role in
human sepsis. The present study, to our knowledge, is the
first that reports variations observed in some transcripts in
parallel with variations in protein expression, suggesting
a direct relation between transcription and translation. If
this result has to be confirmed in a larger population of
septic shock patients, it is of greatest interest to use such
transcriptomic methods.

The first apparent limitation could relate to the lim-
ited number of studied genes (340) provided by our ded-
icated microchip. Even if a pangenomic chip might give
wider information on gene expression, a dedicated chip
is also useful. Considering the results published on sep-
sis or LPS-treated healthy volunteers [9], the number and
type of gene of interest are consistent with the number and
type of genes whose expression was modified on the ded-
icated microchip used. Various gene expression profiles
were similarly modified on a pangenomic and our dedi-
cated chips, e.g. S100 clusters, VAMP and CD74. In ad-
dition, 340 genes’ expression evaluation is undoubtedly
more informative than a single gene by PCR analysis; how-
ever, other important genes’ expression modifications in
sepsis might be missed. The second limitation concerns the
knowledge of cell types collected by gradient centrifuga-
tion. It is well known that immature myeloid cells are se-
lected by this separation at the early phase of acute inflam-
mation [12] as we analyzed with flow cytometry. As a con-
sequence, the observed early S100s gene expression is dif-
ficult to attribute to a specific category of cells. Thirdly, one
has to keep in mind that such white cell gene expression
modifications do not cover the modifications occurring in
other tissues, such as endothelial and epithelial cells.

Conclusion

This study demonstrates that microarray technique can be
applied to circulating leucocytes in septic shock patients,
with an adequate validation by RT-qPCR and protein mea-
surements. For the first time, the evolution of gene expres-
sion during recovery of septic shock showed significant
under- and overexpression of genes known to play a ma-
jor role in inflammatory response, especially S100 family
proteins. The systems involved in the recovery might open
new research areas for new therapies.
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