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Summary

Critically ill patients display a state of immunosuppression that has been
attributed in part to decreased plasma arginine concentrations. However, we
and other authors have failed to demonstrate a clinical benefit of L-arginine
supplementation. We hypothesize that, in these critically ill patients, these
low plasma arginine levels may be secondary to the presence of granulocytic
myeloid-derived suppressor cells (gMDSC), which express arginase known to
convert arginine into nitric oxide (NO) and citrulline. Indeed, in a series of
28 non-surgical critically ill patients, we showed a dramatic increase in
gMDSC compared to healthy subjects (P = 0·0002). A significant inverse cor-
relation was observed between arginine levels and gMDSC (P = 0·01). As
expected, gMDSC expressed arginase preferentially in these patients. Patients
with high gMDSC levels on admission to the medical intensive care unit
(MICU) presented an increased risk of death at day 7 after admission
(P = 0·02). In contrast, neither plasma arginine levels, monocytic MDSC
levels nor neutrophil levels were associated with overall survival at day 7. No
relationship was found between body mass index (BMI) or simplified acute
physiology score (SAPS) score, sequential organ failure assessment (SOFA)
score or gMDSC levels, eliminating a possible bias concerning the direct
prognostic role of these cells. As gMDSC exert their immunosuppressive
activity via multiple mechanisms [production of prostaglandin E2 (PGE2),
interleukin (IL)-10, arginase, etc.], it may be more relevant to target these
cells, rather than simply supplementing with L-arginine to improve immu-
nosuppression and its clinical consequences observed in critically ill patients.
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Introduction

Myeloid-derived suppressor cells (MDSC) comprise a het-
erogeneous population of immature myeloid cells at differ-
ent stages of differentiation [1]. Although many subtypes of
MDSC have been described in mice and humans, they can
be classified into two major subsets: a monocytic MDSC
population [CD14+human leucocyte antigen (HLA)-
DRlow/−] and a granulocytic MDSC population (CD3, CD19,
CD56, CD14)neg CD15+ HLA-DRneg). These cells do not
express markers of the T, B and natural killer (NK) cell
lineage and the granulocytic population is also devoid of
markers of the CD14 monocyte lineage [2]. MDSC are con-
sidered to be immunosuppressive cells, as they are able to

inhibit many immune functions. Interestingly, in healthy
subjects, cells with this phenotype are rare, non-
immunosuppressive and differentiate rapidly into mature
myeloid cells. In cancer patients, these cells are expanded
and activated, resulting in acquisition of potent immuno-
suppressive activity and altered ability to differentiate [3,4].

MDSC production has also been reported in a number of
pathological conditions other than cancer, including trau-
matic stress, burn injury and bacterial and parasitic infec-
tions [5–7].

Various non-exclusive mechanisms have been proposed
to explain the immunosuppressive activity of these MDSC,
including the expression or production of arginase I, reac-
tive oxygen/nitrogen species [peroxynitrites, nitric oxide
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(NO)], transforming growth factor (TGF)-β, ADAM
metallopeptidase domain 17 (ADAM17), galectin-9 and
vascular endothelial growth factor (VEGF) [8]. Among
these various factors, extensive research has focused on the
expression of arginase by MDSC and its subsequent activity
on its substrate (i.e. arginine). Arginase transforms arginine
into ornithine (and subsequently into aliphatic polyamines
and urea), whereas NO synthase converts arginine into NO
and L-citrulline. Depletion of arginine (i.e. arginine defi-
ciency syndrome) by arginase I plays a major role in MDSC
suppression independently of cell-to-cell contact [9]. In the
absence of arginine, T cells are arrested in G0–G1 of the cell
cycle, leading to inhibition of their proliferation and func-
tions [10]. NO production suppresses T cell function by
blocking phosphorylation or promoting nitration of signal-
ling proteins, resulting in inhibition of interleukin (IL)-2
and interferon (IFN) responsiveness [11,12].

In humans, it has been shown that granulocytic MDSC
express high levels of arginase I and nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase (Nox1) [13–15],
whereas the monocytic population of MDSC express induc-
ible NO synthase (iNOS) (NOS2) together with sustained
high NO production [16].

Various studies have reported decreased plasma arginine
concentrations in critically ill patients secondary to sepsis
or other causes [17–21]. This arginine depletion has been
associated with the immunosuppression state observed in
these patients [22]. Interestingly, our group recently
reported a marked increase in ornithine synthesis in criti-
cally ill patients treated by L-arginine supplementation,
while citrulline/NO synthesis was only minimally stimu-
lated [21]. These results suggest that, in these patients, exog-
enous arginine is metabolized via the arginase pathway,
rather than the iNOS pathway. The aim of this ancillary
study was to determine granulocytic MDSC in this group of
patients, as these cells express arginase and low iNOS activ-
ity preferentially and could therefore contribute to arginine
depletion, explaining the preponderance of arginase activity
over the NOS pathway in these critically ill patients. The
results showed a marked increase in granulocytic MDSC in
these patients that was correlated inversely with plasma
arginine concentrations and overall survival.

Patients and methods

Patients

Patients (n = 28) included in this study were part of a
double-blind randomized clinical trial of L-arginine supple-
mentation [200 mg/kg/day for 5 days from admission to the
Medical Intensive Care Unit (MICU) versus standard
enteral nutrition plus placebo]. The clinical results of this
study have been published previously [21].

Inclusion criteria, recorded on the day of admission (day
1 of MICU stay), were as follows: age >18 years, medical

patient (absence of recent surgery or trauma), initial aggres-
sion <5 days, mechanically ventilated with expected dura-
tion of mechanical ventilation >2 days, need for enteral
nutrition, absence of previous immunosuppression and
nasal NO <60 parts per billion (ppb). Exclusion criteria
were as follows: severe sepsis, septic shock and pregnancy.

The study was approved by our institutional review
board and the protocol was registered at ClinicalTrials.gov
Identifier: NCT01038622. Patients were enrolled from 3
November 2009 to 1 October 2011. Patients were enrolled
after obtaining next-of-kin written informed consent.

A Consolidated Standards of Reporting Trials
(CONSORT) flow diagram is shown in Supporting infor-
mation, Fig. S1 and the primary reasons for admission to
the MICU are shown in Supporting information, Table S1.

Blood samples from 12 healthy subjects were also
obtained from the Etablissement Français du Sang (EFS,
Rungis, France) for the purposes of this ancillary study.

MDSC subpopulation determination

Granulocytic MDSC analyses were performed on whole
blood after Ficoll-Paque density gradients to eliminate
neutrophils. The following labelled anti-human monoclo-
nal antibodies were used for staining: anti-lineage (LIN)
fluorescein isothiocyanate (FITC) including anti-CD3
[clone A-dmDT390-bisFv(UCHT1)], -CD19 [clone CD19
antibody (HIB19)], -CD56 [clone N-CAM-16 monoclonal
antibody (NCAM)16·2], -CD14 [clone CD14 antibody
monoclonal (MoP9)] (Becton Dickinson, Pont de
Claix, France), PE-labelled anti-CD33 (clone WM53)
(Biolegend-Ozyme, Saint-Quentin-en-Yvelines, France)
and allophycocyanin (APC)-labelled anti-HLA-DR (clone
IMMU-357) (Beckman Coulter, Villepinte, France). At
least 105 events were acquired for analysis. Briefly, follow-
ing the initial forward-/side-scatter (FS/SSC) discrimina-
tion to eliminate cell debris and singlet selection (FSC-H
versus FSC-A), the gate was set on LIN-negative cells;
CD33+ cells were then gated and the percentage of HLA-
DRneg/low cells was measured on these gated populations.
The percentage of granulocytic MDSC was defined as the
percentage of CD33+LINneg (including CD14neg cells) HLA-
DRneg cells in total peripheral blood mononuclear cells
(PBMC) (Supporting information, Fig. S2), as proposed by
Fricke [23]. As other groups have defined MDSC as the
percentage of CD15+CD14negHLA-DRneg cells in total
PBMC [24], we compared these two populations and dem-
onstrated that they were correlated closely (Supporting
information, Fig. S3). As granulocytic MDSC have been
shown to be sensitive to cryopreservation/thawing [13], all
analyses were performed on fresh samples.

For determination of CD14+HLA-DRneg/low cells, also
called monocytic MDSC (mMDSC) [3], the analysis
was also performed on whole blood after Ficoll-Paque
density gradients. PBMC were stained with the following
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monoclonal antibodies: FITC-labelled anti-CD14 (BD-
Bioscience) and APC-labelled anti-HLA-DR (Beckman
Coulter) (Supporting information, Fig. S2b).

Isotype control antibodies were introduced in each
experiment. Data acquisition was performed using a fluo-
rescence activated cell sorter (FACS)Calibur flow cytometer
(BD Biosciences) and were analysed using CellQuest (BD
Biosciences), as described previously [25].

Intracellular staining for arginase detection

Cells were washed in flow cytometry fixation buffer (R&D
Systems, Lille, France) and incubated at room temperature
for 10 min. After washing, cells were then resuspended in
flow cytometry permeabilization/wash buffer I (R&D
Systems) including 5% human serum (PAA Laboratory,
Velizy-Villacoublay, France). Anti-arginase 1 [human/
mouse arginase 1 APC polyclonal sheep immunoglobulin
(Ig)G] or isotype control (R&D Systems) were then incu-
bated at 4°C for 45 min. After washing in 2 ml of flow
cytometry permeabilization/wash buffer I, the final cell
pellet was resuspended in 500 μl of flow cytometry staining
buffer (R&D Systems).

Determination of L-arginine and nasal NO fraction

For arginine assay, blood was collected in heparin-
containing tubes (17 IU/ml), which were centrifuged imme-
diately (10 min, 2500 g, 4°C). The supernatant was stored at
−80°C until analysis. Analysis was performed by ion-
exchange chromatography, as described previously [26].

For nasal NO fraction, gas was sampled through a nasal
prong introduced approximately 2 cm from the aperture of
one nostril, as described previously [27].

Statistical analysis

For continuous variables, Student’s t-test was used for nor-
mally distributed variables and the Wilcoxon test was used
for non-normally distributed variables. The χ2 test was used
for categorical variables.

Correlations between parameters were calculated using
Spearman’s rank correlations, when both variables were
continuous. Logistic regressions were used to estimate asso-
ciations between binary variables and continuous variables.

A P-value <0·05 was considered significant; sas statistical
software (release 9·2; SAS Institute Inc., Cary, NC, USA) was
used for all analyses.

Results

Granulocytic MDSC (gMDSC) and monocytic MDSC
(mMDSC) are increased in critically ill patients

gMDSC and mMDSC were measured in, respectively, 28
and 27 unselected, non-surgical critically ill patients

without initial severe sepsis and admitted to the MICU. A
dramatic increase of gMDSC was observed in critically ill
patients on admission to the MICU compared to 12
healthy subjects, as the median percentage of gMDSC
was 14% [interquartile range (IQR) = 6%; 23%] in criti-
cally ill patients versus 0·85% (IQR = 0·6%; 1·1%)
in healthy subjects (Fig. 1) (P = 0·0002). Percentages
of gMDSC ranging from 0·5 to 43% were observed in
critically ill patients, while these percentages never
exceeded 1·6% in healthy subjects (Fig. 1). Similarly, per-
centages of mMDSC were higher in critically ill patients
(median: 4·18%; IQR = 1·46%; 12·38%), than in healthy
subjects (median: 0·17%; IQR = 0·1%; 0·22%)
(P = 0·0039).

We did not find any correlation between the age and
gender of patients and the levels of gMDSC (Supporting
information, Fig. S4).
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Fig. 1. Granulocytic and monocytic myeloid-derived suppressor cells

(MDSC) levels were increased in critically ill patients. Granulocytic

MDSC [lineage (LIN)negCD33+human leucocyte antigen R-related

(HLA-DR)neg] (n = 28) (▲, △) and monocytic MDSC

(CD14+HLA-DRneg) (n = 27) (■, □) were measured on day 1

[admission to the medical intensive care unit (MICU)] in critically ill

patients (▲, ■) without sepsis and in healthy subjects (△, □). Median

is indicated by horizontal bars. *P < 0·01; **P < 0·01; ***P < 0·001.
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gMDSC express high levels of arginase and are
correlated inversely with L-arginine levels

To support the link between gMDSC and plasma L-
arginine, arginase levels were measured in gMDSC and
various myeloid cell subpopulations (mMDSC and HLA-
DR+CD14+ cells). Very high levels of arginase were found in
gMDSC, while very low levels were found in mMDSC and
HLA-DR+ monocytes (Fig. 2). L-arginine levels were then
correlated with granulocytic MDSC or mMDSC. As
expected, plasma arginine levels were low in this group of
patients [mean: 38 μmol/l (normal values: 60–80 μmol/l)].
A significant inverse correlation was observed between
gMDSC levels and arginine levels (P = 0·0137) (Fig. 3a). In
contrast, no correlation was observed between plasma
arginine concentrations and mMDSC levels (P = 0·34)
(Fig. 3b). These results support our hypothesis concerning a
putative role of the arginase expressed by gMDSC on
arginine depletion.

As these patients were part of a clinical trial of L-arginine
supplementation versus placebo, we looked for a possible
bias in gMDSC levels between the two initial groups
of patients (L-arginine supplementation versus placebo

groups) and assessed the influence of L-arginine supple-
mentation on MDSC levels. No significant difference in
gMDSC levels was observed between the two groups of
patients on day 1 and L-arginine supplementation did not
modify gMDSC levels compared to the placebo group (Sup-
porting information, Table S2).

gMDSC are not known to express iNOS [28], and no cor-
relation was demonstrated in our population of critically ill
patients between nasal NO and gMDSC (Fig. 3a) or
between NO and mMDSC, although these cells have been
shown to express iNOS (Fig. 3b).

gMDSC levels correlate inversely with survival in
critically ill patients

Patients with high gMDSC levels on admission to the
MICU (day 1) presented an increased risk of death within
the 7 days following inclusion in the protocol, regardless of
the markers used to measure this risk, as the median of
gMDSC, defined as CD15+CD14negHLA-DRneg cells, was
higher (25%, IQR = 10·00; 36·00) in the 13 patients who
died than in the 15 patients who were alive on day 7 (7%,
IQR = 0·6; 18·00) (P = 0·02) (Table 1). A similar positive
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correlation was found when gMDSC were measured as
LINnegCD33+HLA-DRneg cells (P = 0·049). In contrast, on
day 1, neither plasma arginine levels nor mMDSC levels
were associated with overall survival at day 7. As gMDSC
are considered to be precursors of neutrophils, a parameter
that is much easier to monitor than gMDSC, we also dem-
onstrated that median neutrophil levels on day 1 were not
correlated with mortality in this group of critically ill
patients (Table 1).

To eliminate a possible bias concerning the significance
of these results, we then tested whether MDSC levels were
correlated with conventional prognostic factors used to
stratify these patients. No correlations were observed

between body mass index (BMI) or simplified acute physi-
ology score (SAPS) score or sequential organ failure assess-
ment (SOFA) score and MDSC levels on inclusion of these
patients (Table 2).

Discussion

In the present study, we show that critically ill patients
display high levels of gMDSC compared to healthy
subjects. In addition, gMDSC appear to be a new pro-
gnostic biomarker in critically ill patients, which is corre-
lated inversely with plasma arginine levels and overall
survival.
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Table 1. Granulocytic myeloid-derived suppressor cells (MDSC) on day 1 correlates with survival in critically ill patients.

Variables on day 1

Death

P-valueYes No

gMDSC† (%) n 13 15 0·0209

Median (IQR) 25 (10; 36) 7 (0·6; 18)

gMDSC‡ (%) n 13 15 0·0499

Median (IQR) 18 (9; 35) 9 (1; 18)

mMDSC (%) n 12 15

Median (IQR) 4·72 (1·46; 12·38) 4·18 (0·77; 14·47) 0·932

Arginine μM/l n 13 17 0·2246

Median (IQR) 27 (17; 36) 31 (23; 49)

Neutrophils (G/l) n 13 17 0·1266

Median (IQR) 12·5 (10·7; 17·9) 11 (7·3; 12·55)

Median levels of the various variables [granulocytic myeloid-derived suppressor cells (gMDSC), monocytic myeloid-derived suppressor cells

(mMDSC), arginine and neutrophils] were compared between critically ill patients who were alive or dead on day 7; n = number of patients. †gMDSC

defined as % CD15+CD14neghuman leucocyte antigen D-related (HLA-DR)neg/peripheral blood mononuclear cells (PBMC), ‡gMDSC defined as

%lineage (LIN)negCD33+ HLA-DRneg/PBMC.
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It has been demonstrated previously in cancer patients
that increased arginase activity restricted to granulocytic
MDSC results in significantly decreased plasma arginine
levels [13–15,29]. Depletion of these MDSC restored IFN-γ
production and T cell proliferation in these cancer patients
[30]. We have not performed functional studies in the
present work due to the limited volume of blood collected.

Arginase activity was also increased in the setting of
sepsis and oxidative stress [31]. Other mechanisms may
explain the low arginine levels observed in critically ill
patients, as arginine is derived from diet, protein break-
down and de-novo synthesis from citrulline by
argininosuccinate synthase (ASS) and argininosuccinate
lyase (ASL), a step which occurs mainly in the kidney and
liver [32]. Gut enterocytes are an important source of
citrulline production, which can be impaired by critical
illness, leading to decreased availability of citrulline [33,34].
Citrulline supplementation increases plasma citrulline and
arginine in healthy subjects [35] and in various pathological
states, including hypercatabolic situations [36]. L-arginine
depletion may therefore be multi-factorial, but our study
strongly suggests a novel mechanism linked to high levels of
gMDSC, which express high levels of arginase (Fig. 2) in
this group of critically ill patients. Whiteside’s group
showed clearly that only HLA-DRnegLINnegCD15+ cells
expressed high levels of arginase I, whereas monocytic
MDSC, including CD14+HLADR−/low cells, tend to express
iNOS [13]. Other myeloid cell populations present in the
blood, such as mMDSC and neutrophils, were not corre-
lated with L-arginine levels (Fig. 3 and data not shown),
supporting the relationship between gMDSC and plasma
L-arginine levels [29].

Other myeloid cell populations, such as arginase-
expressing ‘alternatively activated’ M2 macrophages, have
been detected in subcutaneous and visceral adipose tissues
from critically ill patients and may also participate in
L-arginine depletion [37].

Various mechanisms may explain the increase in both
gMDSC and mMDSC in these critically ill patients.
Proinflammatory mediators, such as IL-1, IL-6, PGE2 and
S100 proteins, known to be increased in critically ill patients
[38], drive the expansion of MDSC. Nuclear factor-kappa B

(NF-kB) signalling mediated by IL-1 is also required for
MDSC expansion in some settings. Interestingly, increased
NF-kB activation in myeloid cells has been reported in criti-
cally ill patients with poor prognosis [39]. Induction of
CXCR4 and its CXCL12 ligand by PGE2 also promotes
recruitment of MDSC [40]. Haematopoietic growth
factors, such as stem cell factor, granulocyte–macrophage
colony-stimulating factor (GM-CSF) and granulocyte-CSF
(G-CSF), have also been involved in the expansion of
MDSC [8]. Few studies have distinguished clearly the spe-
cific mechanisms involved in gMDSC and mMDSC genera-
tion. Plasma IL-6 was correlated with gMDSC in cancer
patients [41], and we found high IL-6 levels in our series of
critically ill patients (data not shown). IL-6 signals via signal
transducer and activator of transcription-3 (STAT-3), which
up-regulates NADPH oxidase components in gMDSC [42].
STAT-3 has also been shown to be essential for mobilization
and tissue accumulation of MDSC [43]. In contrast, STAT-1
is particularly important for mMDSC function via its effect
on iNOS expression [44].

Expansion of myeloid progenitor cells and immature
granulocytes, including promyelocytes, myelocytes and
metamyelocytes, has also been described in a subgroup of
critically ill patients with sepsis and appears to be helpful to
discriminate infected and non-infected patients [45].
However, these immature myeloid cells were not suitable as
a prognostic marker for mortality, and their relationship
with MDSC remains to be established [45]. Preclinical
studies in sepsis have reported a protective role of MDSC
via the release of anti-microbial products and by reducing
the magnitude of septic responses [43]. In our study in
non-surgical critically ill patients without severe sepsis,
gMDSC were not associated with nosocomial infections
during the first 7 days of the MICU stay, supporting the
absence of a strict correlation between gMDSC and infec-
tion (data not shown).

High gMDSC levels were correlated inversely with mor-
tality of critically ill patients during the first 7 days after
admission to the MICU, while no association was observed
between neutrophil levels, mMDSC (CD14+HLADRneg/low)
levels and survival. Although the mMDSC cell population
has been proposed as a surrogate marker of immune failure,

Table 2. Correlation of MDSC levels on day 1 with conventional prognostic criteria in critically ill patients.

Prognostic

criteria Statistical test n Rho (95%CI)

P-value for H0:

Rho = 0

gMDSC at day 1 BMI Spearman 28 −0·27 [−0·58; 0·11] 0·15

gMDSC at day 1 SAPS score Spearman 28 0·28 [−0·1; 0·59] 0·14

gMDSC at day 1 SOFA Spearman 28 0·24 [−0·14; 0·56] 0·2

Granulocytic myeloid-derived suppressor cells (gMDSC) levels on day 1 [date of admission to the medical intensive care unit (MICU)] were cor-

related with the various known prognostic factors used to stratify these critically ill patients. Spearman’s test was used for statistical analysis;

n = number of patients. BMI = body mass index; CI = confidence interval; SAPS = simplified acute physiology score; SOFA = sequential organ failure

assessment.
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it is now considered not to provide valuable information on
the outcome of patients, as confirmed by the results of the
present study [46].

Interestingly, a very recent study showed that in critically
ill patients with sepsis, interphase neutrophils recovered
after gradient density was increased. A direct relationship
was demonstrated between ‘interphase neutrophils’ and T
cell dysfunction. Because gMDSC are considered as atypical
neutrophils (immature or activated) with low buoyant
density (‘interphase neutrophils’), these results support our
data and the link between gMDSC and immunosuppression
[47].

To eliminate a bias related to a link between gMDSC
and known clinical prognostic markers to stratify patients,
we demonstrated an absence of correlation between
gMDSC levels and BMI or the SAPS or the SOFA scores
(Table 2).

This novel biomarker clearly needs to be evaluated in a
larger series of patients, but it may provide additional infor-
mation with respect to other biomarkers [procalcitonin
(PCT), soluble triggering receptors expressed on myeloid
(sTREM1), soluble urokinase-type plasminogen activator
(suPAR), CD64 expressed by neutrophils] proposed to iden-
tify critically ill patients with sepsis [48].

Many studies have emphasized a link between critical
illness and immunosuppression and the low L-arginine
levels, often observed in these patients, were considered
subsequently to be a possible mechanism to explain these
patients’ immune defects [49]. However, several meta-
analyses and our own study failed to demonstrate the clini-
cal benefit of L-arginine supplementation [21,50]. As the
present study proposed that L-arginine depletion may be
due partly to the high gMDSC levels present in these criti-
cally ill patients, novel therapeutic strategies designed to
deplete these immunosuppressive cells could be more rel-
evant than simple L-arginine supplementation as, in addi-
tion to arginase expression, other mechanisms (reactive
oxygen species, PGE2, IL-10, etc.) also mediate the suppres-
sive and deleterious effects of gMDSC, which could mask
the beneficial effect of L-arginine supplementation alone.
Interestingly, various compounds (Cox-2 inhibitors, syn-
thetic triterpenoids, nitroaspirins, phosphodiesterase and
STAT-3 inhibitors, etc.) that block multiple activities of
MDSC have been developed recently [51]. Further studies
are required to determine whether they can be used to
improve immunosuppression of critically ill patients by tar-
geting these novel suppressive cells.

Conclusions

gMDSC are increased and correlate inversely with plasma
arginine and overall survival in critically ill patients. As
gMDSC exert their immunosuppressive activity via multiple
mechanisms (production of PGE2, IL-10, arginase, etc.), it
may be more relevant to target these cells rather than

simply supplementing with L-arginine to improve immu-
nosuppression in critically ill patients.
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Supporting information

Additional Supporting information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. Consort flow diagram.
Fig. S2. Gating strategy to measure granulocytic
monocytic granulocytic myeloid-derived suppressor cells
(MDSC) and monocytic MDSC. (a) To measure granulo-
cytic MDSC, peripheral blood mononuclear cells (PBMC)
were stained with anti-lineage (LIN) fluorescein
isothiocyanate (FITC), including anti-CD3, -CD19, -CD56,
-CD14 and phycoerythrin (PE)-labelled anti-CD33 and
allophycocyanin (APC)-labelled anti-human leucocyte
antigen D-related (HLA-DR). Following the initial
forward/side-scatter (FSC/SSC) discrimination to eliminate
cell debris and singlet selection (FSC-H versus FSC-A), the
gate was set on LIN-negative cells, then gated on CD33+

cells, and finally the percentage of HLA-DRneg/low cells was
measured on these gated populations to define the

percentage of granulocytic MDSC in total PBMC. (b) To
measure monocytic MDSC, cellular debris were first elimi-
nated by a gating on FSC/SSC and then PBMC were
stained with FITC-labelled CD14 and allophycocyanin
(APC)-labelled HLA-DR. Isotype control antibodies were
included in each experiment.
Fig. S3. Comparative analysis of granulocytic myeloid-
derived suppressor cells (MDSC) defined by various com-
binations of markers. Granulocytic MDSC were defined as
either lineage (LIN)neg (including CD14neg cells) HLA-DRneg

CD33+ or CD15+ CD14neg HLA-DRneg in total peripheral
blood mononuclear cells (PBMC). They were then plotted
on a figure and correlations were searched between these
two populations using Spearman’s test.
Fig. S4. Absence of correlation between the age and the
gender and granulocytic myeloid-derived suppressor cells
(gMDSC) concentrations in critically ill patients. gMDSC
were measured in the blood of critically ill patients and
their levels compared with the age (a) and the gender (b)
of patients. The correlations were searched using Spear-
man’s test.
Table S1. No difference in the percentage of myeloid-
derived suppressor cells (MDSC) before and after
L-arginine administration in the two randomized groups of
patients.
Table S2. Primary medical reasons for admission to the
medical intensive care unit.
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