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Abstract

Acute systemic inflammation can lead to life-threatening organ dysfunction. In patients with sepsis, systemic inflammation is triggered in re-
sponse to infection, but in other patients, a systemic inflammatory response syndrome (SIRS) is triggered by non-infectious events. IL-6 is a
major mediator of inflammation, including systemic inflammatory responses. In homeostatic conditions, when Il-6 engages its membrane-
bound receptor on myeloid cells, it promotes pro-inflammatory cytokine production, phagocytosis, and cell migration. However, under non-
physiologic conditions, such as SIRS and sepsis, leucocyte dysfunction could modify the response of these cells to IL-6. So, our aim was to
evaluate the response to -6 of monocytes from patients diagnosed with SIRS or sepsis. We observed that monocytes from patients with
SIRS, but not from patients with sepsis, produced significantly more TNF-a. than monocytes from healthy volunteers, after stimulation with IL-6.
Monocytes from SIRS patients had a significantly increased baseline phosphorylation of the p65 subunit of NFkB, with no differences in STAT3
phosphorylation or SOCSS3 levels, compared with monocytes from septic patients, and this increased phosphorylation was maintained during
the IL-6 activation. We found no significant differences in the expression levels of the membrane-bound I1-6 receptor, or the serum levels of |1-6,
soluble IL-6 receptor, or soluble gp130, between patients with SIRS and patients with sepsis. Our results suggest that, during systemic inflam-
mation in the absence of infection, |6 promotes TNF-a production by activating NF-kB, and not the canonical STAT3 pathway.
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Introduction [1, 2]. Biologically, SIRS is a deregulated host response to
alarmins or damage-associated molecular patterns (DAMPs)
that triggers acute systemic inflammation. On the other hand,
sepsis is defined as a deregulated host response to infection
that causes life-threatening organ dysfunction [3-5]. Patients
with acute and severe systemic inflammation include both

The systemic inflammatory response syndrome (SIRS) can
be triggered by non-infectious events, such as surgery, acute
pancreatitis, and burn injuries, and is clinically defined by
nonspecific criteria (fever or hypothermia, tachycardia, tach-
ypnea, hypoxia and leucocytosis, leukopenia or bandemia)
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patients with sepsis and patients with SIRS [6]. Sepsis is a
leading cause of morbidity and mortality in intensive care
units worldwide, with 27 to 30 million cases reported annu-
ally and 7 to 9 million deaths [7]. In both SIRS and sepsis,
systemic inflammation is associated with the activation of
endothelial cells and of the complement and the coagulation
systems. The systemic effects of pro-inflammatory cytokines
can lead to increased capillary permeability and to organ
failure, while the anti-inflammatory response can lead to im-
munosuppression and a higher risk to develop secondary in-
fections. During systemic inflammation, many immune cells
undergo apoptosis, including T cells, B cells, NK cells, and
dendritic cells, and the remaining T cells express markers of
cell exhaustion. In addition, the antimicrobial capacity of
neutrophils, monocytes, and macrophages is impaired, and
the production of pro-inflammatory cytokines by monocytes
and macrophages is reduced [8-12].

IL-6 is produced early in the inflammatory process and
causes maturation and activation of neutrophils, maturation
of macrophages, and differentiation and maintenance of cyto-
toxic T cells and NK cells; it also stimulates TNF-a and IL-1f3
production [13]. Additionally, IL-6 induces the release of
acute-phase proteins (C-reactive protein, amyloid A protein,
and fibrinogen) by hepatocytes [14]. IL-6 is recognized by
a membrane IL-6 receptor (mIL-6R) that is expressed on
monocytes, neutrophils, and hepatocytes [15]. Upon IL-6
recognition, mIL-6R associates with two molecules of the
signal-transducing glycoprotein 130 (gp130), which acti-
vate the JAK-STAT3 pathway and the phosphatidylinositol
3-kinase-dependent pathway, in what is known as the canon-
ical or classic IL-6 signalling [16]. SOCS3 is an inhibitor of
the JAK-STAT3 pathway, because this molecule inhibits the
JAK-mediated tyrosine phosphorylation of gp130, and thus
prevents the binding, phosphorylation, dimerization, and nu-
clear translocation of STAT3 [17]. The soluble IL-6 receptor
(sIL-6R) is generated as a result of the cleavage of mIL-6R
by the membrane-bound proteases ADAM10 and ADAM17
[18]. IL-6, in a complex with sIL-6R, can activate cells that
lack mIL-6R but express gp130, in what is known as IL-6
trans-signalling [19]. Endothelial cells lack mIL-6R, but are
nevertheless activated by IL-6 trans-signalling to release the
chemokines IL-8 and MCP-1, amplifying the IL-6-mediated
inflammatory response [20]. A soluble form of gp130 binds
to the IL-6/sIL-6R complex and inhibits IL-6 trans-signalling,
but has no effect on classic IL-6 signalling [21].

The canonical IL-6 signalling induces the acute-phase re-
sponse in hepatocytes and immune cells, and has protective,
regulatory, and anti-apoptotic functions [22]. However, during
systemic inflammation, the recognition of IL-6 is associated
with inflammatory disorders, since STAT3 increases MyD88-
and MAPK-dependent signalling. These two signalling path-
ways are activated by the recognition of pathogen-associated
molecular patterns (PAMPs) and DAMPs and trigger the ac-
tivation of the transcription factors NF-xB and p38, respect-
ively, thus increasing the release of inflammatory mediators
[23, 24]. Serum IL-6- and the IL-6-induced C-reactive protein
are increased in patients with sepsis, compared with patients
with SIRS [25]. However, it is not currently known if mono-
cytes from patients with sepsis have a different capacity to
respond to pro-inflammatory stimuli such as IL-6, compared
with monocytes from patients with SIRS. This work aims to
characterize how monocytes from patients with sepsis or with
SIRS respond to IL-6, analysing the receptors, transcription
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factors and regulatory molecules that participate in IL-6
classic and trans-signalling.

Materials and methods

Healthy volunteers and patients with SIRS or
sepsis

This study was approved by the local Ethics and Scientific
Research Committees of the Specialties Hospital UMAE-HE
Dr. Bernardo Sepulveda Gutiérrez of the Mexican Social
Security Institute (R-2016-3601-185). All healthy volun-
teers and patients (or their family members) signed an in-
formed consent, in accordance with the Helsinki declaration.
Healthy volunteers were between 20 and 60 years old, clinic-
ally healthy and with blood chemistry results within normal
values. Patients included all the individuals between 20 and
60 years old that were admitted into the Intensive Care Unit,
the Internal Medicine Service or the Gastrointestinal Surgery
Service of the Hospital, from January 2016 to December
2019, that were diagnosed with SIRS or with sepsis. Patients
were diagnosed with SIRS when they did not show signs of
infection but presented at least two of the following signs:
fever or hypothermia, tachycardia, tachypnea or hypoxia,
and leucocytosis, leukopenia or bandemia; being their main
underlying diagnosis acute pancreatitis [2]. Patients were
diagnosed with sepsis according to the Third International
Consensus Definitions for Sepsis and Septic Shock [4, 5]. All
the consecutive patients that met these criteria during the in-
dicated period were included in this study. Individuals were
excluded from this study if they were pregnant, had an im-
mune deficiency, an autoimmune disease or were infected
with HIV, hepatitis B virus or hepatitis C virus, or if they had
received an immunosuppressant or an immunomodulator for
more than 3 days immediately before entrance to this study.
For each individual, the results of the white blood cell differ-
ential and serum lactate concentrations were reported. The
quick Sequential Organ Failure Assessment (qSOFA) score
and the Acute Physiology and Chronic Health Evaluation
(APACHE 1I) score were also reported.

Collection of peripheral blood samples

A single peripheral blood sample was taken by venepunc-
ture from the healthy volunteers. A single peripheral blood
sample was taken from the patients, within the first 72 h
after the diagnosis of SIRS or sepsis, as has been done in
previous studies of patients with these pathologies [26]. The
sample was taken from a central catheter with prior asepsis
and drainage of the area. At least 6 mL of peripheral blood
was collected in tubes with lithium heparin (17 TU/mL, BD
Vacutainer, BD Biosciences, San José, CA, reference 367884)
and processed for immunophenotyping and functional ana-
lysis within 4 h after sampling. In addition, 6 mL of periph-
eral blood was collected in tubes without anticoagulant; these
tubes were centrifuged at 2500 rpm for 10 min and the serum
was stored at —70°C until use.

Quantification of serum cytokines and cytokine
receptors

Serum cytokines were quantified with a Cytometric Bead
Array (BD Biosciences) that measures IL-1f3, IL-6, IL-8, IL-10,
and TNF-a (detection limits: 7.2,2.5, 3.6, 3.3, and 3.7 pg/mL,
respectively). The samples were acquired with a FACSAria
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flow cytometer (BD Biosciences). Log-transformed data were
used to construct standard curves fitted to 10 points using
a 4-parameter logistic model. The concentrations in the test
samples were calculated by interpolations in their corres-
ponding standard curves.

The serum concentrations of IL-1Ra, IL-6/ soluble IL-6 re-
ceptor (sIL-6R) complex, and soluble gp130 (sgp130) were
measured with the IL-1Ra/IL-1F3 ELISA kit (R&D Systems,
Minneapolis, MN), the IL-6/sIL-6R DuoSet ELISA kit (R&D
Systems) and the sgp130 ELISA kit (R&D Systems), respect-
ively (detection limits: 18.3, 2.0, and 100 pg/mL).

Quantification of serum lipopolysaccharide
Lipopolysaccharide (LPS) presence in the serum samples
was evaluated with both the PYROGENT Gel Clot Limulus
Amebocyte Lysate assay and the Kinetic Chromogenic
Limulus Amebocyte Lysate Assay (Lonza Bioscience, Basel,
Switzerland). Serum samples were diluted 1:10 in LPS-free
water and inactivated for 15 min at 70°C. A 1:20 dilution of
this preparation was quantified by interpolation in a standard
curve. The sensitivity of the Kinetic Chromogenic Limulus
Amebocyte Lysate assay is 0.0100 EU/mL.

Detection of membrane IL-6 receptor (mIL-6R) on
circulating monocytes

One hundred and fifty microlitres of whole blood were mixed
with 1 mL of erythrocyte lysis solution (0.15 M ammonium
chloride). After 10 min, 1 mL of phosphate-buffered saline
(PBS) was added, and the cells were centrifuged at 350xg for
5 min. Cells were resuspended in 150 uL of PBS, and 50 pL
of this cell suspension (250 000 cells/mL) were mixed with
the following antibodies: anti-CD45/Pacific Blue (BioLegend,
clone J.33), anti-CD14/PECy7 (BioLegend, clone MSE2),
anti-CD16/APC-Cy7 (BioLegend, clone 3GS8), and anti-
mIL-6R/APC (BioLegend, clone B-R6). After 15 min, 250 puL
of BD FACS lysing solution were added. After 10 min, the
cells were washed with 1 mL of PBS 1x, and acquired in a
FACSAria flow cytometer (BD Biosciences). Data were ana-
lysed with Infinicyt software (Cytognos, Salamanca, Spain).
Monocytes were identified with the following phenotype:
FSCmed SSCmed CD45* CD14*. At least 5000 events from the
monocyte gate were acquired for each sample. In some ex-
periments, monocyte subsets were identified with the fol-
lowing phenotypes: FSC™d SSC™d CD45+* CD14* CD16 for
classic monocytes, FSCm™¢ SSC™d CD45+ CD14* CD16* for
intermediate monocytes, and FSCmd SSC»¢ CD45* CD14-
CD16* for non-classic monocytes (Fig. S1a).

Preparation of recombinant IL-6

Human recombinant IL-6 was purchased from Gibco (Thermo
Fisher Scientific, Waltham, MA), with a purity >95% and
<0.1 ng/pg of LPS. IL-6 was resuspended in 100 mM acetic
acid to a concentration of 0.5 mg/mL and stored in PBS with
0.5% foetal bovine serum, in single-use aliquots, at -20°C.

Determination of intracellular TNF-a by
multiparametric flow cytometry

A whole-blood stimulation assay was used to evaluate TNF-a
production. Five hundred microliters of blood were mixed
with 500 pL of RPMI culture medium from Gibco 1640
(Thermo Fisher Scientific, Waltham, MA), and incubated at
37°C and 5% CO,. The culture medium was supplemented
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with IL-6 (100 ng/mL) and brefeldin A (BioLegend) (5 ng/
mL); with LPS from Escherichia coli O111:B4 (Sigma Aldrich,
St. Louis, MO) (250 ng/mL) and brefeldin A (5 pg/mL); or
with IL-6 (100 ng/mL), followed by LPS (250 ng/mL) and
brefeldin A (5 pg/mL). After the indicated incubation times,
the following antibodies were added: anti-CD45/Pacific Blue
(BioLegend, clone J.33), anti-CD14/PE-Cy7 (BioLegend, clone
MSE2) and anti-CD16/APC-Cy7 (BioLegend, clone 3GS).
After 15 min, 50 pL of Buffer A of the Fix & Perm cell fix-
ation and cell permeabilization kit (Thermo Fisher Scientific)
were added. After 20 min, 1 mL of PBS was added, and the
cells were centrifuged at 350 xg for 5 min. The cells were re-
suspended in 50 pL of Buffer B that contained anti-TNF-a/
PE antibody (BioLegend, clone MAb11) and incubated for
30 min. The cells were washed with 1 mL of PBS and ac-
quired in a FACSAria flow cytometer (BD Biosciences). Data
was analysed with Infinicyt software (Cytognos).

Determination of p-STAT3, SOCS3 and NF-xB p-p65
Fifty microlitres of whole blood were stimulated with IL-6
(100 ng/mL) and incubated at 37°C and 5% CO, for 15, 30,
and 60 min. After this incubation, 500 pL of the BD Phosflow
Lyse/Fix Buffer (BD Biosciences) were added. After 15 min,
1 mL of PBS was added, the cells were centrifuged at 350 x g
for 5 min and the supernatant was discarded. 500 uL of 70%
methanol were added and the cells were incubated for 30 min
on ice. The cells were washed twice with 1.5 mL of PBS, and
the following antibodies were added: anti-CD45/Pacific Blue
(BioLegend, clone J.33), anti-CD14/PE-Cy7 (BioLegend, clone
MSE2), anti-CD16/APC-Cy7 (BioLegend, clone 3G8), anti-p-
STAT-3/Alexa Fluor 488 (BD Biosciences, clone 4/P-STAT3,
anti pY705), anti-SOCS3/PE (Biorbyt, Cambridge, UK, clone
ORB491176), and anti-NF-xB p-p65 Alexa Fluor 647 (BD
Biosciences, clone K10-895.12.50, anti-pS529). After 30 min,
the cells were washed with 1 mL of PBS and acquired in a
FACSAria flow cytometer (BD Biosciences). Data were ana-
lysed with Infinicyt software (Cytognos).

Statistical analysis

Statistical analyses were performed with GraphPad Prism
8.0 software (GraphPad Software, San Diego, CA). The
underlying disease origins were compared with Fisher’s test.
Kruskal-Wallis test with Dunn’s multiple comparisons test
was used to compare all other data between groups. P < 0.05
was considered statistically significant. Exploratory corres-
pondence analysis was performed in R Core Team [27]. The
principal components were calculated from the original data
matrix. The missing and outlier data were replaced centring
the mean in 0 and the variance in 1 for each variable. Principal
component analysis (PCA) was conducted with FactoMineR
[28].

Results

The levels of IL-6 and its receptors are similar
among SIRS and sepsis patients

The effector functions triggered by IL-6 depend on the ex-
pression of mIL-6R on the target cells, and also on the avail-
able sIL-6R, to activate IL-6 classic or trans-signalling [29].
Here we analysed 38 patients (17 with sepsis and 21 with
SIRS) and 15 healthy volunteers. As shown in Table 1, there
were no significant differences in age or gender, respiratory
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Table 1. Demographic and clinical data of the healthy volunteers and the
SIRS and sepsis patients

Healthy SIRS Sepsis
(n=15) (n=21) (n=17)
Age (years) 40«4 45 =17 3813
Gender (F:M) 10:5 14:7 8:9
Survival after 28 days NA 100% 100%
Severity scores
qSOFA (0-3) 0 20=4 2.0+3.5
APACHEII (0-71) NA 4.0=9 9.0+ 10
Underlying disease origin
Abdominal NA 14 (66.7%) 11 (64.7%)
Blood vessels NA 6 (28.6%) 0(0%)+
Brain NA 1(4.8%) 0(0%)
Pulmonary NA 0(0%) 4(23.5%)+
Skin tissue NA 0(0%) 1(5.9%)
Urinary NA 0(0%) 1(5.9%)
Clinical signs
Heart rate (beats/min) 77 +9 88 +28* 94 + 26*
Respiratory rate (breaths/min) 19=+2 17 +2.6 18«35
Blood pressure (mmHg) 108/70 122/78 109/65
Temperature (°C) 36 +0.3 36.5+0.5 36 0.4
Blood cell count (x10%/mm®)
Leukocytes 6.9 +1.5 14.4 = 3.5* 14.7 £ 5.6
Neutrophils 4.0=1.3 13.5 + 3.5*% 22 +3.1*%
Monocytes 0.9+0.1 0.9+0.4 1.5+0.5
Lymphocytes 34=+52 41=1.1 92=+33
Biochemical inflammmation marker
Lactate (mM) 0.5 1.9=1.5 20=1.1

APACHE II, Acute Physiology and Chronic Health Evaluation. NA, not
applicable. qSOFA, quick Sequential Organ Failure Assessment. Data
represent n, n (%) or mean = standard error of the mean.

*P < 0.05 between SIRS or sepsis patients and healthy volunteers, Kruskal-
Wiallis test with Dunn’s multiple comparisons test.

+P < 0.05 between SIRS and sepsis patients, Fisher’s test.

There were no significant differences between SIRS and sepsis patients in
their ages, gender distribution, severity scores, clinical signs, blood cell
counts or lactate concentrations.

rates, blood pressures, and temperatures among groups. Both
the SIRS and sepsis groups had significant increases in heart
rate, compared with the healthy volunteers. Also, the SIRS
and sepsis groups presented leucocytosis with neutrophilia,
although no significant differences were observed in their
lymphocyte counts, compared with the healthy volunteers.
As expected, SIRS and sepsis patients had higher qSOFA
scores than healthy volunteers. We performed an explora-
tory component analysis to determine whether differences
in the variables indicated in Table 1, in addition to weight,
height, and body mass index (BMI), were independent of
the diagnosis (SIRS or sepsis) and/or the underlying disease
origin. The principal component 1 described 84.7% of the
data variation, and indicated that height is the strongest con-
tributing variable (98%) to the observed distribution. In the
corresponding biplots, patients were scattered throughout the
graphs, without clustering according to their diagnosis (SIRS
or sepsis) (Fig. 1a) or their underlying disease origin (Fig. 1b),
indicating that the clinical and biochemical variables analysed
in this study were largely independent of the diagnosis and
the disease origin of the patients.
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The serological concentrations of the pro-inflammatory
cytokines TNF-a, IL-1f, and IL-8 were increased in both SIRS
and sepsis patients, compared to healthy volunteers, as were
the anti-inflammatory cytokines IL-10 and IL-1Ra. However,
no significant differences were observed in the serum cyto-
kine concentrations between SIRS and sepsis patients. We did
not find any differences in serum LPS levels in the analysed
groups (Table 2). We performed an exploratory component
analysis to determine whether the serum cytokine concentra-
tions were independent of the diagnosis (SIRS or sepsis) and/
or the underlying disease origin. The corresponding biplots
indicated that patients did not cluster according to these vari-
ables (Fig. 1c and d).

In agreement with previous reports [30], we found, com-
pared with healthy volunteers, increased levels of IL-6 in the
serum from patients with SIRS and sepsis, with no differences
between them (Fig. 2a). The expression levels of mIL-6R,
which initiates classic IL-6 signalling, on peripheral blood
monocytes, and the serum concentrations of the soluble IL-6
receptor (sIL-6R), which initiates IL-6 trans-signalling, were
not significantly different between the SIRS and sepsis groups
(Fig. 2b and c¢), and the same was observed with soluble
gp130, a negative regulator of IL-6 trans-signalling (Fig. 2d).
The percentages of the classic, intermediate and non-classic
monocyte subsets were not significantly different between
our three study groups (Fig. S1b), and the expression levels
of mIL-6R were not significantly different between the mono-
cyte subsets in any of the study groups (data not shown).

The response to IL-:6 of monocytes from SIRS or
sepsis patients is associated with differences in
NF-xB activation

Since peripheral blood monocytes from SIRS and sepsis pa-
tients can have a differential functional phenotype [31], we
hypothesized that the response to IL-6 would be different in
monocytes from patients with SIRS than in monocytes from
patients with sepsis. Blood from healthy volunteers and from
patients with SIRS or sepsis was treated with IL-6, with LPS
(a TLR4 ligand), or with IL-6 followed by LPS, to evaluate if
IL-6 pre-treatment modified the monocyte response to LPS
in each of the study groups (Fig. 3a), since IL-6 has been
shown to increase PAMP-triggered MyD88-dependent TLR
signalling [19]. Monocytes from patients with SIRS produced
significantly more TNF-a than monocytes from healthy vo-
lunteers after 4 h of treatment with IL-6 (Fig. 3b and ¢). In
fact, after this IL-6 treatment, TNF-a production by mono-
cytes from SIRS patients increased 7-fold, compared with
monocytes from healthy volunteers, while TNF-a production
by monocytes from septic patients was similar to the produc-
tion by monocytes from healthy volunteers (Fig. S2).
Monocytes from septic patients produced significantly less
TNF-a in response to LPS than monocytes from healthy vo-
lunteers (Fig. 3¢). After LPS activation, TNF-a production by
monocytes from healthy volunteers increased 25-fold, com-
pared with non-stimulated cells, while the increase observed
in monocytes from sepsis patients was only 5-fold (Fig. S2).
However, pre-treatment with IL-6 did not affect the levels
of TNF-a produced in response to LPS by monocytes from
healthy volunteers, from patients with SIRS or from patients
with sepsis; under this experimental condition, the levels of
TNF-a produced by monocytes from sepsis patients after
LPS activation remained significantly lower than the levels
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Figure 1: principal component analysis of clinical and biochemical variables, and serum cytokines, in patients with SIRS and sepsis. (A) Principal
component analysis (PCA) of clinical and biochemical variables, for patients grouped into SIRS and sepsis. (B) PCA of clinical and biochemical variables,
for patients grouped according to their underlying disease origin. (C) PCA of serum cytokines, for patients grouped into SIRS and sepsis. (D) PCA

of serum cytokines, for patients grouped according to their underlying disease origin; the “urinary” cluster is not shown in (B) because it does not
influence the first component in this PCA. The explained percentage of the total variance for each component is shown in parentheses.

Table 2: serum markers in the healthy volunteers and patients

Serological concentration Healthy SIRS Sepsis
(n=8) (n=7) (n=12)
TNF-a (pg/mL) 3.6+04 13.7 = 8% 15.5 = 9%
IL-1B (pg/mL) 45+0.1 28.8 x 5% 26.5 + 6%
IL-8 (pg/mL) 159« 8.4 70 = 30% 61.8 =+ 50%
IL-10 (pg/mL) 3.6 0.1 20.6 £ 5% 54.5 = 30%
IL-1Ra(pg/mL) 134.7 = 60.4 2360 = 220* 2353 £233*
LPS(EU/mL) <0.01 <0.01 <0.01

TNF-a, tumour necrosis factor-alpha; IL, interleukin; LPS,
lipopolysaccharide.

Data represent mean = standard error of the mean.

*P < 0.05 between SIRS or sepsis patients and healthy volunteers, Kruskal—
Wallis test with Dunn’s multiple comparisons test.

There were no significant differences in the cytokine or LPS concentrations
between SIRS and sepsis patients.

produced by monocytes from healthy volunteers (Fig. 3¢ and
Fig. S2).

Because STAT3 is the canonical pathway activated by IL-6,
we evaluated STAT3 phosphorylation (p-STAT3) after stimu-
lating the monocytes from SIRS or sepsis patients and from
healthy volunteers with IL-6. After 15, 30, and 60 min of treat-
ment with IL-6, STAT3 phosphorylation showed no signifi-
cant differences among the analysed groups. SOCS3, the major
negative regulator of IL-6, increased its levels in monocytes

from healthy volunteers after 30 min of IL-6 treatment, but was
not modified in monocytes from patients with SIRS or from pa-
tients with sepsis (Fig. 4a, b and ¢). We then evaluated the phos-
phorylation of p65 (p-p65), the pro-inflammatory subunit of
NF-«B [32]. We found that monocytes from SIRS patients had
a significantly increased baseline phosphorylation of p65, com-
pared with monocytes from sepsis patients and from healthy
volunteers, and this increased phosphorylation was maintained
after 30 min of IL-6 treatment. In monocytes from patients with
sepsis and from healthy volunteers, no significant differences in
p-p65 were observed after IL-6 treatment (Fig. 4a, b and ¢).

Discussion

SIRS and sepsis are leading causes of morbidity and mor-
tality in intensive care units worldwide. In a previous study,
we found that patients with SIRS or with sepsis have similar
clinical parameters, symptoms, concentrations of pro- and
anti-inflammatory cytokines, percentages of circulating im-
mune cells, and expression levels of molecules associated
with cellular activation (CD69, HLA-DR) and phagocytosis
(CD16) [33]. However, septic patients have an increased
prevalence of blood neutrophils expressing CD11c and
CDé64, compared with SIRS patients [26]. The SIRS and sepsis
patients included in this study had no significant differences
in their clinical parameters (such as heart rate, respiratory
rate, blood leukocytes or gSOFA score or APACHE 1I score).
The serum levels of LPS, a TLR4 ligand that is derived from
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Figure 2: The levels of serum -6 and its receptors are similar in patients with SIRS or sepsis. (A) Serum concentration of [L-6 in healthy volunteers

(n = 8), patients with SIRS (n = 7) and patients with sepsis (n = 12). (B) Mean fluorescence intensity (MFI) of the I.:6 membrane receptor (mIL-6R) on
peripheral blood monocytes (FSCmed SSCmed CD45* CD14+) of healthy volunteers (n = 9), patients with SIRS (n = 7) and patients with sepsis (n = 11).

(C) Serum concentration of the soluble I1-6 receptor (sIl-6R) in healthy volunteers (n = 5), patients with SIRS (n = 8) and patients with sepsis (n = 11).
(D) Serum concentration of the soluble gp130 receptor (sgp130) in healthy volunteers (n = 7), patients with SIRS (n = 16) and patients with sepsis (n =
16). Graphs represent individual data (each symbol represents data from one individual), mean and standard error of the mean. ns, not significant, **P <

0.01, ***P < 0.001, Kruskal-Wallis test with Dunn’s multiple comparisons test.

Gram-negative bacteria, were not significantly increased in
the sepsis patients. In addition, principal component analysis
indicated that the clinical and biochemical variables analysed
in this study were largely independent of the diagnosis (SIRS
or sepsis) or the disease origin of these patients.

The SIRS and sepsis included in this study had leucocyt-
osis with neutrophilia, but no significant differences were ob-
served in their lymphocyte counts, compared to the healthy
volunteers. This is in contrast with previous studies that re-
port apoptosis-induced lymphopenia in patients with SIRS
and sepsis [34]. However, this lymphopenia is usually associ-
ated with poor clinical outcomes [34]. All of the patients in-
cluded in this study had a positive clinical outcome (survival
after 28 days), which could explain why they did not have
lymphopenia within the first 72 h after the diagnosis of SIRS
or sepsis.

Both groups of patients had increased serum levels of
pro- and anti-inflammatory cytokines, and this mixed cyto-
kine environment has been described as mixed antagonist
response syndrome [35, 36]. We found no differences in
the serum IL-6 concentrations between SIRS and sepsis pa-
tients. Selberg et al. reported that the plasma concentrations
of procalcitonin and C3a (a key product of complement

activation) are significantly higher in patients with sepsis
than in patients with SIRS [25]. These authors also found
that IL-6 levels are increased in patients with sepsis, com-
pared to patients with SIRS; however, their sepsis group
includes patients with septic shock. Our study included pa-
tients that were diagnosed with sepsis according to the Third
International Consensus Definitions for Sepsis and Septic
Shock [4, 5], but did not include patients with septic shock,
which could explain the absence of increased serum IL-6
concentration in our patients with sepsis, compared with
those with SIRS.

In addition to changes in serological markers, functional
differences have been reported in the peripheral blood
monocytes from SIRS and sepsis patients. Reyes et al. iden-
tified eight genes (PLACS, CLU, RETN, CD63, ALOXS5AP,
SEC61G, TXN, and MT1X) whose co-expression in per-
ipheral blood monocytes allowed the discrimination of pa-
tients with sepsis from patients with sterile inflammation
[31]. Here we investigated if peripheral blood monocytes
from patients with SIRS and from patients with sepsis had
a differential response to IL-6, and we analysed the recep-
tors (soluble or membrane-bound), transcription factors and
regulatory molecules involved in this response. We found no
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Figure 3: |1-6-induced TNF-a is increased in monocytes from patients with SIRS. (A) Representation of the experimental conditions. (B) Dot plots
representing TNF-a. production in peripheral blood leukocytes from a healthy volunteer, a patient with SIRS and a patient with sepsis, with or without
stimulation with IL-6 (100 ng/mL) for 4 h. The black region in the dot plots represents the monocytes (SSC™). (C) Peripheral blood was cultured with
RPMI alone, or with RPMI supplemented with 16 (100 ng/mL) and brefeldin A (5 pg/mL) for 4 h; with LPS (250 ng/mL) and brefeldin A (5 ug/mL)

for 2 h; or with 116 (100 ng/mL) for 4 h, followed by LPS (250 ng/mL) and brefeldin A (5 ng/mL) for 2 h [healthy volunteers (circles), n = 4; patients
with SIRS (squares), n = 5; patients with sepsis (triangles), n = 5]. Production of TNF-o. by monocytes (FSC™¢ SSC™e¢ CD45* CD14+) was analysed by
flow cytometry. The mean fluorescence intensity (MFI) of TNF-a is shown. Graphs represent individual data (each symbol represents data from one
individual), mean and standard error of the mean. Data from healthy volunteers, patients with SIRS and patients with sepsis with the same treatment
were analysed with Kruskal-Wallis test and Dunn’s multiple comparisons test. *P < 0.05, **P < 0.01.

differences in mIL-6R expression levels on monocytes, or
in the serum concentrations of IL-6/ sIL-6R complex and
sgp130, between the patients with SIRS and the patients
with sepsis. Plasma or serum IL-6 concentrations have been
reported to be very low in healthy volunteers (1-10 pg/
mL). In contrast, sIL-6R levels range from 25 to 75 ng/mL
and sgp130 levels range from 100 to 400 ng/mL in healthy
volunteers. In acute or chronic systemic inflammatory pro-
cesses, the levels of sIL-6R and sgp130 do not change signifi-
cantly, while IL-6 levels increase [29], which is in agreement

with what we report regarding the levels of these molecules.
These results indicate that the main molecules involved in
IL-6 recognition are found at similar level in patients with
SIRS and sepsis. In the sepsis group, the levels of mIL-6R ex-
pression defined two clusters of patients (Fig. 2b). However,
these levels of mIL-6R did not correlate with the amount of
TNF-a that was produced in response to IL-6, or with the
phosphorylation of the p65 subunit of NF-xB in response
to IL-6 (Spearman’s rank correlation coefficient <0.6, P >
0.05).
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Figure 4: NF-xB activation, but not the canonical STAT3 IL-6 pathway, is increased in patients with SIRS. (A) Histograms showing fluorescence minus
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each group). (B) Heat maps representing the mean fluorescence intensity (MFI) of p-STAT3, SOCS3, and p-p65 (NF-kB) in monocytes, after activation
of peripheral blood with 100 ng/mL of 116 for 15, 30, and 60 min (each column represents the results of a healthy volunteer, a patient with SIRS or a
patient with sepsis). (C) Activation kinetics of p-STAT-3, SOCS3, and p-p65 (NF-kB) in monocytes, after activation of peripheral blood with 100 ng/mL of
IL-6; the graphs represent means and standard error of the mean. Kruskal-Wallis test with Dunn's multiple comparisons test. For SOCS3: *P < 0.05 in
healthy volunteers vs. patients with sepsis at 30 min. For p-p65 (NF-kB): *P < 0.05 in healthy volunteers vs. patients with SIRS at 0 and 30 min. #P <

0.05 in patients with SIRS vs. patients with sepsis at 0 and 30 min.

Monocytes are essential effector cells during inflamma-
tion. During acute systemic inflammation, monocytes de-
crease their phagocytic capacity [33] and their capacity to
produce pro-inflammatory cytokines in response to TLR lig-
ands [37]. A first exposure to a pro-inflammatory stimulus
induces chromatin modifications and changes in microRNAs
that lead to a reduced production of pro-inflammatory
cytokines after a second exposure to the pro-inflammatory
stimulus. This observation was first reported for LPS, which
is a TLR4 ligand, and so it is known as endotoxin tolerance
[37]. However, monocyte tolerance also occurs in response
to other TLR agonists and to cytokines, such as IL-18 [37,
38]. TNF-a. is considered as one of the best markers of endo-
toxin tolerance, although other cytokines, including IL-6 and
IL-1B, behave similarly [39, 40]. Pre-exposure of monocytes

to infectious microorganisms not only alters their subse-
quent response to TLR ligands: it also decreases the activa-
tion of signalling pathways associated with cytokines, such
as STAT3 and STAT1 [41]. However, it is currently unknown
if monocytes from patients with SIRS and from patients with
sepsis respond differentially to IL-6. Here we report that
monocytes from patients with SIRS, but not from patients
with sepsis, produced TNF-a after a 4-h activation with IL-6.
The monocytes from both groups of patients were func-
tional, since they produced TNF-a after activation with LPS,
and the monocytes from the patients with sepsis produced
less TNF-a than the monocytes from the healthy volunteers
in response to this TLR4 ligand, which is in accordance with
previous reports of tolerance to LPS in monocytes from pa-
tients with sepsis [42].
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To establish if the canonical pathway activated by IL-6 is
involved in the differential production of TNF-a by mono-
cytes from patients with SIRS that we observed, we evalu-
ated p-STAT3, SOCS3 (its mayor negative regulator) and the
p-p65 subunit of NF-kB. No differences were observed in the
phosphorylation levels of STAT3 in monocytes from healthy
volunteers or from patients with SIRS or sepsis, but the levels
of SOCS3 were increased in healthy volunteers, which in-
dicates that classic IL-6 signalling was tightly regulated in
these individuals. The baseline phosphorylation of p65 was
increased in monocytes from patients with SIRS, compared
with patients with sepsis and healthy volunteers, and this
phosphorylation was maintained during IL-6 treatment. The
p635 subunit of NF-xB binds to the TNF-a promoter and in-
duces its transcription [43]. During acute systemic inflamma-
tion, STAT3 can increase PAMP-triggered MyD88-dependent
TLR signalling [19, 23] and, at least in hepatocyte-derived
cell lines, NF-kB and STAT3 can interact directly and induce
a distinct transcription profile [44]. Our results suggest that
the IL-6 activation of monocytes from patients with SIRS, but
not from patients with sepsis, could lead to TNF-a produc-
tion through the activation of NF-kB.

A limitation of this study is the timing of blood sampling,
which occurred within the first 72 h after the diagnosis of SIRS
or sepsis. Since the serum concentration of cytokines and the
expression levels of immunological markers on leukocytes can
be highly dynamical in these pathologies [45, 46], the immune
status of a patient 12 h after diagnosis could differ from the
status of the same patient 72 h after diagnosis. However, prin-
cipal component analysis of the SIRS or sepsis patients included
in this study indicated that they did not cluster according to their
serum cytokine concentrations, suggesting that the timing of
blood sampling was equally spread between the two groups of
patients. The patients included in this study are relatively young,
with mean ages (45 for SIRS patients and 38 for septic patients)
that are associated with the lowest occurrence of sepsis-related
deaths worldwide (according to the principal component ana-
lysis, age is independent of the SIRS or sepsis diagnosis). Sepsis-
related deaths increase sharply after 65 years [7], so it will be
interesting to analyse the effects of IL-6 on monocytes from
older patients, which tend to have increased systemic chronic
inflammation [47] and would be expected to have higher base-
line phosphorylation of p65 than younger patients.

The uncontrolled release of cytokines during systemic in-
flammation is associated with activation of the coagulation
pathway and of vascular endothelial cells, leading to increased
mortality. As a result, the neutralization of these cytokines
has been explored as a therapeutic strategy for these patients
[48]. As of January 31, 2021, there were seven anti-IL-6 or
anti-IL-6R monoclonal antibodies and seven small-molecule
inhibitors of the JAK-STAT3 pathway, in phase 2 or phase 3
study, or already approved for the treatment of chronic dis-
eases, including rheumatoid arthritis [49]. One of these anti-
bodies is Tocilizumab, which acts as an IL-6R antagonist and
has been explored as a potential treatment for patients with
SIRS, with sepsis and with severe COVID-19 [50, 51]. In a rat
model of sepsis, Tocilizumab attenuates acute lung and kidney
injuries and increases survival, mainly by inhibiting NF-B ac-
tivation and JNK signalling [52], and in patients hospitalized
for COVID-19, Tocilizumab decreases mortality, especially if
it is used with corticosteroids [53]. Understanding the differ-
ential role of IL-6 in patients with SIRS and in patients with
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sepsis is important not only to clarify the physiopathology of
these syndromes but also to assess the effectiveness of ther-
apies that block this cytokine or its receptors, and to avoid
their future indistinct use in SIRS and sepsis patients.

Supplementary data

Supplementary data is available at Clinical and Experimental
Immunology online.

Supplementary Figure 1. Analysis algorithm for monocytes,
and proportion of monocyte subsets in patients with systemic
inflammation. (A) For the identification of total leukocytes,
we used three dot plots: size-height (FSC-H) vs. size-area
(FSC-A), which allows us to distinguish the events that were
individually acquired by the cytometer (singlets); complexity-
area (SSC-A) vs. size-area (FSC-A), in which we can select the
events that present the classic size and complexity of viable
human peripheral blood leukocytes; and complexity-area
(SSC-A) vs. CD45 expression, with which we can discrim-
inate leukocytes (CD45+, to different degrees) from the re-
maining erythrocytes (CD435-). Monocytes were identified as
FSCmed SSCmed (black region in the dot plots) CD45* CD14+;
mlIL-6R expression and TNF-a production were determined
in these cells. In some experiments, the FSC™ SSCmed CD45*
events were selected, and from these events, monocyte subsets
were identified as follows: classic monocytes (FSCmed SSCmed
CD45* CD14* CD16), intermediate monocytes (FSCmed
SSCmed CD45™¢ CD14* CD16%), and non-classic monocytes
(FSCmed SSCmed CD45* CD14- CD16*). (B) Comparison of the
percentages of each monocyte subset between healthy volun-
teers (7 = 9) and patients with SIRS (7 = 8) or sepsis (7 =11) is
shown. Graphs represent individual data, mean, and standard
error of the mean. Kruskal-Wallis test with Dunn’s multiple
comparisons test.

Supplementary Figure 2. IL-6-induced TNF-a is increased
in monocytes from patients with SIRS. Peripheral blood was
cultured with RPMI alone, or with RPMI supplemented with
IL-6 (100 ng/mL) and brefeldin A (5 pg/mL) for 4 h; with
LPS (250 ng/mL) and brefeldin A (5 pg/mL) for 2 h; or
with IL-6 (100 ng/mL) for 4 h, followed by LPS (250 ng/mL)
and brefeldin A (5 pg/mL) for 2 h [healthy volunteers (circles),
n = 4; patients with SIRS (squares), 7 = 5; patients with sepsis
(triangles), 7 = §]. Production of TNF-a by monocytes (FSCme
SSCmed CD45+ CD14+) was analysed by flow cytometry. The
fold-increase of TNF-a production (normalized to non-
stimulated blood samples) is shown. Graphs represent indi-
vidual data, mean, and standard error of the mean. *P < 0.05,
**P < 0.01, Kruskal-Wallis test with Dunn’s multiple com-
parisons test.
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