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Abstract: Sepsis is a life-threatening condition with high hospital mortality. Elevated mortality has
also been observed in patients after hospital discharge due to post-sepsis syndrome (PSS). The eti-
ology of PSS is still not entirely known, but it involves inflammation. Plasma extracellular vesicles
(EVs) are recognized as a unique mechanism of intercellular communication in inflammatory pro-
cesses. It has been reported that EV microRNA (miRNA) production during the acute sepsis phase
may persist until after disease resolution and is associated with PSS. We employed mass spectrom-
etry and qPCR analysis to determine the protein and miRNA composition of plasma-derived EVs
of 36 patients during sepsis-related hospitalization, immediately after ICU discharge (post-sepsis),
and three, six, twelve, and up to 36 months post-sepsis. We determined that patients’ immune sys-
tem cells were the primary EV source. Fifteen differentially expressed EV miRNAs (DEmiRs) were
identified in samples from septic patients compared to the control group. Predictive analyses re-
vealed that these DEmiRs could influence inflammation by modulating pathways mediated by NF-
kB, STAT3, and TLR4 signaling activation. Thirteen miRNAs (-15b-5p,-16-5p,-20a-5p,-25-3p,-27a-
3p,-29a-3p,-30d-5p,-93-5p,-146a-5p,-148a-3p,-191-5p,-195-5p,-223-3p) were downregulated in the
death group compared to the survivor group, making them candidate prognostic markers of ICU
survival. One year after ICU discharge, the expression of miR-21-5p and miR-195-5p were decreased
in the survivor group. The miRNAs identified in the present study represent potential biomarkers
for the survival prognosis of post-sepsis patients.
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1. Introduction

Sepsis is characterized by a dysregulated systemic response to microbial pathogens
resulting in a disproportionate inflammatory response, multiple organ failure and/or
death [1]. According to the World Health Organization [2], sepsis affects ~49 million peo-
ple and accounts for 19.7% (~11 million) of annual deaths worldwide [3].

Sepsis mortality is estimated to be 25-30% [4] for patients not requiring admission to
an intensive care unit (ICU) and 42% for those admitted [2]. Many septic patients die fol-
lowing hospital discharge due to sepsis sequelae. For example, after one year, one in three
adult post-sepsis patients die [2]. After five years, sepsis patients have a mortality rate of
82-100% [5, 6]. Moreover, ~50% of post-sepsis deaths are caused by recurrent infections,
cardiovascular diseases [7] and post-sepsis syndrome (PSS) [2, 8]. It has been reported that
PSS affects one in six survivors [2, 8], impairing immune, cognitive, psychiatric, cardio-
vascular, and renal functions and ultimately reducing the patient's quality of life. How-
ever, it remains unclear why some patients develop this condition, and others do not [6,
9-12].

Sepsis stimulates immune and inflammatory responses with marked increases in
plasma cytokine levels [13] that can persist at a low subclinical level even after hospital
discharge [14]. Communication between immune and organ cells influences the events
triggered by invasive pathogens [15]. Intercellular extracellular vesicle (EV) mediated
communication exists in inflammatory and malignant diseases. These EVs are released
from the surface of cells, endosomes and plasma membranes [16] and transport cargo,
including [17, 18] cell-originated proteins, lipids, DNA, mRNA, and microRNAs (miR-
NAs). Previous proteomic analyses identified cell/tissue-specific EVs [19, 20]. In this sense,
EV protein and miRNA content alterations have diagnostic and therapeutic potential [21-
24].

EV miRNAs consist of small (20-25 nucleotides) non-coding RNA that can post-tran-
scriptionally regulate gene expression by modulating mRNA translation and degradation
[25]. Each miRNA can target hundreds of mRNAs, and multiple miRNAs can control the
expression of a single mRNA [26]. The action of EV miRNAs on receptor cells varies de-
pending on EV cell origin and gene specificity of the miRNA. Additionally, miRNA ex-
pression varies dynamically in healthy and diseased states due to their roles in intracellu-
lar processes and cell homeostasis [27].

Plasma procalcitonin (PCT) [28], C-reactive protein (CRP) [29], lactate [4, 30], and
interleukin-6 (IL-6) levels during the acute sepsis phase have been used as biomarkers for
diagnosing and predicting septic patient outcomes [31]; however, these molecules some-
times exhibit high plasma levels in non-septic patients [32]. Interestingly, altered EV
miRNA expression that persists even after sepsis resolution has been associated with in-
creased PSS-linked patient mortality rate following hospital discharge [33]. Several stud-
ies have shown that miRNAs can regulate TLR-mediated innate immune response, NF-
kB signaling, and inflammatory cytokine production [16]. Furthermore, altered miRNA
expression can aggravate the disease course and enhance PSS mortality [34].

Previous investigations were performed using patient data after ICU admission
and/or during hospitalization to evaluate the diagnostic and prognostic potential of EV
miRNAs [15, 27, 33, 35-37]. However, none of these studies followed up on the EV miRNA
alterations after ICU discharge. Thus, little is known about the effect of sepsis on long-
term EV miRNA expression patterns. Herein, we sought to determine EV cell origin and
identify potential disease and survivor biomarkers by monitoring EV miRNA expression
patterns of septic patients from disease onset up to three years following hospital dis-
charge.
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2. Results and Discussion
2.1. Clinical data and Characterization of extracellular vesicle

As shown in Table 1, no significant differences were found in the clinical character-
istics (complete data in Supplementary Material Tables S2 and S3). The majority of pa-
tients were male (63.9%). Hypertension (58.3%) and diabetes (38.9%) were the most fre-
quent comorbidity in septic patients. Pulmonary infections were the predominant cause
of sepsis (33.3%), while abdominal cavity infections accounted for 25% of the cases. Of the
total number of enrolled patients, 47.2% died during the study. Complementary labora-
tory data can be accessed in Gritte, Souza-Siqueira et al., 2022.

EVs were isolated from human plasma and analyzed using a Nanoparticle Tracking
Analysis (NTA) technique, immunodetection protein CD9, CD63, HSP70, Cytochrome
and Transmission Electron Microscopy (TEM) (Supplementary Material - Figure S1-S3).
The EVs presented the characteristic circular shape and size range, as described by
Willms, et al. [38].

We cannot exclude the possible interference of contaminants in this analysis since
apolipoprotein contamination was detected in all samples analyzed. Nor can we say that
all microRNAs come exclusively from EVs. Additionally, as reported by Karttunen, et al.
[39], there is the possibility of plasma miRNA and lipoprotein co-precipitation.

2.2. Systemic Inflammatory mediators

Serum CRP concentrations in the survivor and death groups were significantly
higher than the reference (5 mg/L) and control group values during phases A and B. The
plasma CRP levels were increased in phase B of the death group compared to survivors
in the same phase. In phases C-F, plasma CRP concentrations of the survivor group re-
mained above reference values but were not significantly different from the control group
(Supplementary Material Table 54).

In control groups, only IL-6 was upregulated in phases A and B of survivor patients
(Figure 1D and Supplementary Material Table S5).

In over time analyses by vital status (death or survivor) of septic patients, there were
differences in the plasma levels of IL-10, TNF-a, and IL-13 between the two groups. The
results of these analyses are presented in Supplementary Material Table S6.

Additionally, survivor and dead septic patients were compared in phase A by vital
status, and patients of the death group showed higher plasma levels of IL-6 and IL-10
(Supplementary Material Table S7).

2.3. Functional-enrichment analysis for Gene Ontology terms

Comparing the global analysis of plasma EVs by mass spectrometry and searching
the Uniprot database, 125 proteins were found in the two groups (Supplementary Mate-
rial Table 58). The cellular components” analyses through PANTHER indicated that 88
(70%) of the proteins are EV marker proteins (p=8.97).

The biological process with the highest number of identified proteins was the re-
sponse to stimuli, with 86% (n=107; p=2.02%), followed by the regulation of biological pro-
cesses, 78% (n=98; p=6.9677). The response to stress was 71% (n=89; p=2.80!), the immune
system functioning was 61% (n=76; p=5.64%), and the immune response was 54% (n=68;
p=2.8541).

The featured PANTHER protein class was immunoglobulin, with twenty-six repre-
sentatives identified using proteomics.

For tissue specificity, the Human Protein Atlas indicated that 27% of proteins identi-
fied in proteomics are from lymphoid tissues (Supplementary Material Table S9).

Next, we sought to identify which proteins presented statistical differences among
the groups. Of the 125 proteins, 48 had statistical differences in the death group compared
with survivors. According to PANTHER, the biological processes with significant
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relevance are the response to stimulus (77%; n=37; p=1.367), immune system functioning
(52%; n=25; p=8.1412) and defense response (48%; n=23; p=2.01-4).

2.4. Expression profile of DEmiRs in septic patients

Fifteen of the 84 qPCR array miRNAs were differentially expressed (DEmiRs) and
downregulated in the death group compared to survivors. The mirBase IDs, p-values, and
fold change of these miRNAs are summarized in Supplementary Material Table S10. The
functional Enrichment (FunRich) analysis tool v3.1.4 [40] revealed that these 15 miRNAs
modulate 3,219 targets and the MiRWalk 3.0. databank [41] predicted that 14 DEmiRs
modulate the expression of common mRNAs.

All miRNAs were downregulated in phase B when comparing all phases of the sur-
vivor and control groups (Figure 2A-20 and Supplementary Material Table 511). How-
ever, in phase A, only miR-29a-3p, 146a-5p, and 148a-3p were not downregulated. No
statistical differences were detected in Phases C and F. In Phase D, all miRNAs, except for
miR-25-3p and miR-126-3p, were also downregulated. Furthermore, in Phase E, only miR-
NAs 21-5p and 195-5p were downregulated.

In general, miRNAs exhibited similarity in phases' expression trend (Figure 3). The
expression of all these miRNAs changed over time, with differences between the death
and survivor groups, except for miRNA 29a-3p and 146a-5p. Complete data can be found
in Supplementary Material Table S12.

Septic patients' mortality over time followed an increase-decrease dynamic for all
miRNAs expression. Although Phases A and B exhibited low expression of all miRNAs,
no significant difference was detected between them. Besides miR-146a-5p, Phases C and
D had increased and decreased miRNAs expression, respectively. In phase E, there was a
statistically significant increase of miR-21-5p compared to the previous phase. We also
observed instability in the dynamics in Phase F, in which the expression of some miRNAs
was downregulated and others upregulated, but none differed between groups (Supple-
mentary Material Table S13).

There was no difference between the survivor and the death groups for miRNAs 21-
5p and 126-3p expression, and the other miRNAs were significantly lower in vital status
from phase A (Supplementary Material Table S14).

Lehner, et al. [42] stated that the source of plasma EVs could promote sepsis progres-
sion or resolution [16]. Specific proteins found in EVs usually indicate their tissue or or-
gan's origin, which can be identified by proteomic approaches [19, 20]. Although protein
specificity is related to its origin, the EV pool is not exclusively from one tissue only [19,
20]. Herein, we identified 125 proteins in plasma EVs collected during the acute phase of
sepsis in ICU-admitted patients. Of this total, 34 proteins are from lymphoid tissues, and
20 originated from B lymphocytes, strongly indicating the immune cell origin [43, 44].
Many of these proteins are related to the acute inflammatory response, which significantly
affects the immune response, innate immune function, and homeostasis. For example, the
protein alpha-2-macroglobulin (A2MG) - detected in proteomic analysis in both groups,
according to Lashin, et al. [45], is expressed in neutrophil microvesicles and has an im-
portant role as a protective factor in experimental sepsis as well as an association with
high survival rates.

Intracellular LPS plays a vital role in activating the immune response in vitro and can
induce increased cytotoxic activity. Upon initial events that trigger the immune response,
LPS can be cell internalized by different mechanisms, such as the LPS-LBP complex. Lip-
opolysaccharide-Binding protein (LBP) is an acute phase protein that promotes an im-
mune response after recognition and binding to bacterial LPS; once this complex is
formed, it reaches the cytosol and activates intracellular receptors that generate cytotoxic
effects. Once activated, the cell secretes IL-1a/[3, IL-6, and IL-18 and undergoes pyroptosis,
an inflammatory form of cell death. Macrophage pyroptosis also exacerbates the inflam-
mation state, contributing to high mortality in sepsis [46].
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We identified the presence of LBP in EVs in the survivor and death groups. During
the inflammatory process, EVs have a relevant role in intercellular communication. It is
plausible that EVs carry the LPS-LBP complex from one cell to another to enhance the
immune response mediated by the activation of intracellular LPS signaling.

Another important mechanism in the internalization of LPS is via HMGB1, which
binds to LPS and guides its internalization to macrophage lysosomes, leading to the acti-
vation of caspase-11 and pyroptosis [47]. Previously our group demonstrated upregulated
gene expression of products and mediators of the non-classical (IL-1a and HMGB1 and
caspase 11) and classical (IL-1{3, IL-18, NLRP3, CASPASE 1) inflammation pathways in
the monocytes of septic patients [48]. The increased expression of HGMB1 and LBPA pro-
teins may be closely linked to the augmented inflammatory process and its mediators'
production by activating the non-classical and classical pathways.

We reported a marked difference between the death and survivor groups regarding
the septic state (Phase B) changes in the EV protein composition. It is plausible that sepsis-
induced EV cargo alterations could affect cell communication and function [21-23].

The functional enrichment by GO indicated that biological processes with greater
participation of EV proteins are related to stimulus, stress, and immune system function-
ing. This result may suggest that sepsis provides a notable stimulus for regulators' release
through EVs, especially those from tissue and immune system cells. The expression of the
48 proteins between both groups was statistically different, and the expression of EVs
proteins was continuously related to the immune system functioning, stimulus and de-
fense response and biological process regulation.

We also monitored and compared the survivor and death groups' plasma EV miRNA
expression in the ICU with a control group. Fifteen DEmiRs related to NF-«B signaling
pathway regulation were identified, and all were downregulated in the death group com-
pared to the survivors. These changes in EV miRNA expression, combined with plasma
CRP and cytokine concentration variations, indicate persistent low-grade inflammation
lasting up to three years post-sepsis. Concomitantly it is liked that sepsis induces epige-
netic reprogramming.

Tissue-released EVs circulate in the blood, reaching distant tissues and delivering
molecules that can activate or inhibit cell functions. Depending on the situation, EVs can
act as a "friend" or "foe" in systemic inflammatory reactions [16]. EVs can carry pro-in-
flammatory miRNAs that can activate cell signaling and induce strong inflammatory pro-
cesses during sepsis [43, 44]. Predictive analysis of the targeted miRNA from the 15
DEmiRs described here indicated that these miRNAs are predominantly associated with
inflammation, modulating the pathways mediated by NF-xB, STAT3, and TLR4 activa-
tion. Except for miR-29a-3p, the other miRNAs are negative modulators of inflammation
[49].

Previous studies reported that reducing miR-15b-5p, -16-5p, -20a-5p, -146a-5p, and -
223-3p expression promotes NF-kB complex migration to the nucleus and subsequent in-
flammatory gene expressions [33, 35, 49-57]. On the other hand, miR-29a-3p targets insulin
receptor substrate-1 (IRS-1) and Grb2-associated binder-1 (Gab1) [49]. Increased Gabl ex-
pression inhibits TNF-a-mediated NF-«B transcriptional activation and reduces pro-in-
flammatory cytokines expression through the NF-kB pathway. These observations could
be a compensatory mechanism since only miR-29a-3p downregulation attenuates pro-in-
flammatory cytokines production.

The underlying mechanisms of miR-25-3p and miR-30d-5p action are still unknown.
The attenuated miR-25-3p expression has been shown to increase plasma TNF-a concen-
trations and is linked to the degree of oxidative stress via NADPH oxidase 4 (NOX 4) [58,
59]. The expression of miR-30d-5p is inversely related to plasma concentrations of CRP,
IL-1B, IL-8, and IL-6. We observed reduced miRNA -25-3p and miR-30d-3p levels in the
acute phase of the survivor and death groups, whereas the cytokines IL-1f3, IL-8 and IL-6,
and CRP levels were increased. The downregulation of miR-27a expression increases
TLR4 expression, pro-inflammatory cytokine (e.g., IL-6, IL-1§3, and TNF-«) concentrations,
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and nitric oxide production [60]. In our study, miR-27a expression was reduced during
the acute phase and increased one year after ICU discharge. Previously, we showed in-
creased gene expression of TLR4 receptors in macrophages from the same patients [48].

In the acute phase, the death group exhibited higher plasma levels of IL-6 and IL-10
and a decrease in the 13 miRNAs (except for miR126-3p and miR21-5p) (Figure 2 and
Supplementary Material Table 515).

Since most deaths occur in phase A by multiple organ failure associated with higher
and dysregulated inflammatory response, plasmatic cytokine concentrations were corre-
lated to the inflammation degree, organic dysfunction gravity, and sepsis-associated mor-
tality [31, 61-63]. IL-12 generates isoforms (IL-12p40 and IL-12p70) in human polymor-
phonuclear leukocytes and monocytes/macrophages during the severe sepsis phase [64].
Overproduction of IL-12p40 leads to sepsis-related immunosuppression [64]. Even
though the survivors had higher expression of the IL-12p70 isoform than the death group
(Figure S4 of the Supplementary Material). This finding is associated with plasma CRP
concentrations that remained elevated for up to three years, as previously reported by
Iwashyna, et al. [65].

Table 1. Clinical data of septic patients (n=36).

number of patients (%)

Gender

Female 13 (36.1)

Male 23 (63.9)

Age (years)

Average (SD) 60.2 (13.2)
Median (min-max) 60.5 (34-87)
Comorbidities

Arterial hypertension 21 (58.3)
Diabetes mellitus 14 (38.9)
Chronic obstructive pulmonary disease 2 (5.6)
Heart disease 9 (25.0)
Acute renal insufficiency 9 (25.0)
Cirrhosis 1(2.8)
Congestive heart failure 1(2.8)
Chronic renal insufficiency 2 (5.6)
Hyperthyroidism 1(2.8)
Dementia 1(2.8)
Chronic osteomyelitis 1(2.8)
Liver disease 1(2.8)

sepsis focus

Abdominal 9 (25.0)
Leptospirosis 1(2.8)
Osteomyelitis 1(2.8)

Pancreatitis 1(2.8)
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Figure 1. Plasma proinflammatory cytokine levels variation in the survivor and death groups. The results of phases A, B, C, D, E,
and F of the survivors (blue line) and A and B of the death (red line) groups are indicated. Description of the phases: A. acute period;
B. immediately after ICU discharge; C. 3 months post-ICU; D. 6 months post-ICU; E. 1-year post-ICU; and F. 3 years post-ICU. The
interrupted line indicates the control data. The plasma IL-12p70 level was below the limit of detection in the death group. The row
results are in Supplementary Material Tables S5 and S6.
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Figure 2. Plasma EV DEmiR level variation in the death and survivor groups. The results of phases A, B, C, D, E, and F of the
survivor (blue line) and A and B of the death (red line) groups are indicated. Description of the phases: A. acute period; B. immedi-
ately after ICU discharge; C. 3-month post-ICU; D. 6-month post-ICU; E. 1-year post-ICU; and F. 3-year post-ICU. The data of controls
are indicated in the interrupted line. The row results are Supplementary Material Tables S11-513.
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Figure 3. Representation of EV miRNA levels variation from plasma of septic patients. The similarity in the expression profile by
phase is indicated. The row results are in Supplementary Material Table S11.

3. Experimental Section
3.1. Patient selection

Patients who developed sepsis or experienced septic shock and were admitted to the
intensive care unit (ICU) of the University of Sao Paulo Hospital (HU-USP) participated
in the study. Patients under 18 years of age, with HIV, chronic hepatitis, neoplasms or
autoimmune or inflammatory diseases, or taking anti-allergic or anti-inflammatory drugs
were excluded.

Blood samples were collected during the acute sepsis phase (by ICU day 4, phase A),
immediately after ICU discharge (phase B), and three months (phase C), six months (phase
D), one year (phase E), and three years (phase F) after hospital discharge. Sixteen non-
septic control volunteers were paired according to age and gender with the septic patients.

Sixty-two patients were initially eligible, but nine did not meet the inclusion criteria,
ten were not located after three attempts, and seven refused to participate. The remaining
36 patients were monitored and eventually divided into two outcome groups: survivor
(n=19) and death (n=17). The survivor group included patients who survived up to one
year after ICU discharge, and the death group included those who died in the same
timeframe.

Nineteen samples from phases A-E were collected and analyzed for the survivor
group. Phase F included data from eight patients because six died during phase E, three
were not located, and two were readmitted to the ICU at sample collection time.

The death group consisted of 17 patients. Ten died during phase A, and seven passed
away during phase B.

3.2. Blood collection and plasma separation

Blood samples (20 mL) were collected from the antecubital vein and transferred to
ethylenediaminetetraacetic acid (EDTA) containing tubes. Plasma samples were obtained
by centrifugation at 1,900xg for 10 minutes at 4°C and kept at -80°C until analysis.
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3.3. Evaluation of inflammatory cytokines and serum C-reactive proteins levels

The plasma IL-12p70, IL-6, IL-8, IL-10, TNF-a, and IL-1{3 concentrations were deter-
mined using the BD CBA Human Inflammatory Cytokine kit (BD, Franklin Lakes, NJ,
USA) according to the manufacturer's instructions. Data were acquired on a BD Accuri
Flow Cytometer. Cytokine concentrations were calculated using the FCAP Software v3.0
(BD). The kit’s limits of detection are as follows: IL-12p70 (1.9 pg/mL), IL-6 (2.5 pg/mL),
IL-8 (0.2 pg/mL), IL-10 (3.3 pg/mL), TNF-a (3.7 pg/mL), and IL-1f3 (7.2 pg/mL).

Serum CRP concentrations were measured using the nephelometric method at the
HU-USP Clinical Analysis Laboratory.

3.4. Plasmatic extracellular vesicle isolation

Plasma EVs were isolated by ultracentrifugation (Beckman Coulter-Optima L-90K,
Brea, CA, USA) using an adapted protocol from Thierry, et al. [66]. Briefly, the blood sam-
ples were defrosted, residual cells, debris, platelets, and apoptotic bodies were sedi-
mented by centrifugation at 2,500xg for 15 minutes at 4°C [67], and the supernatant was
transferred to a sterile tube. Plasma samples (2 mL) were diluted with 24 mL of Nanopure
water (SW28, Beckman Coulter) and centrifuged at 100,000xg for 1 hour at 4°C. Afterward,
the supernatant was discarded, and the pellet was resuspended in 26 mL of Nanopure
water and centrifuged (100,000xg, 1 hour, 4°C). The supernatant was again discarded, and
the pellet was resuspended in 1 mL of Nanopure water. Samples were stored at -80°C
until the proteomics and miRNA differential expression experiments were conducted.

Following MISEV 2018 guidelines [68], EVs were characterized using a Nanoparticle
Tracking Analysis (NTA) technique, CD9, CD63, HSP70 and Cytochrome c protein immu-
nodetection [23] and Transmission Electron Microscopy (TEM). Data can be found in the
Supplementary Material.

3.5. Proteomic analysis by mass spectrometry and data processing

Proteomic analyses were performed in random samples of six patients with sepsis
(three survivors and three deaths) by the LTQ-Orbitrap Velos Electron Transfer Dissocia-
tion (ETD) Mass Spectrometer (Thermo), attached to the Easy nanoLC II (Thermo). Prote-
omic analyses were performed at the Facilities for Research Support Center of the Institute
of Biomedical Sciences at the University of Sao Paulo (CEFAP-ICB-USP). Fifty pg of total
EV protein was digested with trypsin, diluted in 100 puL of Nanopure water. The peptides
were separated on a C18 PicoFrit column (C18 PepMap, 75 pm id x 10 cm, 3.5 pm particle
size, 100 A pore size; New Objective, Ringoes, NJ, USA) with a 115 min gradient. Trypsin-
digested BSA (100 fmol) was used to verify instrumental conditions and as the standard.
To identify putative proteins, we searched the Uniprot v15.0 database [69] using the term
"Homo_sapiens_reviewed_uniprot” (https://www.uniprot.org). The protein content was
quantified with the MaxQuant v1.6.2.3 software [70]. Results were normalized and com-
pared using unilateral ANOVA (p<0.05) with the Perseus v1.6.2.2 software [71]. The anal-
ysis of functional enrichment by Gene Ontology (GO) was performed using the Protein
Analysis Through Evolutionary Relationships (PANTHER) v17.0 classification system
[72], with the statistical overrepresentation test: Test Type = Fisher's Exact and Correction
= Calculate False Discovery Rate-FDR. The proteins identified in the proteomics experi-
ments were grouped according to cellular component, biological process, and PANTHER
protein class. The Atlas of Human Protein v21.1 [73] was used for tissue and cell specificity
analyses.

3.6. Plasmatic extracellular vesicles miRNA determination

EV miRNA concentrations were measured using the Human Serum & Plasma mi-
croRNA PCR array plate (MIHS-106Z, Qiagen, Hilden, Diisseldorf, Germany). The
miRNA of six randomly selected phase B samples from the survivor (n=3) and death (n=3)
groups. We used the miRNeasy Serum/Plasma kit (Qiagen) to purify total RNA, including
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miRNA. The RNA's quantity and purity were assessed spectrophotometrically at 260/280
nm using a NanoDrop 2000 spectrophotometer (Thermo). Complementary DNA (cDNA)
was synthesized using the miScript I RT kit (Qiagen) with 1.5 uL of miRNA (final reaction
volume=10 pL) in a LongGene MG96G thermal cycler (LongGene, Zhejiang, Hangzhou,
China).

Pre-amplified miScript miRNA Quality Control PCR Array (Qiagen) plates were in-
cluded to verify the quality and integrity of the samples. Pre-amplification was performed
using the miScript PreAMP PCR kit (Qiagen) with 5 pL of cDNA. The pre-amplified
cDNA was diluted 20-fold and stored at -80°C. For the PCR array analysis, 12.5 uL SYBR
Green PCR Master Mix, 2.5 uL Universal Prime (10x), 9 uL RNase water-free and 1 pL
pre-amplified cDNA (total volume=25 pL) were added to each well of the miRNA PCR
Array plate. The plate was centrifuged at 1,000xg for one minute at room temperature.
Data were recorded with a QuantStudio 3 device and analyzed using the QuantStudio 3
Design and Analysis Software v1.5.1 (Thermo).

The global mean normalization method was used to normalize the miRNA PCR array
data [74]. Initially, data were calibrated by spiking samples with the exogenous control
cel-miR-39. Then the global mean of the CT was calculated for the miRNA targets com-
monly expressed in all samples and presented a CT<30. The 2-44CT calculation determined
the relationship between the miRNA target CT and global CT [75].

The miRNAs that presented between-group expression differences in the array assay
were evaluated in all phases of all samples [survivor group (n=19), phase A-E (n=19) and
phase F (n=8), death group (n=17), phase A (n=10) and phase B (n=7), and control group
(n=16)] using Real-Time Polymerase Chain Reaction (qQPCR). In this case, the final volume
of the cDNA preparation (described above) was not adjusted since pre-amplification was
unnecessary. The final reaction volume (20 puL) contained 20 ng of miRNA. The cDNA
was diluted in 300 uL RNase-free water for the qPCR assay.

The qPCR was performed using the miScript SYBR Green PCR kit (Qiagen) with 96-
well plates. Each well contained 12.5 uL SYBR Green PCR Master Mix, 2.5 uL primer uni-
versal (10x), 2.5 puL Primer Assay (Exxtend, Paulinia, SP, Brazil), 5 uL RNase-free water
and 2.5 pL cDNA. These experiments utilized the same protocol as the Array plate.

The primer sequences of the constitutive gene candidates and the algorithms of Best-
Keeper, GeNorm and NormFinder software were utilized to determine the comparative
quantification cycle (Cq) values (Table S1).

3.7. Statistics

After analyzing data distribution (Kolmogorov-Smirnov), we applied the nonpara-
metric Mann-Whitney test for quantitative variables of independent groups, followed by
the GEE (Generalized Estimating Equations) method on data over time. In GEE's criteria,
factors were considered as time (phase A-F), status vital (survivors or deaths) and inter-
action between both groups. The post-hoc Bonferroni Correction was performed to iden-
tify which time factor differs statistically. All data analyses were performed with the SPSS
software v25 (IBN, Armonk, NY). The significance level was set at 5% (p<0.05).

4. Conclusions

Our proteomics data showed that the EVs mainly originated from immune cells. The
DEmiR of EVs was downregulated in the acute phase, whereas pro-inflammatory cyto-
kine expression was upregulated. Moreover, the expression of miRNAs was downregu-
lated in the EVs of the death group compared to survivors, representing potential survival
biomarkers. The expression of two DEmiRs remained attenuated after one year of ICU
discharge. These chronic conditions may predispose patients to new infections, myocar-
dial infarction, neoplasms, and/or organ failure and PSS, leading to death.

5. Declarations
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5.1. Ethics approval and consent to participate

The study was approved by the Research Ethics Committee of the Hospital of the
University of Sdo Paulo under registration 1513/16. All patients, or their legal guardians,
signed the informed consent form.

5.2. Limitations of the study

There are limitations in the study to be mentioned. The study was carried out only
with patients admitted to the ICU. Knowing that approximately 55% of septic patients are
seen in the medical clinic, the results may only reflect more severe states of sepsis. The
patient selection was based on the hypothesis that the sickest patients have more pro-
nounced symptomes.

The presence of lipoproteins may be indicative of contamination by lipoproteins, as
well as we cannot state that miRNAs are unique to EVs. As described by Karttunen,
Heiskanen, Navarro-Ferrandis, Das Gupta, Lipponen, Puhakka, Rilla, Koistinen and
Pitkdnen [39], there is the possibility of co-precipitation of plasmatic miRNAs.

This phenomenon may indicate that patients who die have an increased release of
vesicles from the immune origin with lower content of specific miRNAs, as stated in the
evaluation of the miRNAs in the acute phase. Since our proteomics data are limited to the
acute sepsis phase, more studies are needed to assess whether this condition persists post-
sepsis.

5.3. Data availability statements

Original datasets are available in a publicly accessible repository:
The original contributions presented in the study are publicly available:
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE210335. Data are available via
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