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Abstract: There is a lack of biomarkers of sepsis and the resuscitation status. Our objective was to
prove that the serum expression of certain microribonucleic acids (miRNAs) is differentially regulated
in sepsis and is sensitive to different resuscitation regimes. Anesthetized pigs (Sus scrofa domesticus)
received no treatment (n = 15) or intravenous live E. coli (n = 24). The septic animals received
0.9% saline at 4 mL/kg/h (n = 8) (low resuscitation group (LoR)) or 10-17 mL/kg/h (high resuscita-
tion group (HiR)) (1 = 8 each group). Blood samples were obtained at the end of the experiment for
measurement of seven different miRNAs (RT-qPCR, Qiagen, Hilden, Germany). The serum expres-
sion of miR-146a-5p and miR-34a-5p increased significantly in the septic group, and miR-146a-5p
was significantly lower in the HiR group than in the LoR group. The toll-like receptor signaling
pathway involving 22 target proteins was significantly (adjusted p = 3.87 x 10~%) regulated by these
two microRNAs (KEGG). Highly significant (p value = 2.22 x 10~10) protein—protein interactions
(STRING) were revealed for these 22 hits. MiR-146a-5p and miR-34a-5p were identified as biomarkers
of sepsis, and miRNA146a-5p seemed to be a biomarker of the intensity of the resuscitation.

Keywords: acute illness; animal model; biomarker; critical illness; bioinformatics; miRNA; precision
medicine; profiling; resuscitation; metabolite target analysis; resuscitation; sepsis; systems biology

1. Introduction

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host
response to infection [1]. Mortality is in excess of 10% for mild cases of infection and organ
dysfunction, but it reaches approximately 50% for cases with septic shock, a state of tissue
hypoperfusion characterized by fluid-unresponsive hypotension requiring vasopressor
agents accompanied by hyperlactatemia [1]. Early identification and treatment of sepsis
is of paramount importance to prevent organ dysfunction and worsening acute lung
injury [2]. The initial treatment of sepsis involves fluid resuscitation and the administration
of antibiotics [1,2]. Nonetheless, there is a lack of biomarkers that can be used for the
diagnosis and monitoring of the response to therapy (i.e., resuscitation) [3]. The biomarker
sensitive to resuscitation that is widely used is the serum lactate concentration [4]. However,
lactate formation during sepsis is not always related to tissue hypoxia as it is metabolized
in the liver and in the kidney, and hyperlactatemia can be due to reduced clearance rather
than to tissue hypoperfusion [5,6]. Thus, a biochemical marker of resuscitation would be
of great clinical interest.
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Microribonucleic acids (miRNAs) are a particular type of non-coding RNA that is
19-25 nucleotides in length in its mature form and whose main function is gene regulation
at the post-transcriptional level by blocking translation or inducing the degradation of
messenger RNA [7,8]. miRNAs are ideal biomarkers, as they are stable in many body fluids
(serum, plasma, urine, and bronchoalveolar lavage), can be readily measured by a reverse
transcriptase quantitative polymerase chain reaction (RT-qPCR), and have already been
shown to be sensitive and specific biomarkers for the diagnosis and response to therapy of
many disease conditions [8]. In this line, miRNAs have been shown to play important roles
as biomarkers of acute lung injury, one of the main organ dysfunctions in sepsis, as we
have recently reviewed [9-11].

Some studies on the role of miRNAs as biomarkers of sepsis, both in small animal
models and in patients, have been conducted [12]. In the present study, using a large
animal model of sepsis, we hypothesized that the serum expression of candidate miRNAs
changes under conditions of sepsis and is sensitive to resuscitation.

2. Materials and Methods
2.1. Animal Preparation and Monitoring

We used male pigs (Sus scrofa domesticus) aged 2.5-3 months old and weighing be-
tween 25 and 30 kg (see Supplementary Materials). We studied biological samples from
control (non-septic, n = 15) and septic pigs (1 = 24). After overnight fasting, the pigs were
sedated with ketamine (15 mg/kg) and midazolam (0.5 mg/kg) intramuscularly. An ear
vein was cannulated for the maintenance of sedation, analgesia, and muscle paralysis
with propofol (0.1-0.3 mg/kg/min), fentanyl (5 ugr/kg/h) and atracurium (0.1 mg/kg/h).
Once sedated, a tracheostomy was performed after administering 2% lidocaine (0.2 mL/kg)
subcutaneously, and an endotracheal tube was introduced and connected to a volumetric
ventilator (Servo 900C; Siemens Elema, solna, Sweden) with the following settings: respira-
tory rate of 20 breaths per min, tidal volume of 15 mL/kg, fraction of inspired oxygen of 0.5,
and positive end-expiratory pressure of 5 cm HyO. The left jugular vein was cannulated
for the insertion of a pulmonary arterial catheter and for fluid administration. The right
carotid artery was cannulated for the measurement of blood pressures and blood sampling.
A urinary catheter was introduced in the urinary bladder through a small suprapubic
incision. See the Supplementary Materials for further details on the animal preparation
and blood sampling.

2.2. Protocol and Measurements

After monitoring, the animals received 0.9% sodium chloride at 4 mL/kg/h and were
randomly allocated to the different groups. After a 30-min resting period, sepsis was
induced at t = 0 h by the administration of an intravenous infusion of live Escherichia coli
(2 x 108 CFU/mL mL/ kg, serotype O26:H11, isolated from blood cultures from a patient
with septic shock) over 30 min. The non-septic animals (1 = 15) received an equivalent
amount of saline over 30 min. From ¢ = 0 h and during the remaining 5 h, the non-septic
animals received 0.9% sodium chloride at 4 mL/kg/h throughout the experiment. The
septic animals, depending on the resuscitation group, received 0.9% sodium chloride
at 4, 10, or 17 mL/kg/h (n = 8 for each group) starting at t = 0. This septic challenge
used induced the biochemical, hematological, and hemodynamic changes characteristic of
human sepsis.

At t = 0 h (right before the infusion of E. coli or the placebo) and then hourly, we
measured the different hemodynamic parameters. The pressures were measured and
displayed (Hewlett Packard monitor, Madrid, Spain). We registered the mean systemic
arterial pressure (MAP), mean pulmonary artery pressure (MPAP), right atrial pressure
(RAP), and pulmonary artery occlusion pressure (PAOP). Cardiac output (Qror) was
measured by the thermodilution technique (CO computer; Abbott Labs: Chicago, IL
60064, USA). Systemic (SVR) and pulmonary (PVR) vascular resistances were calculated
(MAP-RAP/QTOT and PAP-MPAP/QTOT, respectively) and expressed as arbitrary units.
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Blood samples were obtained att =0h,t=1h, t =3 h, and t = 5 h for measurement of
the creatinine and arterial lactate concentrations (Hitachi 911; Boehringer, Mannheim, Ger-
many) and arterial blood gases (ABL 500; Radiometer, Copenhagen, Denmark). A serum
sample obtained at the end of the experiment was frozen and stored at —80° for later
measurement of the cytokines and miRNAs.

The experiment was terminated at ¢t = 5 h or if severe hypotension (MAP < 20 mm Hg)
ensued. At that point, the animal was sacrificed by an intravenous injection of thiopental
(15 mg/kg intravenously). After the animal’s death, the left kidney fossa was accessed
through a left-sided lumbotomy, and samples of the renal cortex and the renal medulla
were cut and stored at —80° until further analysis.

We followed the current European and national legislation on the use of laboratory
animals (Principles of Laboratory Animal Care, 2010/63/UE and Real Decreto 53/2013
BOE-08/02). This study was approved by the institutional and the local government animal
research ethics committees.

2.3. Blood Sample Analysis

The cytokines were measured by ELISA (DuoSet kits (R&D Systems, Minneapolis, MN,
USA) (see Supplementary Materials). The miRNAs were measured by RT-qPCR (Qiagen,
Hilden, Germany). See the Supplementary Materials for details on miRNA isolation from
the serum, miRNA cDNA preparation, and RT-Qpcr.

2.4. Enrichment and Functional Analysis

Genes targeted by the miRNAs of interest were identified using miRNet 2.0 (www.
mirnet.ca, last accessed on 20 July 2021). Pathways involved in a given set of proteins
were identified by the KEGG Pathway Database (www.genome.jp/kegg/, last accessed
on 25 July 2021). Other tools such as the Reactome Pathway Database (reactome.org,
last accessed on 25 July 2021) and Gene Ontology (geneontology.org, last accessed on
25 July 2021) were also used for the identification of relevant biological pathways at the
protein level.

Protein—protein interaction (PPI) and functional enrichment analysis were studied
using the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) [13]. The
interactions studied included direct (physical) and indirect (functional) associations. An
interaction score of 0.9 (meaning high confidence with fewer false positives interactions)
was used. Of the different types of interaction (fusion, neighborhood, cooccurrence, ex-
perimental, textmining, database, and coexpression), only experimental evidence and
database evidence were considered. Clusters with a minimum of 5 proteins per cluster
were generated.

2.5. Statistical Analysis

Results for non-normally distributed continuous variables are presented as medians
and 25th and 75th percentiles. The statistical differences in the intensity of resuscitation in
both the septic groups and the control group were evaluated by the Kruskal-Wallis test,
post hoc analysis with the Mann-Whitney U test, and correction for multiple comparisons
with Holm’s method. Survival curves were also analyzed by the Kaplan-Meier method and
logrank Mantel-Cox test. A two-tailed significance level of 0.05 was used for all statistical
tests. All statistical analyses used SPSS software (version 20.0).

3. Results
3.1. Description of the Animal Model: Effects of Sepsis and Resuscitation

Sepsis induced a state of increased heart rate, systemic hypotension, decreased RAP,
increased MPAP, decreased SVR, and increased PVR (Table S1). Sepsis was also associated

with increased serum creatinine and arterial blood lactate concentrations and a decreased
arterial pH and PaO2 (Table S2).
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Resuscitation was associated with attenuation (that did not reach statistical signifi-
cance) of the sepsis-induced changes in MAP, RAP, and (reaching statistical significance) in
PVR (Table S1). Additionally, the sepsis-induced changes in serum creatinine and arterial
blood lactate concentrations as well as arterial pH and PaO2 tended to be milder in the
resuscitation groups (Table S2).

During the observation period, none of the animals in the control group and 9 animals
in the septic group died before 5 h: 5 pigs in the 4 mL/kg/h resuscitation group (1 before
t=2h and 4 before t = 3 h); 3 pigs in the 10 mL/kg/h resuscitation group (before t = 4 h);
and 1 pig in the 17 mL/kg/h resuscitation group (before t = 5 h) (p < 0.001, logrank
Mantel-Cox test) (Figure S1). During the experiments, the animals with less severe clinical
abnormalities tended to survive longer. Thus, this selection bias and the reduced sample
size overtime should be considered when interpreting the hemodynamic and biochemical
changes observed in the animals.

3.2. Changes in Cytokine and miRNA Expression

Comparisons of all hemodynamic and biochemical parameters between the sepsis
group resuscitated with 10 mL/kg/h and the sepsis group resuscitated with 17 mL/kg/h
were not significantly different (p > 0.1 for all the hemodynamic and biochemical compar-
isons). Therefore, these two sepsis groups (resuscitated with 10 mL/kg/h and resuscitated
with 17 mL/kg/h) were combined (high resuscitation (HiR)) for comparison with the sepsis
group resuscitated with 4 mL/kg/h (low resuscitation (LoR)) and the control (non-septic)
groups. The samples available for analysis for the control (non-septic), LoR septic, and HiR
septic groups were between 5 and 6, between 3 and 4, and between 3 and 10, respectively
(Table S3).

The serum concentrations of IL-13, TNF«, IL-6, and IL-1f in the renal medulla were
higher in the septic group. The IL-1f3 concentrations in the renal cortex trended higher in the
septic group (not significant) (Table S4). The concentration of all cytokines studied tended
to decrease in the sepsis HiR group compared with the sepsis LoR group, the difference
reaching statistical significance for the TNF-o serum concentration (Table 54).

The serum expression of miRNA34a-5p and miR-146a-5p increased significantly in
the septic groups (p = 0.010 and p = 0.016, respectively, for the overall between group differ-
ences) (Table S5). The post hoc comparison between the LoR and HiR groups (effect of re-
suscitation) reached statistical significance only for miRNA146a-5p (Table S5). miR-155-5p
tended to increase after the septic challenge and decrease with HiR as compared with LoR,
with changes that did not reach statistical significance (Figure 1, Tables S5 and S6).

3.3. Enrichment and Functional Analysis

There were 1386 genes identified as regulated by both miRNAs (MiRNet). Enrichment
analysis (KEGG) identified the Toll-like receptor signaling pathway as being significantly
regulated (the third in order of significance), with 22 hits (adjusted p value = 3.87 x 10~4).
Toxoplasmosis was the most highly significant pathway regulated by the miRNAs of
interest with 24 hits (adjusted p value = 3.77 x 10~°), of which 10 were common to the
Toll-like receptor signaling pathway (Tables S7 and S8) (Figures 2 and S2).



Appl. Sci. 2021, 11, 11549 50f 11
miR-21a-5p miR-34a-5p miR-133a-5p
15 008 8 i 0 o
-
3
10 20
£ .
a g 3 g s
Q Q e Qo _
5 ® 10
2 L]
= . ' R
| el W o) o sz o <k % #
Control  LoR HiIR Control  LoR HIR Control  LoR HIR
miR-146a-5p miR-150-5p miR-155-5p miR-486a-5p
30 - ps0.210 & P=0.066 40 ped.681 & pe0ATY
o
6 30 L] T
20 ‘ 4 .
£ .
§ § § = W B
10 . 2
! . 2 f B .
= . - -—-‘—— -— - - _E_ :
0] csdes e ol =+ .o 0] et . oo 0 «* .
Control  LoR HiR Control  LoR HIR Control  LoR HiR Control  LoR HiR

Figure 1. miRNA serum expression in control and septic animals receiving low (LoR) or high (HiR) fluid resuscitation. Bars
indicate median, percentile 25th and percentile 75th. The p values indicate the statistical significance between the group
differences (Kruskal-Wallis test). * p < 0.05 versus control group. t p < 0.05 versus LoR group (Mann-Whitney test with
Holm's correction).
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Figure 2. (A) Genes targeted by miR-146a-5p and miR-34a-5p participating in the Toll-like receptor signaling pathway
(KEGG). (B) Protein—protein interaction (STRING) of the 22 hits (STRING, confidence 0.9, in 4 clusters). Purple line,
experimental evidence. Light blue line, database evidence. Dotted lines, interactions appearing only after clustering.
Proteins are involved in multiple immune regulation and cytokine signaling pathways.

Proteins of the Toll-like receptor signaling pathway regulated by the miRNAs of
interest (Table S8) were involved (KEGG) as the five more significant pathways in the
Toll-like receptor signaling pathway, Kaposi’s sarcoma-associated herpesvirus infection,
hepatitis B, influenza A, and TNF signaling pathway(Table S9). Using Reactome, the top
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five were cytokine signaling in the immune system, interleukin-6 signaling, hemostasis,
downstream signaling events of B cell receptors (BCRs), and PIP3 activating AKT signaling
(Table S10). Finally, using Gene Ontology biological processes, the top five pathways
related to the 22 Toll-like receptor signaling pathway proteins were positive regulation
of immune system processes, the response to cytokine, the cytokine-mediated signaling
pathway, regulation of immune response, and positive regulation of signal transduction
(Table S11) (all with adjusted p < 0.001).

Similarly, proteins of the toxoplasmosis pathway regulated by the miRNAs of interest
(Table S8) were involved, as the five most significant pathways (with adjusted p < 0.001)
were in toxoplasmosis, the Toll-like receptor signaling pathway, small-cell lung cancer,
the TNF signaling pathway, and pathways in cancer (KEGG) Table S12). Using Reactome
the only pathway regulated with adjusted p < 0.001 was hemostasis (Table S13). Finally,
using Gene Ontology biological processes, the top five pathways related to the 24 toxoplas-
mosis pathway proteins (with adjusted p < 0.001) were intracellular signal transduction,
regulation of catalytic activity, cellular response to chemical stimulus, cellular response to
organic substances, and response to organic substances (Table S14).

We analyzed the PPIs for the 22 proteins of the Toll-like receptor signaling pathway
(STRING, confidence of 0.9 in 4 clusters). The PPIs were highly significant (PPI enrichment
p value: 2.22 x 10716) (Figure 2). The PPIs for the 24 proteins of the toxoplasmosis pathway
were also analyzed (PPI enrichment p value < 1.0 x 10~'¢) (Table S8 and Figure S2).

4. Discussion

The main findings of our study in a large animal model of sepsis were that (1) the
serum expression of miR-146a-5p and miR-34a-5p was upregulated after a septic challenge,
and (2) miR-146a-5p expression was modulated by the intensity of the fluid resuscitation.
These findings are of paramount importance for the discovery of biomarkers of sepsis and
resuscitation, as well as the identification of novel therapeutic targets.

Our animal model features human sepsis, including systemic vasodilation and pul-
monary vasoconstriction, hyperlactatemic acidosis, marked pro-inflammatory response,
and substantial mortality. The concentrations of IL-13, TNF-«, and IL-6 in the serum,
as well as the concentration of IL-1f3 in the renal tissue (medulla and renal cortex), increased
after the septic challenge, demonstrating an inflammatory response both systemically
and at the tissue level as part of the immune response to sepsis. Fluid resuscitation
attenuated some of the hemodynamic changes (e.g., the decrease in MAP and RAP),
the hyperlactatemic acidosis, and the magnitude of the inflammatory response (i.e., increased
TNF-« and, nonsignificantly, IL-6 serum concentration and IL-1p serum and kidney tissue
concentrations).

Recent studies have investigated the role of different miRNAs as biomarkers of sepsis
in small animal models and in human sepsis [12,14]. The novelty of the present inves-
tigation is the study of the expression of different miRNAs in a large animal model of
sepsis and their response to fluid resuscitation. In this context, we found that sepsis was
associated with increased serum expression of miR-34a-5p and miR-146a-5p. In addition,
we found that the serum expression of miR-146a-5p was significantly lower in the HiR
group compared with the LoR group. The expression of miR-155-5p followed the same
pattern, albeit with differences that did not reach statistical significance (p = 0.051).

The miRNAs measured in the present investigation were chosen based in their known
role in the inflammatory response, a key element in the pathobiology of sepsis (discussed
in detail in the Supplementary Materials) [15-22].

Our findings of increased levels of miR-34a-5p in sepsis are in line with the results
of other in vitro studies [16,17] and with the results of sepsis models in mice treated with
cecal ligation and puncture [23] and rats given LPS [24].

We found significant upregulation of miR-146a-5p in sepsis. These findings con-
firm and expand previous results showing increased expression of this miRNA in blood
from mice undergoing cecal ligation and puncture [25,26] and in muscle tissue from pigs
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treated with LPS [27]. However, those findings seem to contradict the reported changes in
miR-146a-5p expression in patients with sepsis, in whom miR-146a-5p was either down-
regulated [28,29] or unchanged [30] compared with patients with systemic inflammatory
response (SIRS) and healthy controls. These discrepancies could be explained by differences
in the sampling time, which in the experimental model occurred very early after the septic
challenge. Notwithstanding these apparently discrepant results, our findings confirmed the
role of miR-146a-5p as a biomarker of sepsis in a large animal model of sepsis. In addition,
we provided for the first time evidence that the expression of miR-146a-5p was sensitive to
the dose of fluid resuscitation.

In general, despite the significant changes observed in the expression of miR-34a-5p
and miR-146a-5p, we could not conclude the role of the other miRNAs measured herein
as biomarkers of sepsis and resuscitation in our model, as some observed trends did not
reach statistical significance. Changes in the expression of miRNA150-5p (p = 0.056) and
miRNA155-5p (p = 0.051) allowed for the speculation that these miRNAs could also be
useful as biomarkers of sepsis, in line with previous results [31], and that in the case of
miRNA155-5p, a role as biomarker of resuscitation is worth pursuing in future studies.

Given their role in the immune response, our findings of increased serum expression
of miR-146a-5p and miR-34a-5p were expected. However, these findings have not been
previously reported in a clinically relevant large animal model of sepsis nor has the associ-
ation with resuscitation been described. The role of the miRNAs measured herein in other
in vitro models, as well as other biomarkers of sepsis, is discussed in further detail in the
Supplementary Materials [32-53].

Changes in miRNA expression are expected to occur in sepsis. Conditions that take
place in sepsis, such as inflammation and hypoxia, are known to regulate miRNA expres-
sion, which is under the control of transcription factors that play roles in the inflammatory
response [54].

Our findings on the relationship between the serum expression of certain miRNAs
and the intensity of the resuscitation is of great clinical interest. Currently, the serum lactate
concentration is widely used for the diagnosis of tissue hypoperfusion and to monitor
the response to resuscitation [1,2]. However, elevations of serum lactate could be due to
reduced clearance in the context of sepsis and liver dysfunction and thus not always reflect
tissue hypoperfusion [4-6]. The serial measurement of several hemodynamic variables
can monitor the achievement of predefined hemodynamic objectives during resuscitation.
However, a biochemical biomarker of resuscitation would be a noninvasive biomarker of
resuscitation complementary to the currently available hemodynamic measurements and
could provide information about cellular changes sensitive to hypoperfusion.

4.1. Enrichment and Functional Analysis of miR-34a-5p and miRNA146a-5p

Using microRNA target prediction tools, we found that 1386 genes were regulated
by the two miRNAs of interest. These genes were involved in many different biological
pathways. Of note, one of the most significantly regulated pathways was the Toll-like
receptor signaling pathway, with 22 proteins of this pathway represented in our network.
The PPIs of these proteins were highly significant (PPI enrichment p value: 2.22 x 10716,
indicating that our network had significantly more interactions than would be expected
for a random set of proteins of a similar size drawn from the genome. Such an enrichment
indicates that the proteins were at least partially biologically connected as a group. Enrich-
ment analysis using different tools indicated that these proteins were involved in processes
critical to the pathobiology of sepsis, such as such as the TNF signaling pathway, cytokine
signaling in the immune system, interleukin-6 signaling, downstream signaling events of
B cell receptors, AKT signaling, the response to cytokine, the cytokine-mediated signaling
pathway, and regulation of immune response. Our findings support the hypothesis that
these biomarkers, sensitive to the diagnosis of sepsis and to the quality of resuscitation,
could also be therapeutic targets and that functional interference of these miRNAs could
cause significant physiological effects in pathways known to be critical in sepsis.
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4.2. Limitations

This study has several limitations. First, the sample size probably explained why some
of the differences did not reach statistical significance. However, despite this limitation,
we were able to prove significant differences between the septic and non-septic groups
and between the different resuscitation regimes. The nonsignificant trends observed in
some comparisons could have become significant had the sample size been larger. Pending
further confirmation, our results provide the proof of concept that miRNAs could be useful
biomarkers in a large animal model to be tested later in patients and that miRNAs could
also be biomarkers of resuscitation. Second, the comparison groups were sepsis and healthy
controls. Thus, we could not conclude based on our results that the biomarkers identified
were specific for sepsis, as they could also be increased in other conditions associated
with a systemic inflammatory response of a non-infectious origin. Finally, the clinical
significance of our model is limited, as some therapeutic interventions commonly used
in patients, such as the administration of antibiotics, were not planned in the present
animal model. In addition, the regimens of fluid resuscitation studied herein were not
titrated to a specific physiological endpoint, whereas in clinical practice, fluid resuscitation
is aimed at the achievement of specific physiological goals. Another aspect that limits the
clinical relevance of the model is the 5-h follow-up period, which may not allow for the
development of the full physiological response to a septic stimulus as is usually seen in
patients. In addition, the massive septic challenge may not necessarily translate into the
nature of the infectious insults that patients generally suffer. However, we believe that our
model, reproducing the most important hemodynamic and biochemical characteristics of
human sepsis, is useful for better understanding the pathophysiology of sepsis and the
response (e.g., of miRNA expression) to sepsis. We portend that the results derived from
this model are, at least as a proof of concept, valid to propose new biomarkers that can be
used for the discovery of biological pathways relevant to the pathobiology of disease and
for the discovery of novel therapeutic targets.

5. Conclusions

In summary, the present study provides new insights into the role of miRNAs as
biomarkers of sepsis and resuscitation. We report, for the first time, changes in the serum
expression of several miRNAs in a large animal model and their relationship with the
intensity of fluid resuscitation. More studies comparing sepsis with non-infectious SIRS
are needed to confirm our findings.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/app112311549/s1. Table S1: Effect of sepsis and resuscitation on hemodynamic variables.
Table S2: Effect of sepsis and resuscitation on biochemical variables. Table S3: Sample size for cy-
tokine and miRNA determinations in the different groups. Table S4: Effect of sepsis and resuscitation
on cytokine concentration. Table S5: Effect of sepsis and resuscitation on serum miRNA expression.
Table S6: miRNAs differentially expressed in control versus septic animals: miRNA146-5p and
miRNA34a-5p. Table S7: Pathways targeted by both miRNA34a-5p and miR-146a-5p (KEGG enrich-
ment analysis) (adjusted p < 0.01). Table S8: Proteins in our network participating in the Toll-like
receptor and in the toxoplasmosis pathways. In red are proteins common to both pathways. Table S9:
Enrichment analysis (KEGG) of proteins in the Toll-like receptor pathway (STRING) (adjusted
p value < 0.0000001). Table S10: Enrichment analysis (Gene Ontology biological process) of proteins
in the Toll-like receptor pathway (STRING) (adjusted p value < 0.0000001). Table S11: Enrichment
analysis (reactome) of proteins in the Toll-like receptor pathway (STRING) (adjusted p value < 0.001).
Table S12: Enrichment analysis (KEGG) of proteins in the toxoplasmosis pathway (STRING) (adjusted
p value < 0.0000001). Table S13: Enrichment analysis (Gene Ontology biological process) of proteins
in the toxoplasmosis pathway (STRING) (adjusted p value < 0.0000001). Table S14: Enrichment
analysis (reactome) of proteins in the toxoplasmosis pathway (STRING) (adjusted p value < 0.001).
Figure S1: Mortality of the different experimental groups (control, n = 15; sepsis 4 mL/kg/h, n =8;
sepsis 10 mL/kg/h, sepsis 17 mL/kg/h). Figure S2: (A) Genes targeted by both miRNAs of interest
(miRNA146a-5p and miRNA34a-5p) (mirNet), where 1386 genes were identified as regulated by
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both miRNAs. (B) Toxoplasmosis as the most highly significant pathway regulated by the miR-
NAs of interest (KEGG enrichment analysis) with 24 hits (adjusted p value = 3.77 x 10~3), of which
10 were common with the Toll-like receptor signaling pathway. (C) Protein—protein interaction of the
24 proteins (STRING, confidence 0.9, in 4 clusters). PPI enrichment p value = 1.0 x 1016, Purple line
= experimental evidence; light blue line = database evidence; dotted lines = interactions appearing
only after clustering.
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