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Introduction

Patients may react to inflammatory stimuli with an over-
expression of a variety of proinflammatory mediators. This
results in a clinical syndrome characterized by fever, tachy-
cardia, tachypnea, and massive leukocytosis, namely, the
systemic inflammatory response syndrome (SIRS). SIRS is
the final common pathway of inflammation. It is difficult to
distinguish SIRS caused by sterile inflammation from sepsis
that is defined as SIRS induced bya verifiable infection.1 It is a
life-threatening condition that annually claims at least 11
million lives worldwide out of the nearly 48 to 50 million

intensive care unit (ICU) septic patients. Although the initi-
ating insult in most cases is clear being a bacterial, viral, or
fungal infection, the major clinical problem results from the
dysregulated systemic host response to these microbial
pathogens.2 This leads to a disproportionate inflammatory
response andmay lead to critical organ dysfunction affecting
particularly the guts, lungs, kidneys, liver, heart, and the
brain. This is the primary cause for sepsis becoming themost
common cause of death in hospitals.3 When the septic
response leads to complex circulatory, metabolic, and cellu-
lar abnormalities, the term septic shock is applied where the
mortality ratio still reaches around 40%. The severity of
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Abstract Sepsis has been a major health problem for centuries and it is still the leading cause of
hospital deaths. Several studies in the past decades have identified numerous
biochemical abnormalities in severe cases, and many of these studies provide evidence
of the perturbation of the hemostatic system. This can result in complications, such as
disseminated intravascular coagulation that can lead to multiorgan failure. Neverthe-
less, large clinical studies have demonstrated that the simple approach of inhibiting the
coagulation processes by any means fails to provide significant improvement in the
survival of septic patients. A cause of this failure could be the fact that in sepsis the
major clinical problems result not primarily from the presence of the infective agent or
enhanced coagulation but from the complex dysregulated systemic host response to
pathogens. If this overt reaction is not fully deciphered, appropriate interference is
highly unlikely and any improvement by conventional therapeutic interventions would
be limited. Cellular activation in sepsis can be targeted by novel approaches like
inhibition of the heterotypic cellular interactions of blood cells by targeting surface
receptors or posttranscriptional control of the hemostatic system by noncoding
ribonucleic acid (RNA) molecules. Stable RNA molecules can affect the expression of
several proteins. Thus, it can be anticipated that modulation of microRNA production
would result in a multitude of effects that may be beneficial in septic cases. Here, we
highlight some of the recent diagnostic possibilities and potential novel routes of the
dysregulated host response.
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sepsis is categorized by two commonly used clinical scoring
systems: the acute physiology and chronic health evaluation
II (APACHE II) and the sequential/sepsis-related organ failure
assessment (SOFA) scores that assess several organ systems
based on clinical and laboratory data.

Fundamental Immunological Mechanisms in
Sepsis

The basic pathomechanism of sepsis has recently been
extensively reviewed by Arora et al.2 In sepsis, the innate
immune system is activated in response to pathogens via
binding discrete epitopes designated as pathogen-associated
molecular patterns (PAMPs) to pattern recognition receptors
called toll-like receptors (TLRs). Activation of these receptors
triggers intracellular signaling that stimulates the activation
of transcription factors, such as the nuclear factor-kappa B
(NF-κB) and interferon regulatory factor pathways to release
inflammatory cytokines.4 Several studies demonstrated that
the compensatory anti-inflammatory response occurs after
hyperinflammation. The initial cytokine storm is responsible
for the observed symptoms and early death is due tomultiple
organ dysfunction.5 Initially, there is an abrupt innate im-
mune response by phagocytic cells followed by a much
slower adaptive immune response. Sepsis-induced immuno-
suppression, also called “immune exhaustion,” involves the
apoptotic depletion of immune cells.6 The innate and adap-
tive immune cells undergo apoptosis, contributing to re-
duced clearance of invading pathogens.7Apoptotic depletion
of CD4þ T cells results in decreased cytokine production and
these cells can develop a state of functional unresponsive-
ness referred to as “exhaustion” due to prolonged antigen
exposure and altered differentiation of memory T cells.8

There is an increase in T regulatory suppressor cells with a
concomitant loss of effector T cells and because of the
suppression of cell-based immunity, themortality associated
with the late phase of sepsis is due to acquired secondary and
opportunistic infections, such as Candida.9 The immune
system also stimulates endothelial cells and contributes
to microcirculatory failure that intertwines in sepsis
pathophysiology.

Laboratory Background for Sepsis
Investigation

Although sepsis is defined as a dysregulated host response to
infection, our ability to discriminate adaptive and maladap-
tive immune response is still limited10 as we lack clinical
tools to quantify the balance between hyper- and hypo-
inflammation. Various biomarkers are available for the diag-
nosis, prognosis estimation, and follow-up of sepsis; howev-
er, these laboratory parameters may show inherent
limitations. The most frequently used tests are leukocyte
count, C-reactive protein (CRP), procalcitonin (PCT), and
interleukin-6 (IL-6), and IL-6 has become even more widely
used in recent years during the coronavirus disease 2019
(COVID-19) pandemic. Septic patients are commonly char-
acterized by the SOFA score that incorporates the following

three laboratory parameters: platelet count, creatinine level,
and total bilirubin concentration. Furthermore, for the eval-
uation of inflammatory and infectious conditions, basic data
provided by hematology analyzers are commonly utilized in
addition to platelet count, like the mean platelet volume
(MPV), platelet distribution width (PDW), platelet-to-large
cell ratio, and plateletcrit. Changes in these parameters are
not only associated with occurrence of inflammatory dis-
eases but also occur during severe infections.11–13 These
laboratory assays are always complemented by a panel of
hemostasis tests to screen for the potential presence of
disseminated intravascular coagulation (DIC). This is a real
threat as clinically relevant hemostatic alterationsmay occur
in 50 to 70% of septic patients, and approximately one-third
of these patients actually meet the criteria for DIC.14 Based
on the circumstances and local possibilities, the DIC test
panel implies a large fraction of the following laboratory
assays: prothrombin time (PT), activated partial thrombo-
plastin time (APTT), thrombin time (TT), fibrinogen assay, D-
dimer assay, fibrin monomer (FM) test, and antithrombin
activity with the investigation of blood smear for the quan-
titative determination of schistocytes. It was also found that
sepsis-associated DIC has different biomarkers than DIC
associated with other diseases like hematologic malignan-
cies. Namely, IL-6 and thrombopoietin (TPO) were found to
be elevated in the former but not in the latter, and IL-6 and
TPO also promoted platelet activation in vitro.15 This may
lead to the consideration that, while a basic DIC panel is the
same for all cases regardless of the eliciting cause, it may be
worth extending the DIC panel to be more specific to the
underlying disease. Numerous current and potential future
clinical laboratory assays are summarized in ►Table 1.

Hemostatic System Activation in Sepsis

Platelet-Associated Proinflammatory Events
Forty years ago, an antibody clone was developed that was
found to be reactive only with activated but not resting
platelets16 and later it became evident that this clone iden-
tified the platelet surface P-selectin receptor that now rep-
resents one of the classical platelet activation markers.
During subsequent years, its expression has been found to
be elevated by flow cytometry in numerous diseases includ-
ing sepsis with enhanced platelet activation.17–19 This sur-
face protein can detach from the platelet surface and is
detectable in the plasma by appropriate immunoassays in
soluble form. Although soluble P-selectin level is thought to
be primarily associated with platelet activation, the same P-
selectinmolecule is released upon endothelial cell activation
as that is synthesized and stored in theWeibel–Palade bodies
of the endothelial lining.20 Measurement of soluble P-selec-
tin was found to be useful in patients with SIRS not admitted
for an underlying infective problem as their soluble
P-selectin levels were significantly related to the subsequent
development of infection.21 The expression of P-selectin on
the platelet membrane mediates the aforementioned adher-
ence of platelets to leukocytes, and P-selectin on endothelial
cells enhances the rolling of platelets on stimulated
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endothelium22 and the expression of tissue factor (TF) on
monocytes23 in associationwith an unfavorable prognosis of
sepsis already reported in early studies.24 Furthermore,
activated platelets express CD40 ligand (CD40L) and—simi-
larly to P-selectin—shed this molecule into the bloodstream.
Platelet-derived CD40L can bind to CD40 exposed on their
surface and neutrophils leading to more platelet activa-
tion.25,26 It can also interact with endothelial CD40 leading
to stimulation of endothelial cells to upregulate expression of
various other adhesion molecules, such as intercellular ad-
hesion molecule 1 (ICAM-1) and vascular cell adhesion
molecule 1 (VCAM-1), and to release the chemokine CCL2,
also referred to monocyte chemoattractant protein 1, there-
by promoting recruitment of myeloid cells. An instrument,
suitable for detection of platelet activation, for example, flow
cytometry, can provide a comprehensive panel of tests that
identify various aspects of platelet reactivity. In addition to
P-selectin and CD40L expression, apoptosis with loss of
plasma membrane asymmetry and phosphatidylserine (PS)
exposure as well as abnormal index values of mitochondrial
membrane potential (Mmp) in patients diagnosed with
sepsis were extensively analyzed and the platelet PS expo-
sure was notable. This parameter was found to be associated

with the pathological mechanism of sepsis, which was evi-
dent by its correlation with clinical scores.27 When stratify-
ing patients with sepsis and septic shock by clinical
condition, the APACHE II score significantly correlated with
platelet Mmp and platelet PS positivity. Platelets participate
in the thrombotic processes by cellular interactions, but
these anucleate cells also contain a functional set of ribonu-
cleic acids (RNAs), such as messenger RNAs (mRNAs). As the
main initiator of blood coagulation processes is TF, it is of
particular importance that TF mRNA was found in platelets,
which means these cells can de novo synthesize the protein
present in circulating platelets28 and thus express TF activity
upon agonist stimulation.29 It has also been described that
live bacteria and bacterial toxins can directly induce TF
mRNA production in platelets, thereby directly contributing
to its procoagulant activity.30 This results in the formation of
the P-selectin TF coagulation triad.31

Leukocyte-Related Hyperinflammatory Events
The longest known function of leukocytes, that is, their
participation in septic processes, is the elimination of patho-
gens via innate and adaptive immunocompetent cells. How-
ever, there are clear connections with the involvement of

Table 1 Laboratory tests used in sepsis diagnosis as well as for prognosis of multiorgan failure

Laboratory biomarkers for sepsis

Chemistry Hematology Hemostasis

Emergency tests Naþ, Kþ, Cl–, Ca2þ, Mg2þ,
osmolality, CRP, PCT, IL-6,
lactate, creatinine, urea, uric
acid, AST, ALT, bilirubin, total
protein, albumin

Hematology analyzer:
WBC, RBC, HGB, HCT, PLT,
MPV, PDW, P-LCR
Microscopy:
schistocyte

DIC panel (PT, APTT, TT,
fibrin-monomer, D-dimer),
fibrinogen, fibrin degrada-
tion product

Special tests IL-1β, IL-8, IL-10, IL-18, TNF-α,
LBP, haptoglobin, amyloid-A,
fibronectin, TPO, ferritin, α1-
antitrypsin, α2-macroglobu-
lin, mannose binding lectin,
resistin, NGAL, NT-proBNP,
S100B, NSE, hepcidin

Hematology analyzer:
immature granulocyte, im-
mature platelet fraction
Flow cytometry:
platelet P-selectin, monocyte
CD64

Coagulation factors, vWF,
TFPI, AT-III, protein C, PAI-1,
thrombomodulin,
ADAMTS13, rotational and
viscoelastic
thromboelastometry

Potential future tests Blood tests:
ICAM-1, VCAM-1, ELAM-1, E-
selectin, VEGF, HMGB-1, MIF,
MIP, presepsin, neopterin,
pentraxin-3, KIM-1, PD-L1,
ROS
Urine tests:
IGFBP-7, TIMP-2

Hematology analyzer:
MDW
Flow cytometry:
CD48, CD68, TNFR, C5aR,
TREM-1 mHLA-DR, PEVs

suPAR, NETs, TGT, micro-
RNAs, long noncoding RNAs,
MP-TF

Abbreviations: ADAMTS13, a disintegrin and metalloproteinase with thrombospondin motifs-13; APTI, activated partial thromboplastin time; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; AT-III, antithrombin III; C5aR, complement component 5a receptor; CRP, C-reactive
protein; DIC, disseminated intravascular coagulation; ELAM-1, endothelial leukocyte adhesionmolecule; HCT, hematocrit; HGB, hemoglobin; HMGB-
1, high-mobility-group protein B1; ICAM-1, intercellular adhesion molecule 1; IGFBP-7, insulinlike growth factor binding protein 7; IL, interleukin;
KIM-1, kidney injury molecule-1; LBP, lipopolysaccharide binding protein; MP-TF, microparticle tissue factor complex; MDW, monocyte distribution
width; mHLA-DR, monocytic human leukocyte antigen DR; MIF, migration inhibitory factor; MIP, macrophage inflammatory protein; MPV, mean
platelet volume; NETs, neutrophil extracellular traps; NGAL, neutrophil gelatinase–associated lipocalin; NSE, neuron-specific enolase; NT-proBNP, N-
terminal pro-brain natriuretic peptide; PAI-1, plasminogen activator inhibitor; PCT, procalcitonin; PD-L1, programmed cell death ligand-1; PDW,
platelet distribution width; PEVs, platelet-derived extracellular vesicles; PLT, platelet count; PT, prothrombin time; P-LCR, platelet-to-large cell ratio;
RBC, red blood cell; ROS, reactive oxygen species; S100B, calcium-binding protein B; suPAR, soluble urokinase plasminogen activator receptor; TFPI,
tissue factor pathway inhibitor; TGT, thrombin generation test; TIMP-2, tissue inhibitor of metalloproteinase-2; TNF-α, tumor necrosis factor α; TNFR,
tumor necrosis factor receptor; TPO, thrombopoietin; TREM-1, triggering receptor expressed on myeloid cells 1; TT, thrombin time; VCAM-1,
vascular cell adhesion molecule 1; VEGF, vascular endothelial growth factor; vWF, von Willebrand factor; WBC, white blood cell.
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hemostatic mechanisms primarily involving the myeloid
cells. Activated platelets form heterotypic cell aggregates
mostly with monocytes and neutrophils. The percentage of
monocyte–platelet aggregates, revealed by flow cytometry,
was found to be a very sensitive indirect marker of platelet
activation both in cardiovascular and septic conditions.32

Monocytes and neutrophils attach to activated platelets
mainly through P-selectin via its counterreceptor PSGL-1
(P-selectin glycoprotein ligand-1), a dimeric mucin that is
constitutively expressed on leukocytes. Hence, experiments
aimed at blocking either of these molecules with a monoclo-
nal antibody resulted in a complete inhibition of the initial
interaction between platelets and neutrophils.33Neutrophils
also participate in host defense mechanisms against sepsis
via the generation of neutrophil extracellular traps (NETs). At
their first description, two decades ago, it was observed that
the presence of NETs correlated with the severity of organ
dysfunction in sepsis.34 NETs are released extracellularly
from activated neutrophils in response to both infection
and the sterile inflammatory processes. These fibrous struc-
tures then trap and kill pathogens within their matrices as
part of the host defense mechanism. The principal compo-
nent of NETs is the DNA and treating NETs with DNases
indeed destroys these components. There are several pro-
teins that build up NETs, primarily histones, and components

of the primary neutrophil granules like cathepsin G, elastase,
myeloperoxidase (MPO), and a nuclear protein, the high
mobility group box 1 (HMGB1). NETs subsequently can
activate endothelial cells and thus further affect hemostatic
processes during sepsis.35 More recently, interesting mech-
anistic discoveries have beenmade by using a novel assay for
NET detection, where the authors proved that IL-8-induced
pathway is a major event in NET formation, thereby opening
the theoretical possibility of reducing NET formation with
the aid of IL-8 inhibitors.36 There is a large body of literature
dealing with TF upregulation in inflammatory states and
sepsis inmonocytes and endothelial cells; however, that falls
beyond the frames of the recent review.

The versatile mechanisms of different cellular interplays
that participate in these processes are illustrated in ►Fig. 1.

Coagulation-Associated Events
The fact that sepsis is one of the main causes of DIC has been
textbook data for several decades. This implies that the fluid
phase of coagulation is activated and the coagulation factors
are consumed, causing prolongation of the clotting times, PT
and APTT. Fibrinogen, a well-known coagulation factor, is
also known to be an acute-phase protein that is rapidly
produced following the onset of infection and inflammation.
It serves as a protective barrier by acting as bacteria-

Fig. 1 Schematic figure on various subsequent cellular events that are initiated upon sepsis. Due to the accumulation of bacteria via the
bloodstream, not only leukocytes but also platelets and endothelial cells easily get activated, leading to cell dysfunctions: platelets become
hyperreactive to produce platelet–platelet and platelet–leukocyte aggregates, injured endothelial cells may be swollen, and permeability of the
vasculature can increase resulting in diapedesis of neutrophils and fluid leakage. Stimulated neutrophils bound to activated platelets may
produce NETs with the release of DNA, histones, and other mediators. Apart from cellular phenomena, humoral alterations also occur in sepsis
via enhanced thrombin generation and cytokine storm. All these mechanisms may cause thrombus formation and related ischemic damage of
variable organs, such as the brain, lungs, heart, and kidneys. DNA, deoxyribonucleic acid; ICAM-1, intercellular adhesion molecule 1; NETs,
neutrophil extracellular traps; RBC, red blood cell; vWF, von Willebrand factor.
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entrapping fibrin matrices, which activate the host immune
system either directly or indirectly; thus, fibrinogen plays a
major role in hemostasis and antimicrobial host defense by
limiting bacterial growth and mediation of host bacterial
killing.37 Hyperfibrinogenemia in septic patients was a con-
sequence of increased fibrinogen production.38 However, a
large part of septic patients in several studies displayed a
decreasing trend of fibrinogen concentration as time pro-
gressed due to severe coagulopathy. In such patients, the 28-
day mortality rate was higher than that in patients with
nondecreasing fibrinogen trends.39 Thus, it is reasonable to
assume that an elevated level of fibrinogen reflects a favor-
able compensation of the human body and avoidance of the
slide into DIC, and even predicts better survival than patients
with normal fibrinogen.40 In addition to fibrinogen, the
D-dimer level was found to be a useful predictor in sepsis
in patients with very different ages. A subgroup analysis
indicated that its level was strongly and stably associated
with in-hospital mortality independent of age and sex in
septic children.41 In elderly patients suffering from sepsis,
the combination of PaO2/FiO2, SOFA score, and D-dimer
represented a promising tool and biomarker for predicting
28-day mortality.42

Lessons on Coagulation Learned from
Experimental Sepsis Models

One key disadvantage of human studies is the large variabili-
ty in the underlying clinical conditions as well as the effect of
applied therapy on laboratory parameters. Severity of the
disease has been linked to several laboratory parameters in
clinical studies, but the kinetics of these changes can be
better followed when sepsis is elicited under controlled
conditions in an animal experiment. Experimental animal
models have increasingly been used in the past decades.43 A
relatively well-standardized way to study sepsis is to use an
animal model that mostly replicates severe human sepsis.
Unlike rodents, murine sepsis models with cecal ligation and
puncture (CLP)44 or porcine sepsis models by administering
LPS/live bacteria are indeed relatively close to human sepsis
and thus have been used in the past for this disease model.
We also performed experiments in a lethal 4-hour pigmodel
after live E. Coli injection. We observed that both the core
temperature and the modified shock index were increased
significantly by 4 hours compared with baseline data. In
addition, the absolute lymphocyte count was significantly
decreased, and a considerable difference was noted between
the treated and control group already at 2 hours after sepsis
induction. The lobularity index of the white blood cells
(WBCs) decreased significantly at both 2 and 4hours
referring to the appearance of immature WBCs in the blood-
stream.45 Furthermore, we studied mitochondrial mem-
brane changes in platelets as mitochondria play an
important role in cellular survival and apoptotic death
upon sepsis.46 In sepsis, mitochondria play a crucial role in
the maintenance of endothelial cell homeostasis,47 where
dysfunction can lead to both micro- and macrovascular
complications. Dysfunctional mitochondria can contribute

to the development of a hyperinflammatory state48 by
increasing reactive oxygen species (ROS) production during
infection. Studying platelet mitochondrial function can also
serve as a model of mitochondrial changes in other not-
easily-accessible cells like endothelial cells. Mitochondrial
membrane depolarization not only may reflect the abnor-
mality of aerobic metabolism but can also be associatedwith
the mitochondrial pathway of apoptosis. We found a signifi-
cant drop in mitochondrial function in the septic group by
2hours, indicatingmitochondrial dysfunction and potential-
ly platelet apoptosis in sepsis. We also observed that plasma
samples drawn at 2 hours from septic animals induced a
significant PS expression in washed human red blood cells.
This demonstrates that soluble substances that are capable of
inducing a procoagulant surface on cells are released during
the E. Coli challenge.45 As hypo- and hypercoagulable fea-
tures are simultaneously present in sepsis, a well-suited
technique to study sepsis-related hemostatic events is the
thrombin generation assay (TGA). By using various modifi-
cations of this technique, we observed that at 4 hours after
sepsis induction, thrombin generation initiated and finished
significantly earlier, while the thrombin peak was higher
comparedwith thebaseline values in the groupwho received
E. Coli. The thrombin peak increased significantly by 2hours
according to the increased amount of generated thrombin.49

These results also support the presence of an initial and
short-lived hypercoagulable phase in sepsis (►Fig. 2). Others
described increased thrombin generation within 3hours
after CLP in a murine sepsis model and described a marked
reduction in thrombin generation by 6 and 24hours.50 We
suppose that human studies usually fail to demonstrate the
initial hypercoagulability in sepsis, which might be caused
by the delay between early changes in the coagulation
system and clinical presentation of septic symptoms. In a
relatively recent pilot report,51 it was found that a high
frequency of mitochondrial DNA mutations was detectable
in pediatric cases of sepsis, raising the possibility that
mitochondrial dysfunction in sepsis may have a genetic
basis.

Clinical Trials to Alleviate the Enhanced
Coagulation in Sepsis

Anticoagulant therapies were once expected to be a benefi-
cial adjunctive therapy in sepsis. However, despite the
numerous studies focusing on anticoagulant treatment
against sepsis, these therapies continue to remain a matter
of dispute. Most large randomized controlled clinical trials
concluded that these therapeutic attempts failed to provide a
meaningful improvement.52 The largest trials on the efficacy
of unfractionated heparin in sepsis showed no difference in
28-day mortality between the treatment and control
groups,53 just as another large trial using low-dose heparin
in patients with sepsis-induced coagulopathy.54 Multiple
authors have verified that antithrombin is decreased in
sepsis and that this decease correlates with lethal outcome.
Thus, large expectations preceded the trial when recombi-
nant antithrombin was used in septic patients. However, the
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KyberSept trial, the largest of these trials, that enrolled over
2,000 patientswith severe sepsis showednodifference in 28-
day mortality between patients receiving antithrombin and
placebo.55 Another agent that was introduced in sepsis with
high expectations was the recombinant human activated
protein C (PC), since reduced activation of PC facilitates a
prothrombotic phenotype in sepsis.56 This was the only
anticoagulant agent so far that was recommended for use
against severe sepsis in the Surviving Sepsis Campaign
guidelines, following the results of the PROWESS (Recombi-
nant human protein C Worldwide Evaluation in Severe
Sepsis) trial, which showed a significant reduction in mor-
tality with recombinant activated PC (drotrecogin alfa,
Xigris) versus placebo.57 Nevertheless, subsequent large-
scale trials showed no significant reduction in mortality
with this drug and finally it was withdrawn from the market
in 2011. Another possibility was the recombinant soluble
thrombomodulin (rTM) that is a relatively novel anticoagu-
lant agent released to the market in 2008. In patients with
sepsis, rTM binds to thrombin, promotes the activation of PC,
and exhibits anticoagulant effects by inhibiting further
thrombin generation.58 In a phase 3, multinational, multi-
center trial called the Sepsis Coagulopathy Asahi Recombi-
nant LE Thrombomodulin (SCARLET) trial, 800 patients with
sepsis-induced coagulopathy who fulfilled the following
criteriawere studied: (1) at least one sepsis-associated organ
dysfunction, (2) prolongation of the international normal-
ized ratio (INR) of greater than 1.4, and (3) reduction of
platelet count. This study reported no statistically significant
difference in 28-day mortality between the rTM and placebo
groups.59 Taken all these unfavorable news together, it
seems highly unlikely that an effective treatment can be
introduced until proper mechanisms in sepsis-induced coa-
gulopathy are clarified. Simple laboratory approaches, like
the ones listed earlier, may not be sufficient to delineate the

underlying processes in sepsis. Today there is persistently a
high mortality associated with sepsis and specific therapies
may be based on amore complex evaluation of the disturbed
host responses, for example, by using the “omics” technolo-
gy. By using this technique, it was discovered that there are
two different sepsis response signatures, one of which is
associated with an immunosuppressed phenotype and a
higher mortality rate.60 The authors have also shown that
this categorization in response is feasible based on the
predictive value of only a handful of genes. Whether such
approaches may become more widely used and can aid in a
more personalized treatment in sepsis may be answered in
the coming years.

A Potential Novel Pathway in Interfering
with Sepsis Induced Coagulopathy

Epigenetic changes have long been known to affect and
determine pathological conditions via posttranscriptional
modifications of DNA and histones aswell as the interference
with transcription via noncoding RNA. A portion of these
noncoding RNA molecules are small and stable RNA mole-
cules designated as microRNAs (miRNAs) typically consist of
around 22 nucleotides in length and are conserved across
multiple animal species, indicating the evolutionary impor-
tance of these molecules as modulators of critical biological
pathways and processes.61 These miRNAs inhibit translation
as they can cause direct degradation of their target mRNAs,
and they do not require perfect complementarity for target
recognition, so a single miRNA is responsible for the regula-
tion of multiple mRNAs. Computational analysis indicates
that the total number ofmiRNAs could bemore that 1% of the
total translated genes, and more than 30% of protein-coding
genes may be targeted by miRNAs.62 Upon maturation,
miRNAs are translocated to the RNA-induced silencing

Fig. 2 In the septic pig model, the detectability of changes on coagulation depends largely on the composition of the reagent used for TGA. In
the presence of TF and PL or only PL (TFþPLþor TF-PLþ), the hypocoagulable state can be easily detected in a plasma (PPP) by TGA. Here, the time
parameters of TGA, such as lagtime and time to peak (ttPeak) are shortened, and the amount of formed thrombin is less, which is characterized
by the decreasing thrombin peak and endogenous thrombin potential (ETP). The presence of a hypercoagulable state however, can only be
detected by the sensitization of TGA with no added exogenous TF and PL (TF-PL-). As a result the following changes could be observed, the time
parameters (lagtime and time to peak (ttPeak)) were shortened and thrombin peak was increased. Upon platelet activation, the thrombin
formation reaches its peak value earlier in a platelet rich plasma (PRP) due to PL appearing on the cell surface and exogenously added TF (TFþ).
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complex (RISC), bind the complementary sequences of
downstream targets, and prevent the translation of target
genes through translational repression or mRNA degrada-
tion.63 Circulating miRNAs are present in the bloodstream in
microvesicle-associated or protein-bound forms with dis-
tinct cell origin,64 and consequently they may be suitable
laboratory biomarkers in sepsis. Since the largest pool of
microvesicles is derived from platelets, a substantial ratio of
cell-free miRNAs is transferred from activated platelets to
other cell types and interfere with gene expression.65 As
these regulatory processes can be targeted by silencing RNA
molecules as well as mimics, it is important to characterize
the miRNA changes during sepsis so that these processes can
be appropriately interfered. We have described in a series of
septic patients by a TaqMan OpenArray technique that out of
390 platelet miRNAs, 121 were significantly decreased and
61 were upregulated in sepsis versus controls.66 Septic
platelets showed attenuated miR-26b, which were associat-
ed with disease severity and mortality. The P-selectin (SELP)
mRNA level was elevated in sepsis, especially in platelets
with increased MPV values causing a higher P-selectin
expression. MiRNA formation can be regulated as decreased
Dicer1 enzyme level—a key factor in miRNA formation67—
generated lower platelet miR-26b expression with higher
SELP mRNA level, while calpeptin could restore miR-26b
using MEG-01 cells among in vitro septic conditions. We
could conclude that decreased miR-26b in megakaryocytes
and platelets contributes to an increased level of platelet
activation status in sepsis.66 MiRNA can be present not only
as a “soluble plasma oligonucleotide” but also as a cargo in
microvesicles released by activated cells, primarily platelets,
and these microvesicles can be taken up by various cell
types.68,69 Nevertheless, further studies focusing on the
pathological role and therapeutic potentials of miRNAs in
sepsis are required.70

Conclusion

We are not yet able to entirely understand and modulate the
functions of the immune system in severe clinical situations
that may lead to SIRS or sepsis. In the search for diagnostic
and treatment approaches, it has become very important to
study the pathogenesis of distinct protein and nucleic acid
proinflammatory mediators. This mini-review attempts to
summarize somemajor issues of hyperinflammation, abnor-
mal coagulation, and cellular activation that can be detected
by different laboratory techniques to estimate the severity
and outcome of sepsis.
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