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TGRS5: Toll for Regulating Innate Immunity

Seung-Yong Seongh?3*

'Wide River Institute of Immunology, Seoul National University,
Korea; “Department of Biomedical Sciences, Seoul National

University College of Medicine, Seoul, Korea, *Department of

Microbiology and Immunology, Seoul National University College of
Medicine; 103 Daehakno, Jongno-gu, Seoul, Korea; *‘Shaperon co., 7

Beobwon-ro 8-gil, Songpa-gu, Seoul, 05855, Seoul, Korea

TGR5, G protein-coupled receptor 19, is also known as G protein-coupled bile
acid receptor 1. The single exon encodes a TGR5 protein composed of 330 amino
acids with seven transmembrane domains. Although TGR5 1s expressed in
various tissues such as liver, nervous system, adipocytes, endocrine glands, gall
bladder, muscles, and spinal cord, the expression level in these tissues is less
than 1/10 of myeloid immune cells. Activation of TGR5 incur various signaling
cascades depending on the responder cell type. For example, synthesis and
secretion of bile acids, intestinal secretion and motility, energy expenditure,
glucose homeostasis, and inflammation is regulated by TGR5 pathway. Although
TGR5 has got much attention as a promising new target for metabolic disorders
or inflammatory disorders, only deoxycholic acid was licensed for lipoma.
Obeticholic acid was also licensed for cholangitis but it interacts with FXR in
addition to TGR5. Recently, we showed that taurodexoycholic acid (TDCA)
interacts with TGRS, reduces inflammation incurred by activation of neutrophils,
increases number of myeloid derived suppressor cells and prolongs survival of
mice under sepsis. TDCA changes DNA methylation pattern of chromosome,
globally edit proteomes of skin cells, brain cells and myeloid cells in mice model
for atopic dermatitis, Alzheimer disease and sepsis, respectively. In addition,
inflammasomal activation was suppressed by down-regulating a purinergic
receptor in TDCA-treated neutrophils. In addition, cAMP-PKA-NF-xB pathway
was controlled by TDCA. Phase I clinical trials for atopic dermatitis using TDCA
did not show significant adverse drug reactions. Taken together, TDCA might be
a non-classical anti-inflammatory drug (NCAID) for various inflammatory
disorders when activation of myeloid inflammatory cells are pathognomonic

features.
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Mitochondrial DAMPs and Nosocomial Pneumonia

Kiyoshi Itagaki
BIDMC/Harvard Medical School, USA

Serious injury causes tissue/cellular damages leading to release of mitochondria
into circulation. We discovered that these mitochondria act as Damage-Associated
Molecular Patterns (DAMPs) to influence immune systems (Nature, 2010). Today,
I will discuss our theory of how seriously injured people may develop nosocomial
pneumonia and how to prevent or treat this dysfunction without depending on
antibiotics that could lead to antibiotics-resistant bacteria by presenting two

possible methods focusing on neutrophil-mitochondrial DAMPs interactions.
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A Novel Gr-1" Myeloid Population that Plays an Essential
Role in Mortality during Bacterial Infection

Min Young Park', Hyung Sik Kim', Ha Young Lee', m

Brian A. Zabel’, and Yoe-Sik Bae'? g .

"Department of Biological Sciences, Sungkyunkwan University, &
Suwon 16419, Republic of Korea. *Palo Alto Veterans Institute for 4

Research, Veterans Affairs Hospital, Palo Alto, CA 94304, USA.
*Department of Health Sciences and Technology, SAIHST, Sungkyunkwan
University, Seoul 06351, Republic of Korea.

Severe sepsis, a principal cause of death in intensive care units, occurs when
host immune defenses fail to combat invading microbes. Regulation of neutrophil
activity by targeting phospholipase D2 (PLD2) modulates pathogenesis of sepsis.
PLD2-deficiency caused protective effects against experimental sepsis showing
increased survival and decreased vital organ damage. Neutrophil extracellular
trap formation and subsequent bacteria killing activity is strongly augmented in
PLD2-deficient mice. PLD2 in neutrophils is essential for the pathogenesis of
experimental sepsis. Extreme pathophysiological stressors like tumor or rampant
bacterial infection induce expansion of otherwise infrequent leukocyte populations.
We discovered a novel CD11b'Gr-1" myeloid cell population induced upon
experimental infection with Staphylococcus aureus (S. aureus). Novel CD11b*Gr-1"
cells have impaired migratory capacity and superoxide anion producing activity.
However, novel CD11b'Gr-1" cells secrete increased levels of several cytokines
and chemokines compared to their counterparts. We also found functional role of
the novel CD11b*Gr-1" cells during bacterial infection.
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A novel Gr-1* myeloid population that plays
an essential role in mortality during bacterial infection

Yoe-Sik Bae

Department of Biological Sciences
Sungkyunkwan University

SUNGKYUN KWAN
UNIVERSITY

Multiple pathogenic mechanisms in sepsis

SHIEN

Intensity of
inflammatory response

IMMUNE RESPONSE,
IMMUNE PARALYSIS

Dynamic tima-course of the inflammatory response during sepsis

Despite improving hospital care,
one in 1,200 Americans die of severe sepsis annually

Despits impraving hospitai care, 0ne in 1,200 Most peapie in the US and Eurape
Americans Will die of severs sepsis this yoar. have never even heard of sepsis.

Only 2% of haspitalizations are for sepsis, yet they make up Patients hospitalized for sepsis in the US are
17% of in-hospital deaths in the US. sicker and stay longer than ather inpatients.
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Many interventions targeting inflammatory mediator
failed to treat sepsis
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Nat. Med. 2003;9:517

Drotrecogin alfa (activated) (Xigris, marketed by Eli Lilly and Company) is a recombinant form of human
activated protein C that has anti-thrombotic, anti-inflammatory, and profibrinolytic properties.
Drotrecegin alpha {activated) belongs to the class of serine proteases.

However, further evidence is required before it becomes the standard of care.

Many interventions targeting inflammatory mediator
failed to treat sepsis

Intervention
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Antioxidants:
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Nat. Med. 2003; 9: 517

Many interventions targeting inflammatory mediator
failed to treat sepsis
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‘sgn Wit new ragtmint options taTgRYng every stape of the diseae process. Nonethelsss, severs sepsis sbill Witk
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Experimental sepsis animal model:
CLP (Cecal Ligation & Puncture)
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Mature Protocols 4, 31 - 36 (2008)

Phospholipase D hydrolyzes phosphatidylcholine
into phosphatidic acid & choline
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Regulation and cellular roles of PLD
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However, the role of PLD on the pathogenesis
of sepsis has not been studied yet.
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PLD2 deficiency increased survival rate
against polymicrobial sepsis or S. aureus infection
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Pyrosequencing analysis of intestinal microbiota
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Deficiency of PLD2 shows marked increase of
bactericidal activity in CLP sepsis model
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Bacteria killing mechanisms

Killing mechanisms:

Meutrophil extracellular traps (NET)
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Deficiency of PLD2 shows marked increase of
ionomycin-induced NET formation
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Mechanism of "NETosis"”

Peptidylarginine deminase 4 (PAD4)
leads to histone citrullination in neutrophils
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Survival (%)

CXCR2 expression (MFI)

PLD2 deficiency elicits increased neutrophil
recruitment to the inflamed site
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Deficiency of PLD2 shows marked increase of
neutrophil recruitment into BAL by downregulating GRK2
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Deficiency of PLD2 shows marked increase of
neutrophil recruitment into BAL by downregulating GRK2
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Phospholipase D2 drives mortality in mouse polymicrobial sepsis
by inhibiting neutrophil extracellular trap formation and
downregulating CXCR2
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+ Novel Therapeutic Drugs for Sepsis
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CD11b* Gr-1* myeloid cells in myeloid cells lineage
(Cancer condition)
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Neutrophils in infected condition
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A novel CD11b*Gr-1* myeloid cell population is
generated upon experimental S. aureus infection
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Relative gene expression
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Relative gene expression

A novel CD11b*Gr-1* myeloid cell population is
generated upon experimental S. aureus infection
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A novel CD11b*Gr-1+ myeloid cell population generated
from bacterial infection plays essential role in mortality
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Tryptophanyl tRNA Synthetase as a Primary Defense
System against Infection and its Role in Sepsis

Mirim Jin
Department of Microbiology, College of Medicine, Gachon
University
Department of Health Science and Technology, GAIST and Lee Gil

Ya Cancer and Diabetes Institutes, Gachon University Incheon,

Republic of Korea

The N-terminal truncated form of a protein synthesis enzyme, tryptophanyl
tRNA synthetase (mini-WARS1), is secreted as an angiostatic ligand. However,
the secretion and function of the full-length WRS (FL-WARS) remain unknown.
Here we report that the FL-WARSI1, but not mini-WARS1 is rapidly secreted
upon pathogen infection to prime innate immunity. FL-WARS1 was secreted from
monocytes and directly bound to macrophage via a toll-like receptor 4
(TLR4)-myeloid differentiation factor 2 (MD2) complex to induce phagocytosis and
chemokine production. Administration of FL- WARS1 into Salmonella
typhimurium-infected mice reduced the levels of bacteria and improved mouse
survival whereas its titration with the specific antibody aggravated the infection.
The N-terminal 154-amino acid eukaryotic specific peptide of WARS1 was enough
to recapitulate FL-WARS1 activity and its interaction mode with TLR4-MD2 is
now suggested. Based on these results, secretion of FL-WARS1 appears to work
as a primary defense system against infection, acting before full activation of
innate immunity. Consistent with our finding, blood levels of FL-WARS1 were
increased in sepsis patients but not in those with chronic sterile inflammation.
In a retrospective analysis of sepsis cohorts, it was found that plasma WARSI1
levels are not only reflecting sepsis severity and but also predicting outcomes.

The possibility of WARS1 as a theranostic target for sepsis will be discussed.
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Secreted Tryptophanyl (W) tRNA Synthetase (WARS1)
as a Primary Defense System against Infection
& its Role in Sepsis

Mirim Jin, Ph D
College of Medicine, Gachon University
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Human Endogenous TLR Ligand against Infection?
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Aminoacyl-tRNA Synthetase:
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Non-catalytic Signaling Functions of ARSs
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Secretion of ARSs

Pro-angiogenesis

/ Anti-angiogenesis
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Schematic Presentation of
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CLUES

Vibrio cholera

Ellis,C. N., et al., (2015). Comparative proteomic analysis reveals activation
of mucosal innate immune signaling pathways during cholera. Infect Immun
83, 1089-1103.

Human cytomegalovirus

Zhu, H., etal., (1998). Cellular gene expression altered by human
cytomegalovirus: global monitoring with oligonucleotide arrays. Proc Natl
Acad Sci U S A 95, 14470-14475.

Human hepatitis B virus

Wieland, S., et al., (2004). Genomic analysis of the host response to
hepatitis B virus infection. Proc Natl Acad Sci U S A 101, 6669-6674.
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FL-WARS is promptly Secreted by
Infections without de novo Synthesis
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What Does Secreted FL-WARS1 Do ?
Infection and Innate Inmune Responses
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Secreted FL-WARS1 Targets Macrophages
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FL-WARS1 Activates TLR2 and TLR4-MD2 Signaling
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FL-WARS1 directly Binds to MD-2 and TLR4
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Proposed Working Mechanism of FL-WARS1
for TLR4-MD2 Activation

Protein-Protein Docking Study
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Summary

FL-WARS1
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Sepsis

Sepsis “Alife-threatening organ dysfunction due to a
dysrequlated host response to infection”,

Sequential (sepsis-related) Organ Failure Assessment (SOFA)
score > 2 or more-point change as a means of identifying sepsis

Septic shock is defined as “A subset of sepsis where
underlying circulatory and cellular/metabolic abnormalities are

profound enough to substantially increase mortality

" By the 3th International Consensus Definition for Sepsis and Septic Shock-3 (2016)

Current Understanding of Sepsis Pathophysiology
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WARS might be a Theragnostic (Therapy + Diagnosis) Target for Sepsis
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High Levels of WARS1 in the Blood of Sepsis Patients
but not Sterile Chronic Inflammatory Diseases
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Sepsis in Children
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Critical Care Medicine,
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Sepsis 1s common in children.

The World Health Organization reports that almost 6 million deaths are
observed in children under 5 years old every year. The major causes are
infections, including pneumonia, diarrhea, malaria and meningitis. If these
conditions are associated to organ dysfunction, we consider that they are sepsis.

However, we do not have precise epidemiology of sepsis in children yet. A
study from the United States indicates that sepsis occurs at 0.9/1,000 pediatric
population. An international point-of-prevalence study indicates that Pediatric
Intensive Care Unit admission due to sepsis accounts 8.2% of all admissions.
Sepsis mortality is around 20% in children, however, if the patient has
underlying co-morbidity, it increases.

There are several tools developed to predict severity and possible mortality
with sepsis in children. A study focused on c-reactive protein and ferritin levels
and the others focused on the organ dysfunctions. In the organ dysfunction
scoring, hypotension and lactate level in the early phase seem the key.

Immune function associated with sepsis has not been well explored. A study
indicates that both innate and adaptive immunity may be altered by sepsis in
children. Another study indicates that mortality is very common in the patients
with sepsis who presented with macrophage activation syndrome picture.
Immuno- paralysis may occur with sepsis and survivors tend to recover from this
condition but non-survivors do not. The other study presented several phenotypes
of sepsis presentation in children. In this study, one phenotype group may have
higher mortality associated with corticosteroid use, but the other did not see this

relation.
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Global Maternal, Newborn, and
Child Health — So Near and Yet So Far

Zulfigar A. Bhutta, M.B., B.S., Ph.D., and Robert E. Black, M.D.

York ro sign the Millennium Declaration to address some of the greatest

moral dilemmas of our times — unequal global health, poverty, and inequities
in development — and to establish a set of interrelated goals and targets to be met
by 2015. Key goals included the Millennium Development Goal (MDG) 4 targeting
a reduction in mortality among children younger than S years of age by two thirds
and MDG 5 targeting a reduction in maternal mortality by three quarters, both
from 1990 base figures. With less than 3 years to go, despite overall global prog-
ress, these two MDGs are seriously off target for many countries.

Recent assessment of global statistics suggests that despite major gains, among
the 75 so-called Countdown countries that have 98% of all maternal deaths and
deaths among children younger than S years of age, only 17 are on track to reach
the MDG 4 target for child mortality and only 9 are on track to reach the MDG 5
target for maternal mortality.> However, estimates from the Institute for Health
Metrics and Evaluation suggest that 31 countries will achieve MDG 4, 13 countries

3 LITTLE MORETHAN 13YEARS AGO, WORLD LEADERSASSEMBLED IN NEW

Global Maternal, Newborn, and
Child Health — So Near and Yet So Far

B Neonatal Deaths per 1000 Live Births in 2011
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Objectives: In the past decade, ines have been ped

for the early detection and management of severe sepsis in chil-
dren and neonales. However, severe sepsis continues to be a

gnificant U.S. heal problem, ing for over 720,000
annual b Large-scale studies of
severe sepsis continue to be limited, particularly in children. We
present data from 1995, 2000, and 2005 in seven U.S. states,

45% since 2000. This corresponded to an increase in
prevalence from 0.56 to 0.89 cases per 1,000 pediatric popula-
tion. Batween 1995 and 2005, the prevalence of severe sepsis
in newborms more than doubled, from 4.5 to 9.7 cases per 1,000
births. The most common infecting organisms in all 3 years were
Staphylococcus species. From 1985 1o 2005, the case-fatality
rate decreased from 10.3% to 8.9%, Case fatality associated with

aureus i d, wh fatality iated
with Streptococcus pneumoniae decreased by 75%. Nationally,
there were 75,255 pediatric hospitalizations in 2005 involving
severe sepsis, with an associated cost of $4.8 billion.

examining how case mix, outcome, and use for pedi Staphyf
severe sepsis have changed over time.

Design: We con ed a datab including all

hospitalizations for children in the seven states. For each case,

we data on graphic cf istics: the p pal

di; up to six y diag! and six o

as ck hed by the C ifi of Diseases, 9th

Revision, Clinical Modification codes; and in-hospital fatality. We
identified patients with severe sepsis using Intemational Classifi-
cation of Diseases, 9th Revision, Clinical Modif codes for

B 1995 and 2005, the prevalence of
severe sepsis in U.S. chidren steadily rose, due to a signifi-
cant increase in the prevalence of severe sepsis in newbomns.
(Pediatr Crit Care Med 2013; 14:686-693)

Key Words: epidemiclogy; ped critical care;
dialrics; sepsis; severe sepsis

both infection and acute organ failure.

Setting: Retrospective observational cohort dataset from seven
U.S. states from 1995, 2000, and 2005.

Subjects: Children in the U.S. 0-19 years old.

Interventions: None.

Measurements and Main Results: In 2005, 17,542 children were
hospitalized with severe sepsis in the seven states; there was an
81% increase in padiatric savere sepsis cases since 1995 and a

sis and treatment of sepsis have been in place for nearly a
decade (1,2), but severe sepsis continues to be recognized as
a significant healthcare problem (3-7). According to recent esti-
mates by the U.S. Centers for Disease Control, the rate of hospi-
talization for sepsis more than doubled between 2000 and 2008

Inlu i collaborative efforts to imy the diagno-
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Abstract 8.2 % of PICU patients

Rationale: Limited data exist about the international burden of
severe sepsis in critically ill children.

Objectives: To characterize the global prevalence, therapies, and
outcomes of severe sepsis in pediatric intensive care units to better
inform interventional trials.

Methods: A L

respiratory (40%) and bloodstream (19%), Common therapies
included mechanical ventilation (74% of patients), vasoactive
infusions (55%), and corticosteroids (45%). Hospital montality was
25% and did not differ by age or between developed and resource-
limited countries. Median ventilator-free days were 16 (IQR, 0-25),
and vasoactive-free days were 23 (IQR. 12-28). ﬂlx!y-v-:wn pcmcnl
urpmmblwd gan dy at sepsis o

=

Rt

Among snMvoﬁ. I7% dewlnped at least moderate

point study was conducted on 5 days
throughout 2013 zon at 128 sites in 26 cuuntrk: Patients younger

dlsabcllly S.unpiu-m needed to detect a 5- 10% absolute nﬂ-
within & trials are esti

than I8 years of age criteria
were included. Ottcones were severe sepcis point prevalence,
therapies used, new or progressive multiongan dysfunction,

between |es and 1437 patients per group.
Pediatric severe scpsis remains a burdensome public

ventilator- and vasoactive-free days at Day 28, 1 status,
and mortality.

‘Measurements and Main Results; O 6,925 pammnmmm&
569 had severe s B.2%: 95% nterval,

health problem, with prevalence. morbidity, and mortality rates

similar 1o those reported in critically ill adult populations.

International clinical trials targeting children with severe sepsis are
d

sepsis (p
7.6-8.9%). The pallenb median age was 3.0 [mltrqunnlle range
[1QR], 0.7-11,0) years. The most frequent sites of infection were

Keywords: multiple organ failure; sepsis; pediatrics
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Global Epidemiology of Pediatric Severe Sepsis: The Sepsis
Prevalence, Outcomes, and Therapies Study

Scott L. Wes". Julie C. Fi id", John Pwpachan"‘. Derek Wheeler*®, Juan C. Jaramilio-Bustamante®,
Asma Salloo”, Sunit C. Singh®, Simon Erickson”, Jason A. Roy'®, Jenny L Bush', Vinay M. Nadkarni', and
Neal J. Thomas" " for the Sepsis Prevalence, Outcomes, and Theraples {SPROUT) Study Investigators and the

Admission POPC, n (%)

Good performance 290 (51.2) and °Cerwfur
Mild disability 85 (15.0) i Sckool
Meoderate disability 90 (15.9) edcins,
Severe disability or coma 102 (18.0) ol Mediol
Lactate, maximum, mmol/L* 1.8 (1.1-3.5)  Jwersty
Scvo,, minimum, %" 66 (55-75)  Sjheiced
Pao,/Fip,, minimum, mm Hg 158 (96-251) ritcal Care
PIM-3 score® 4.1(1.7-8.7)
PELOD scorel 11 {2-12) viay 15, 2015

Type of PICU admission, n (%)
Medical 460 (81.1)
Surgical, scheduled 53 (9.4) m therapies
Surgical, unscheduled 34 (6.0 :’J“"“‘:‘
Trauma 20 (3.5) P

Source of admission, n (%) || t160QR 0-29),
Emergency department” 167 (29.5) ty seven percent
Hospital floor 158 (27.9) "’i{:";‘-““"
Operating room 50 (8.8) ot
Other hospital** 166 (29.3) Sii G e
Other " —— - 26 (4.6) | ircestimated

| Organ dysfunction present at screening,'' n (%)

Respiratory 469 (82.7)
Cardiovascular 398 (70.2) pisstsintion
Hematologic 175 (30.9) lations.
Hepatic 143 (25.2) severe scpuis are
Neurologic 119 (21.0)
Renal 93 (16.4) s
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Table 2. Site of Infection and Microbiologic Etiology of Severe Sepsis

Characteristic n (%)
Primary site of infection

Respiratory 228 (40.2)
Primary bloodstream 108 (19.1)
Abdominal 47 (8.3)
Central nervous system 25 (4.4)
Genitourinary 21 (3.7)
Skin 20 (3.5)
Other 29 (5.1)
Unknown 89 (15.7)

Microbiology™

Global Epidemiology of Pediatric Severe Sepsis: The Sepsis
Prevalence, Outcomes, and Therapies Study
millo-Bustamante®,

Tntal natients with nasitive isnlate! 271 (AR5 4) # Nadkarni', and
Gram'neqatwe bacteria 158 (27.9) | mvestigators and the
Fs 5| 3 a5
Klebsiella species 36 (6.4) | Pniadeptia, and “Certerfor
Escherichia coli 32 (5.6) nsyvana m W:
Enterobacter species 17 (3.0 ty of Medcine,
Acinetobacter species 14 (2.5) =i Chidren's Humaf Medical
_Oithar &5 (Q 7) &t Ohig; “0

Methlcnlln-rescstant Staphylococcus aureus
Enterococcus species
Staphylococcus epidermis

11471157, May 15, 2015

Streptococcus pneumonia

Other "
Anaerobic bacteria 1:9:;2;,). v.-ntl.:":’
Other hacteria (45%). Hospital mortality was

Funagi

76 (13.4) fieen developed and remurce-

wanaiod species or '(| 1.9) -im:zdlgsllw;:;é {IQR, 0-25),
= - ' - -Seven percent
&Sﬁ;n:g:ﬁus species 35 -0 sepsis recognition, with
I progressive mng-’ n
“eveloped at lesst mo derate
/I 0) i &t 25-10% absolute risk
~ Rhinovirus entional trisk are estimated
Respiratory syncytial virus Ly
Adenovirus s remaing a burdensome public
Cytomegalovirus whidity, and mortality rates
Influenza il adult populstions.
Human metapneumovirus chikdren with severe sepiis are
Epstein-Barr virus
Other virus wepsis; pediatrics
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[ Comorbidity
 No Comorbidity

Mortality in sepsis

(SPROUT Study) %“
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High Levels of Morbidity and Mortality Among
Pediatric Hematopoietic Cell Transplant
Recipients With Severe Sepsis: Insights From the
Sepsis PRevalence, OUtcomes, and Therapies
International Point Prevalence Study*

PCCM 2017; 18:1114-25.
Robert B. Lindell, MD'; Shira J. Gertz, MDY Courtney M. Rowan, MD? Jennifer McArthur, DO%
Florian Beske, MD? Adrian Plunkett, MBBS% Scott L. Weiss, M), MSCE"; Neal ]. Thomas, MD, MSc’;
Vimau M Nadlavam: MY MQE Tulia 7 Bitsaarald MIN DN fae tha Cancie DDavalanca O Itcamae
TABLE 4. Comparison of Outcomes of Patients With Hematopoietic Cell Transplant and
Patients Without Hematopoietic Cell Transplant

Outcomes HCT (n =37) No HCT (n = 530) P

PICU mortality, n (%) 24 (65) 1156(22) < 0.001
Hospital mortality, n (%) 25 (68) 120 (23) < 0.001
PICU LOS (d), median (1QR) 18 (10-36) 15 (7-35) 0222
PICU-free days* out of 28, median (IQR) 0(0-5) 7(0-19) 0.009
PICU-free days® out of 680, median (IOR) 0(0-37) 39 (0-51) 0.001
Hospital LOS (d), median (IQR) 42 (19-74) 26 (13-53) 0.034
Ventilator-free days®, median (IQR) 15 (0-25) 19 (1-25) 0255
Vasoactive-free days®, median (IQR) 23 (17-27) 25 (18-28) 0212
New mild disability in survivors®, n (%) 1(8) 115 (28) 0.193
New moderate disability in survivors®, n (36) 1(8) 72(18) 0.700

Risk of death
in pediatric sepsis
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A Systemic Inflammation Mortality Risk
Assessment Contingency Table for Severe Sepsis
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Objectives: We tested the hypothesis that a C-reactive
and feritin-based systemic inflammation contingency
track mortality risk in padiatric severe sepsis.

Design: Prospective cohort study.

Setiing: Tertiary PICU.

Patients: Children with 100 separate admission epis
severs sepsis were enrolled.

Interventions: Blood samples were attained on day 2 of se
bi-weekly for biomarker batch analysis. A 2% 2 continger
using C-reactive protein and ferritin thresholds was develc
Measurements and Mnin Results: A C-reactive pr
4.08Bmg/dL and a ferritin of 1,980 ng/mL were found to bt
cutoffs for autcome prediction at first sampling (n = 10
the Youden index. PICU mortality was increased in the “t
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Box A

‘Intermediate Risk’

Box B

‘High Risk’

CRP < 4.08 mg/dL, and CRP > 4.08 mg/dL, and
Ferritin > 1,980 ng/mL Ferritin > 1,980 ng/mL
Mortality 0/0 (0%) Mortality 6/13 (46.15%)
Box C Box D

‘Low Risk’
CRP < 4.08 mg/dL, and
Ferritin < 1,980 ng/mL

Mortality 0/44 (0%)

‘Intermediate Risk’
CRP > 4.08 mg/dL, and
Ferritin < 1,980 ng/mL

Mortality 2/43 (4.65%)

PEDIATRIC ORIGINAL

Prediction of pediatric sepsis mortality
within 1 h of intensive care admission

Table 3 Statistically derived pediatric sepsis score
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Box 3. New Terms and Definitions

= Sepsis is defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection.

« Organ dysfunction can be identified as an acute change in total
SOFA score =2 points consequent to the infection.
» The baseline SOFA score can be assumed to be zero in patients
not known to have preexisting organ dysfunction.

» ASOFA score =2 reflects an overall mortality risk of
approximately 10% in a general hospital population with
suspected infection. Even patients presenting with modest
dysfunction can deteriorate further, emphasizing the seriousness
of this condition and the need for prompt and appropriate
intervention, if not already being instituted.

= In lay terms, sepsis is a life-threatening condition that arises
when the body’s response to an infection injures its own tissues
and organs.
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SOFA Score

Table 1. Sequential [Sepsis-Related] Organ Failure Assessment Score®

Score
System 0 1 2 3 4
Respiration
Pao, fFio;, mm Hg 2400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100(13.3) with
(kPa) respiratory support respiratory support
Coagulation
Platelets, x10°/pL 2150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL <1.2 (20) 12-1.9(20-32) 2.0-5.9(33-101) 6.0-11.9 (102-204) >12.0 (204)
(pmol/L)
Cardiovascular MAP =70 mm Hg MAP <70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine >15 or
dobutamine (any dose)®  or D <0.1 p 0.1
or ine<0.1" o >0.1°
Central nervous system
Glasgow Coma Scale 15 13-14 10-12 6-9 <6
score®
Renal
Creatinine, mg/dL <1.2 (110) 1.2-1.9 (110-170) 2.0-3.4(171-299) 3.5-4.9 (300-440) >5.0 (440)
(pmol/L)
Urine output, mL/d <500 <200
Abbreviations: Flo,. fraction of inspired oxygen; MAP, mean arterial pressure; ®Catecholamine doses are given as ug/kg/min for at least 1 hour.
Pao,, partial pressure of oxygen. < Glasgow Coma Scale scores range from 3-15; higher score indicates better
 Adapted from Vincent et al.?” neurological function.

H H Systolic Arterial Serum
Proposal of a New Pediatric Se¢ Syeiolic Artedial ot
Organ Failure Assessment Scollaisiss (mm Hg) (mg/dL)
Validation Odto 1wk 60 0.8
1wk to 1 mo 65 03
Pediatr Crit Care Med 2017;18-98- | 510 1y 70 04
2-5yr 75 06
6-12yr 80 0.7
TABLE 1. Proposed Pediatric Sequential Org 1313, 90 10
Organ Variable 0 1 2 3 4
Respiratory Pao,/Fio, > 400 <400 0, therapy < 300 Noninvasive < 200 Ventilatory < 100 Ventilatory
ventilatory support support support
Hematologic Platelet count > 150 < 150 <100 <50 <20
(x 10%
mm?)
Liver Bilirubin <AL 12-19 20-59 6.0-11.9 >120
(mg/dL)
Cardiovascular  Cardiovascular Systolic arterial  Dopamine< 5 Dopamine > 5 Dopamine > 15
support blood pg/kg/min ug/kg/min or ng/kg/min or
pressure < or dobutamine at adrenaline/ adrenaline/
age-based any dose noradrenaline noradrenaline
cutoff, mm <01 >01
Hg ng/kg/min pg/kg/min
CNS Glasgow Coma 15 13-14 10-12 6-9 <6
Scale
Renal Creatinine <1xage- 1-16 xage- 1.7-2.8 x age-based  2.0-4.1 x age- 2 4.2 x age-based
(mg/dL) based based cutoff cutoff based cutoff cutoff
cutoff
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Figure. In-Hospital Mortality Rate Based on the Maximum Pediatric
Sequential Organ Failure Assessment (pSOFA) Score
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Abstract ]nwcr LPs Induccd TNF - prodn:tmn (P < 0.0001) and lower
phy d IFN-y production (P < 0.0001).
Late i is iated with ial  Among hildr wlth sepsis, early innate and adaptive
|nfen.|on md moﬂlllt)‘ in adults and children mlh u'psls. were iated w‘ll\ greater number

in

PP

<children with sepsis remain unclear.

: Prospective nhwrvztumnl study to test lhe hypolhesu
that early innate and adap
with longer duration of organ dysfum:mn in cluldren with
severe sepsis or septic shock.

Methods: Children younger than 18 years of age meeting
consensus criteria for severe sepsis or septic shock were sampled
within 48 hours ol'sqmlonsct Hnllhy control subjects were
sampled once. Innate i fied by whole
blood ex vivo LPS-induced TNF-a (lumav necrosis fmur»a)

dysfi

of days with mul iple o
greater number of days with nny organ drxfuncnun On
multlvnrinbl: lnilyus, early i innate immune suppression

d with increased multiple
organ dyﬂunclmn syndmmc days (adjusted relative risk, 1.2;
95% confidence interval, 1.03-1.5) and organ dysfunction
days (ldju.urd relative risk, 1.2; 95% confidence interval,
1.1-13).

Conclusions: Critically ill children with severe sepsis or septic shock
demonstrate early i innate and uhplive immune s\q)pmssinn Early
innate and adapti are i

longer durnllom of organ dysfuncuon and may bc llu'fu! lnlrltm'i

production capacity. Adaptive was

by ex vivo phytohemagglutinin-induced IFN-y production capacity. :: I:‘;}fdrg:d:nft:tm i of ¥ p
s mnd Ml Oné hunited two chiid

with sepsis and 35 healthy children were enrolled. Compared Keywords: pediatrics; multiple organ failure; sepsis; immune

with healthy children, children with sepsis demonstrated

system
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Relationships b carly i ; N=102 N=35 N=86 N=35
children with sepsis remain unclear. Innate Ada ptive
Objectives: Prospective obscrvational | C D
that early innate and adaptive immune p=0.04; Mann Whitney p<0.0001; Mann Whilney
with longer duration of organ dysfuncti 2000

severe sepsis or septic shock.

€
Methods: Children younger than 18 ye §
consensus criteria for severe sepsis or s¢
within 48 hours of sepsis onset. Healthy
sampled once. Innate immune function
blood ex vivo LPS-induced TNF-a (turr o
production capacity. Adaplive immune =1
by ex vivo phytohemagglutinin-induced g

(ul:luL)_.

g 8 8
Absolute Lymphocyte Count
{cells / uL)
SERE

and Main a o

with sepsis and 35 healthy children we Sepli
with healthy children, children with se N=102 Hggsh? i:ps“: H’:-;SSW

Early Immune Function and Duration of Organ Dysfunction in Critically
Il Children with Sepsis

Jennifer A. Muszynski'?, Ryan Nofziger®, Melissa Moore-Clingenpeel’*, Kristin Greathouse®, Larissa Anglim?,
Lisa Steele?, Josey Hensley?, Lisa Hanson-Huber?, Jyotsna Nateri®, Octavio Ramilo®®, and Mark W. Hall'#
'Division of Critical Care Medicine and “Division of Pediatric Infectious Diseases, Nationwide Children’s Hospital, Columbus, Ohio; *The

Research Institute at Nationwide Children’s Hospital, Golumbus, Ohio; “Division of Critical Care Medicine, Akron Children’s Hospital,
Alkron, Ohio; and “Biostalistics Core, The Research Inslitute al Nationwide Children’s Hospital, Columbus, Ohio

B
A Innate 1
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Complex Chronic Condition : ————y
‘Complex Chronic Condition ——————t i
i Initial PELOD 2 Score 'l-
Initial PELOD 2 Score %- O — '_
0 1 2 3 ° 1 2
Adjusted Risk of Greater MODS Days Adijusted Risk of Greater
Organ Dysfunction Days
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Adjusted Risk of Greater MODS Days Adjusted Risk of Greater
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Three Hypothetical Inflammation Pathobiology
Phenotypes and Pediatric Sepsis-Induced Multiple
organ Failure ou\tcome* (Pediatr Crit Care Med 2017; 18:513-523)

Joseph A. Carcillo, MD'; E. Scott Halstead, MD'; Mark W, Hall, MD¥; Trung C. Nguyen, MD";
Ron Reeder, PhDDY; Rajesh Aneja, MD'; Bita Shakoory, MD?; Dennis Simon, MD'; on behalf of the
Eunice Kennedy Shriver National Institute of Child Health and Human Development Collaborative

Pediatric Critical Care Research Network Investigators

Design: Prospective cohort study comparing children with severe
sepsis and any of three phenotypes: 1) immunoparalysis-associ-
ated multiple organ failure (whole blood ex vivo tumor necrosis
factor response to endotoxin < 200 pg/mL), 2) thrombocytopenia-
associated multiple organ failure (new onset thrombocytopenia with
acute kidney injury and a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13 activity < 57%), and/or
3) sequential multiple organ failure with hepatobiliary dysfunction
(respiratory distress followed by liver dysfunction with soluble Fas
ligand > 200 pg/mL), to those without any of these phenotypes.
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SINGLE and MULTIPLE CRGAN FAILURE DISTRIBUTION IN 100 SEVERE SEPSIS PATIENTS

Three Hypothetical In
Phenotypes and Pedi
Organ Failure Outcon

Single Organ Failure 25/100 (25%)  Multiple Organ Failure 75/100 (75%)

Joseph A. Carcillo, MD'; E. Scott Halste
Ron Reeder, PhD?; Rajesh Aneja, MD';

Eunice Kennedy Shriver National Instity

. . as v T MOF without Phenotypes 38%
Pediatric Critical Care Research Netwo| s lbmmpeesiigoau o
Immune perelyis with MOF 24%
TAMOF L5%

Design: Prospective cohort study comparing children with severe s s

sepsis and any of three pt : 1) immur ssoci-
ated multiple organ failure {whole blood ex viva tumor necrosis
factor response 1o endotoxin < 200 pg/mlL), 2) thrombocytopenia-
associated multiple organ failure (new onset thrombocytopenia with
acule kidney injury and a disintegin and metalloproteinase with a
thrembospandin type 1 motil, member 13 activity < 57%), and/or fo%)
3) sequential multiple organ failure with hepatobiliary dystunction
{respiratory distress followed by liver dystunction with soluble Fas
ligand > 200 pg/mL), 1o those without any of these phenotypes.

MAS DISTRIBUTION IN 100 SEVERE SEPSIS PATIENTS.
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Abstract My and Main Results: The NanoString-based
data reproduced two septic shock subclasses. As previously.

Rationale: Using data, we p Iy ik i gene one subclass had decreased expression of the subclass-

upm-m b.:snl subclasses stc'pln shock with important defining genes. The gene expression score identified this
The subclass-defining genes correspond to subclass with an ares under the curve of 0.98 (95%

idAph\tunnlulmy d gl 1““|||.D|df!tq-\ul ling, Identifying dence interval [Clys] = 0.96-0.99). |'ru\pm.lwr testing

the subclasses in real time has theranostic implications, given of the subgcl; ion method b | these

the potential for immune-enhancing therapies and controversies findings. Allocation to this subclass was independently

surrounding adjunctive corticosteroids for septic shock. associated with mortality (odds ratio : Clys = 1.2-6.0;
P=0.016}, and adjunctive corticosteroids prescribed at

Objectives: To develop and validate a real-time subclassification physician discretion were independently associated with
method for septic shock. Y o)
e mortality in this subclass (odds ratio = 4.1; Clgs = L4-12.0;
MM(;mc expression dau for the 100 mhlau dtl’uung genes P=0.011).
Mol d using a C We developed and tested a gene expression-based
platform (NanoString nCounter) and ""“""“'d using gene classification method for pediatric septic shock that meets the tinie

expression mosaics. Study subjects (n = 168) were allocated to the
subclasses using computer-assisted image analysis and microarray-
based reference mosaics. A gene expression score was calculated
1o reduce the gene expression patterns to a single metric. The Keywords: scpsis; gene expression: subclassification: adaptive
method was tested prospectively in a separate cohort (n = 132). immunity; glicocorticoids

! e

“ I

"Division of Critical Mare Madirine Cincinnati Childan'e Hoenital M A B c
Cincinnati

San Franci Table 1. Clinical and Demographic Data for the Derivation Cohort

constraints of the critical care environment, and can potentially
inform therapeutic decisions.
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Children's
Wieagar
Moo, Subclass A Subclass B
for Childre:
New Jorsag
University (lin 57 111
Wiedian age (IdR), yi A \uz=29) SU(1o=-71.3)
oMalae_n (02) 28 (B2 a4 (58)
Abstrac’ N
28-d _rtallty n (%) 12 (21)

Rationale: Lomplicated course, n (7o) 24 (a2)
e Median PRISM score (ICJR) 16 (12-23)
Mitvem Median WBC count x10°/mm? (IQR) 10.0 (3.8-16.9)
the subcks Median neutrophil count = 10%/mm? QQR) 6.1 (2.4-11.4)
the potenti Median lymphocyte count x10%mm?* (IQR) 1.8 (0.9-3.5)
sumoundin predian monocyte count % 10%mm? (IQR) 0.6 (0.1-1.4)
Objectivet No. with gram-negative bacteria (%) 11 (19)
method ot N6 with gram-positive bacteria (%) 16 (28)
Methods: NoO. W|th other pathogen lsolated (%) 6 (11)
;:‘}I::"[i iden 24 (42)
expression; | (1 '-9)
subclasses | o] (o) 1(2)
basedrefir No, with immune suppression (%) 3 (5)
!:.'ﬁﬁ:l‘ No. with bone marrow transplantation (%) 1(2)
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gdﬂunﬂ
a‘m?nsﬂ:.
s Subclass A Subclass B
for Children, []
U?\:ﬂf‘kﬂg\/ 01 (n 63 69

Median age (IQR), yr 1.4 (0.3-3.9) 4.1 (1.3-6.6)"
Abstract s n (9%) 34 (54) 39 (R7),

8-d mortality, n (%) 11 (17) 4(5)

Rationale: U!L,ompncated course, n (%) 27 143) 1 (16)"
imesin-t«Median PRISM score (QR) 11 (6-18) 11 (8-19)
LdpivemmMedian WBG count % 10%/mm (I0R) 8.6 (2.9-14.7) 13.4 (6.2-20.8)"
the subclasses Median neutrophil count < 10%/mm? gQR) 4.6 (0.8-8.6) 11.9 (4.8-16.6)"
'fri“":dmml iMedian lymphocyte count x10%/mm? (IQR) 2.3 (1.3-4.3) 1.2 (0.5-2.1)
sumounding \nredian monocyte count x10%/mm?® (IQR) 0.5 (0.1-0.9) 0.5 (0.3-1.2)
°°i;°“'=& No. with gram negative bacteria (%) 17 (27) 12 (17)
method o seiN G with gram positive bacteria (%) 10 (16) 13 (19)
Methods: GeNo. with other pathogen isolated (%) 5 (8) 13 (19)
"I:';‘;':;"['::No. with no pathogen identified (%) 31 (49) 31 (45)
fwmm.‘m.No. with comorbidity (%) 16 (25) 26 (38)
subclasses wsitNO. with malignancy (%) 6 (10) 5(7)
*’“:"‘l"jf";’::No. with immune suppression (%) 6 (10) 9(13)
e iNo. with bone marrow transplantation (%) 0 (0) 3(4)
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Scott L. Weiss®, Julie Fitzgeraid®, Paul A. Checchia®, Keith Meyer'®, Thomas P. Shanley'’, Michae!l Quasney'",
Mark Hall'?, Rainer Gedeit'®, Rabert J. Freishtat'*, Jeffrey Nowak'®, Raj S. Shekhar'®, Shira Gertz'”, Emily Dawson'®,

Outcome Variable | Independent Variable | Odd Ratio 95% C.I. P value
Subclass A Mortality
n=120 n=23 PRISM Score J_ 1109 | 1.044—1179 | <0.001 |
\l Corticosteroids | 4070 | 1386-11.947 | 0011 |
| Age B | 1107 | 0.932-1.315 | 0.248
| Comorbidity 0938 | 0.263-3.345 [ 0.921
Complicated Course
n=51 PRISM Score 1.080 1.031-1.131 0.001
Corticosteroids 1.897 0.865—-4.160 0.110
Age 0.980 0.855-1.122 0.765
Comorbidity 0.749 0.290 - 1.934 0.550
| Subclass B Mortality
N =180 N=15 PRISM Score 1.122 1.058 - 1.180 <0.001
Corticosteroids 1.125 0.348 - 3.638 0.844
Age 1.032 0.870 - 1.224 0.720
Comorbidity 0.570 0.166 — 1.953 0.371
Complicated Course
N =37 PRISM Score 1.106 1.058 - 1.157 <0.001
Corticosteroids 1.109 0.496 - 2.478 0.802
Age 1.009 0.895-1.137 0.889
Comorbidity 0.4861 0.195 - 1.088 0.077

Pediatric sepsis

* Epidemiology: still unclear

* Risk factors
* Underlying disease (Hem-Onc)
* Shock
* High lactate levels
* Number of organ dysfunctions
* Ferritin?
* Other biomarkers?
* Immune functions
* Need to be explored

Thank you for your attention
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Role of Circulating Mitochondrial N-Formyl Peptides in
Patients with Septic Shock

Woon Yong Kwon

Department of Emergency Medicine, Seoul National University

College of Medicine, Seoul, Republic of Korea

Secondary nosocomial infections were associated with an increase in mortality
of septic shock patients who survived from the early hyper-inflammatory phase.
To prevent secondary infection, neutrophil (PMN) should migrate to secondary
infective sites (chemotaxis, CTX). Among mitochondrial damage-associated
molecular patterns (DAMPs) released from injured tissues, mitochondrial
N-formyl peptides (mtFPs) bind to formyl peptide receptor 1 (FPR1) on PMN
membrane, induce homologous and heterologous desensitization of G
protein-coupled receptors, suppress PMN CTX to bacterial FPs in secondary
infective sites, and increase susceptibility towards secondary nosocomial infection.
Therefore, we hypothesized that septic shock would induce mtFPs release from
damaged tissues during the early hyper-inflammatory phase and that released
mtFPs would contribute to a development of secondary infections and an increase
in delayed mortality of septic shock patients who survived from the early
hyper-inflammatory phase.

This was a retrospective observational study using prospectively collected
clinical data and plasma samples. We enrolled healthy volunteers and septic
shock patients who were admitted from the emergency department (ED) to the
emergency intensive care unit (EICU) from February 2016 to January 2019.
Exclusion criteria were age < 18 years old, death or survival discharge from the
ICU within 72 hours post-ICU admission, transfer to other facilities within 72
hours, presence of an advanced directive to withhold or withdraw life-sustaining
treatment, no informed consent, insufficient blood samples, or follow-up loss.
Septic shock was diagnosed and managed according to the SEPSIS-3 guideline.
After admission to the ICU, we collected demographic and laboratory data. Blood
samples were obtained from patients at 0, 24, and 72 hours after the admission
to the EICU through an arterial catheter. Among 13 human mtFPs, the most
potent agonist for calcium mobilization and PMN chemotaxis was nicotinamide
adenine dinucleotide dehydrogenase subunit 6 (ND6) followed by ND3, ND4,
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ND5, and cytochrome c¢ oxidase subunit 1 (Coxl). Therefore, in the present
study, we measured the plasma ND6 level using a Human NADH-ubiquinone
oxidoreductase chain 6 (MT-ND6) ELISA Kit. The primary outcome was a
development of secondary infections including ventilator-associated pneumonia
(VAP), central line-associated blood stream infection (CLABSI), and
catheter-associated urinary tract infection (CAUTI) during hospital stay. The
secondary outcome was the 90-day mortality. Cumulative survival and secondary
infections were analyzed using the Kaplan-Meier survival analysis with Log-rank
post-hoc test. Demographic and laboratory data were analyzed using the
Student’s t-test and Chi-square test. Serial data were analyzed wusing the
stepwise logistic regression analysis (with an entry level of 0.05 and a stay level
of 0.05). Then, to find out which parameters were independently associated with
primary or secondary outcomes, the multivariable logistic regression analysis was
applied.

Among 189 patients admitted to the EICU with septic shock, 92 patients were
excluded, and 97 patients were enrolled. Sixty-two patients (63.9%) were 90-day
survivors, and thirty-five (36.1%) were 90-day non-survivors. In fifteen patients
(15.5%), secondary infections were developed. Mechanical ventilator was applied
to 39 patients (40.2%). Central venous and urinary catheters were inserted to 97
patients (100.0%). VAP, CLABSI, and CAUTI were developed in 5, 9, and 2
patients, respectively. In one patient, VAP and CLABSI were simultaneously
developed. Most of the secondary infections were developed from 4 to 25 days
post-EICU admission. The plasma ND6 level in secondary infection-positive
patients was continuously higher than that in secondary infection-negative
patients at 0, 24, and 72 hours post-EICU admission (p < 0.001). The plasma
ND6 level in 90-day non-survivors was also continuously higher than that in
90-day survivors at 0, 24, and 72 hours post-EICU admission (p = 0.015). In
multivariable analysis, the higher plasma ND6 level at admission was
independently associated with a development of secondary infections (odds ratio =
1.003, 95% confidence interval 1.001 - 1.005, p = 0.002), but was not
independently associated with an increase in 90-day mortality (odds ratio =
1.000, 95% confidence interval 1.000 - 1.001, p = 0.080). However, the
cumulative mortality of secondary infection-positive patients was significantly
higher than that of secondary infection-negative patients (p < 0.001). In
particular, the mortality of secondary infection-positive patients rapidly increased
from 14 days post-EICU admission.

In septic shock patients, mtFPs were released from damaged tissues into

circulating blood. Circulating mtFPs contributed to a development of secondary
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nosocomial infections resulting in an increase in the 90-day mortality of septic
shock patients who survived from the early hyper-inflammatory phase. These
results indicate that the elimination of circulating mtFPs may be considered as a
noble therapeutic strategy to prevent a development of secondary infections and

the subsequent delayed mortality in patients with septic shock.
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