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ABSTRACT

Abstract

Background: Neonatal sepsis represent a major challenge in public health, where is the third
most common cause of death of newborns. Neonatal sepsis characterized by misunderstood
either at the molecular or at the cellular level. Here, in our study, we investigated the role of
miRNA-23b in neonatal sepsis, and we studied the effect of reactive oxygen species in the
activity of endothelial cells in sepsis.

Methods: Our study has two main parts. A prospective study based on Fifty-four
newborns suspected sepsis. By RT-gPCR, we quantified the level of miRNA-23b

in hemoculture.

Via an ex-vivo model, we used the umbilical cord, which's divided into four groups. Where the
exposure to oxidative stress caused by CuSO4 and sepsis by Staphylococcus aureus. After 1
hour of incubation, we isolated endothelial cells and studied them.

Results: our study showing the relationship between sepsis and miRNA-23b, where We have
shown that miRNA-23b levels increased in premature and full-term newborns in the case of
EOS (p < 0.001 and p < 0.005 respectively), but decreased in LOS (p < 0.005). And proved the

negative correlation between newborns who died from sepsis and miRNA-23b level.

In the ex-vivo model, we have shown endothelial cells behaved differently against bacteria in
the four conditions With betamethasone and without CuSO4, we noted the translocation of
bacteria to the blood with a decrease in the level of miR-23b. Injection of CuSO4 into the blood
induces a change in the activity of ECs and neutralizes the level of miR-23b, contribute to the
defense against the translocation of bacteria in the blood.

Conclusions: The decrease in miRNA-23b levels would undoubtedly be an important factor
favoring the development of neonatal sepsis. In addition to the protective role of copper-induced
oxidative stress, activated endothelial cells promoting the pro-inflammatory response in the

blood may help prevent the translocation of S. aureus to the blood.

Key words: Neonatal Sepsis, Endothelial Cells, Reactive Oxygen Species (ROS), miRNA-
23b.



ABSTRACT

Résumé

Introduction : La septicémie néonatale représente un probléme majeur de santé publique ou
elle est la troisiéme cause de déces chez les nouveau-nés. Septicémie néonatale caractérisée par
une incompréhension que ce soit au niveau moléculaire ou cellulaire. Ici, dans notre étude, nous
avons étudié le role du miARN-23b dans la septicémie néonatale, et nous avons etudié I'effet
des espéces reactives de lI'oxygene dans I'activité des cellules endothéliales dans la septicémie
néonatale.

Matériel et Méthodes : Notre étude comporte deux parties principales. Une étude prospective
basée sur Cinquante-quatre nouveau-nés suspectés de septicémie. Par RT-gPCR, nous avons
quantifié le niveau de miRNA-23b en hémoculture.

Via un modéle ex-vivo, nous avons utilisé le cordon ombilical, qui est divisé en quatre groupes.
Ou L'exposition au stress oxydatif causé par le CuSOs et la septicémie par Staphylococcus
aureus. Aprés 1 heure d'incubation, nous avons isolé les cellules endothéliales et les avons
étudiées.

Résultats : notre étude montrant la relation entre la septicémie et le miRNA-23b, ot nous avons
montré que les niveaux de miRNA-23b augmentaient chez les nouveau-nés prématurés et a
terme dans le cas de septicémie précoce (p < 0,001 et p < 0,005 respectivement), mais a diminué
en cas de septicémie tardif (p < 0,005). Et a prouvé la corrélation négative entre les nouveau-
nés décédés par septicémie et le niveau de miRNA-23b.

Dans le modeéle ex-vivo, nous avons montré que les cellules endothéliales se comportaient
difféeremment contre les bactéries dans les quatre conditions. Avec betaméthasone et sans
CuSOs, nous avons noteé la translocation de bactéries au sang avec une diminution du taux de
miR-23b. L'injection de CuSOs4 dans le sang induit une modification de I’activité des EC et
neutralise le taux de miR-23b, contribue a la défense contre le Translocation de bactéries au
sang.

Conclusions : La diminution des niveaux de miARN-23b serait sans aucun doute un facteur
important favorisant le développement de la septicémie néonatale. En plus du réle protecteur
du stress oxydatif induit par le cuivre, les cellules endothéliales activées favorisant la réponse
proinflammatoire dans le sang peuvent aider a prévenir la translocation de S. aureus au sang.

Mots clés : Septicémie Néonatale, Cellules Endothéliales, Espéces Réactives de I'Oxygene
(ROS), miRNA-23b.
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INTRODUCTION

Introduction

Understanding the distribution of causes of death in newborns is important for the
identification of appropriate interventions and program priorities. Where augmented in
early life (0-6 days of age) with a different causes [1]. The main cause for this is the
neonatal immune system. It is characterized by their immaturity, based primarily on

innate immunity responses [2, 3].

Each sepsis that occurs in the first 28 days of life is called ‘neonatal sepsis’. Its takes
an important place in the public health problem to end the high level of mortality
and morbidity [4, 5]. As bacteria and viruses are the most common causative agents;
while than the diagnosis of fungi and parasites in sepsis is small compared to bacteria,
but important in the etiology of neonatal sepsis [6, 7]. The diagnosis of neonatal sepsis
has so far been considered a challenge, it is commonly proven by haemoculture results,
which can take many days and suffer from contamination and false negatives [8, 9].
Empirical antibiotic therapy is common, even the consumption of antibiotics by
a newborn can increased the risk of the emergence of multi-resistant strains; while

delaying or stopping the use of antibiotics may lead to death in the newborn [10, 11].

When we try to understand sepsis in newborns, we must have a good understanding of
the mechanism of sepsis in general. Sepsis as a term has undergone many developments

in definition over time based on various discoveries.
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In 2010, different groups redefined sepsis as acute endothelial dysfunction has been
highlighted in response to intravascular and extravascular infection causing reversible
or irreversible injury responsible for the failure of many organs [12, 13]. These recent
definitions highlight the major role of endothelial cells. these cells play several
physiological functions such as controlling vascular tone and blood flow by regulating
the local balance between vasodilators, maintaining the fluidity of the blood to prevent
thrombosis, controlling the exchange of fluids and macromolecules between blood and
tissues, and maintaining the local balance between pro-inflammatory and anti-
inflammatory mediators [14]. Endothelial dysfunction is dependent to the decrease of
vascular nitric oxide (NO) bioavailability caused by reactive oxygen species (ROS)

consumption [15, 16].

The development of science and the methods used in scientific research, led to
discoveries of epigenetic modifications important in determining the activity of genes.
The main actor of epigenetic regulation are DNA-methylation, histone modification,

and non-coding-RNA.

microRNAs (miRNA, miR), are class of small non-coding regulatory RNAs
with 19 to 22 nucleotides of length. This small miRNA is a high conserved single-
stranded RNA, expressed in ubiquitous manner in eukaryotic organisms. Thus, miRNA
can inhibit the expression of target genes by their binding to specific mMRNA molecules

to inhibit their translation to proteins or to degrade them [17, 18].

Usually, to establish a sepsis diagnosis in newborns, a haemoculture is required, as
this is the most common traditional criterion. Studies such as the demonstration of the

role of ROS or miRNAs in neonatal sepsis remain few.
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Indeed, most of them require high-precision technology with very expensive funding in
hospitals. In addition, sampling for these studies is a major constraint. For this reason,

these studies remain limited.

Based on this, to carry out our work we made the following proposal: In two stages.
In the first stage, we performed statistics at the Neonatology Department of Mother &
Child Specialized Hospital Establishment (EHS) of Tlemcen to characterize the target
group of our study, identify the microorganisms responsible for sepsis, in addition to
evaluating the role of microRNA-23b in blood culture instead of obtaining blood
directly. In a second step, we relied on an Ex vivo model to study the role of reactive
oxygen species in neonates through the creation of oxidative stress by CuSO4 and
causes sepsis by staphylococcus aureus in the umbilical cord. In addition to the effect
of these molecules on the activity of endothelial cells by 2D (2-dimension) culture, we

also measured the rate of mMiRNA-23b secretion by these cells.
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CHAPTER 1: BIBLIOGRAPHIC REVIEW

Chapter 1: Literature part

1. Definition

1.1. Sepsis

The first definition of sepsis appear in 1914 by Hugo Schottmdiller : “sepsis is a state
caused by microbial invasion from a local infectious source into the bloodstream which
leads to signs of systemic illness in remote organs” [19]; a remarkable note on this
definition is that it is based on the power of pathogen. After a while, William Osler was
the first who highlighted the central role of the host-response in sepsis: “except on few
occasions, the patient appears to die from the body’s response to infection rather than
from the infection.” This observation represents a turning point in modern infection
science as it clarifies the role of the host's response to infection [19]. In 2010, different
groups redefined sepsis as: “severe endothelial dysfunction syndrome in response to
intravascular and extravascular infections causing reversible or irreversible injury to the
microcirculation responsible for multiple organ failure” [12, 13]. Judging from these
definitions can be argued, an ideal treatment for sepsis should include anti-microbial,
anti-inflammatories, and microcirculation protection to avoid the systemic
inflammatory response which results in the so-called "cytokine storm" which is

particularly deleterious in neonatal sepsis [2].
1.2. Neonatal sepsis

Neonatal sepsis (NS) is diagnosed in newborns as young as 28 days old and consist of
clinical syndrom that may include systemic signs of infection, circulatory shock, and

multiple organ failure [20, 21].
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Sepsis is diagnosed most often by haemoculture "gold standard”, but it is not a
mandatory requirement for sepsis. in newborns suspects sepsis with negative blood
culture and other sterile site cultures, may be considered to have “clinical sepsis” [9,
22, 23]. According to time of sepsis, neonatal sepsis could be divided into two types,

early and late onset sepsis.

1.2.1. Early onset sepsis (EOS)

Sepsis that occurs during the first 72 hours to the first week of life [6, 7, 24, 25].
Benirschke had identified this kind of sepsis for the first time in 1959, under the name
of “amniotic infection syndrome”. In where it was indicated that there is a vertical
transition of bacteria from mother to infant before or during delivery [26]. The major
risk factor is the premature rupture of the membrane [27] in addition to the very-low
birth weight of infants (VLBW < 1500 g) [28]. While that intrapartum antibiotic
prophylaxis can decreased the risk of EOS [27-29]. The most dominant micro-
organisms in the case of EOS: Group B streptococci, Escherichia coli, Streptococcus
viridans, Staphylococcus aureus, Pseudomonas aeruginosa, Enterococci, and other
gram-negative bacilli [29]. The treatment of confirmed patients was an average of 12.3
days with increased administration of cefotaxime, while unconfirmed EQOS lasted an

average of 6.1 days with gentamicin and ampicillin [9].

1.2.2. Late onset sepsis (LOS)

The LOS occur between 73 h and 28 days after birth [6, 7, 24] and includes all infection
postnatal nosocomial or community environment. Its appears after 3 days, with the peak

incidence reported to be between the 10th and 22nd day of life [30].
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Premature newborns, particularly VLBW preterm infants the most vulnerable group to
the disease. This is due to immaturity of the immune system, prolonged hospitalization,
and mechanical ventilation for a long time, use of indwelling catheters, endotracheal
tubes, and other invasive procedures. The majority of microorganisms isolated during
LOS are : Coagulase-negative Staphylococci, Staphylococcus aureus, Candida
albicans, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Enterococci, Group B streptococci [29, 30]. The treatment of confirmed patients lasted
for an average of 11.4 days and treatment of unconfirmed LOS lasted an average of 7.8
days. The primarily treatment based to vancomycin and gentamicin, whereas the use of

cefotaxime is limited to LOS in some unconfirmed cases [9].

1.2.3. Symptoms of neonatal sepsis

There are no specific symptoms to identify neonatal sepsis. En general including
respiratory distress, cyanosis and apnea, fever or hypothermia, hypotonia, feeding
difficulties, seizures, lethargy or irritability, bulging fontanel, poor perfusion, bleeding
problems, abdominal distention, gauiac-positive stools, hepatomegaly, unexplained
jaundice, or more importantly, “just not looking right”. Infants with hypoxia—acidosis
may gasp in utero and lead to pneumonia and meconium aspiration [29]. More detailed

in the Table .1.1.

Table .1. 1 Neonatal characteristic of sepsis: bacterial/fungal/viral [31].

LEVEL 1 LEVEL 2 LEVEL 3
Recognized pathogen Not meeting Level 1 of evidence ~ Not meeting Level 1 or 2 of
identified using a validated evidence

method and from a normally
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sterile site if an organism

normally considered non-
pathogenic is isolated from
blood cultures Level 1,
requires its identification from
at least 2 blood cultures taken
from two different sites, or at
2 different times, PLUS 1 of
the criteria as per level 2 of

evidence

AND

3 or more criteria:

* Temperature >37.5°C or

<35.5°Cf

+ Tachycardia or new or more

frequent episodes of bradycardia

* New or more frequent episodes
of apnea or increased oxygen
requirement or increased

requirement  for  ventilatory

support

* Lethargy or moving only when
stimulated or hypotonia or

irritability

+ Difficulty in feeding or

abdominal distention

» Pallor or poor perfusion or

hypotension

« Abnormal White Cell Count or

I/T ratio >0.2

* Abnormal platelet count d

* Increased inflammatory markers

(CRP, procalcitonin)

AND

2 or more of the following

criteria:

* Temperature >37.5°C or

<35.5°C'

» Tachypnea or severe chest

indrawing or grunting or

cyanosis

+ Change in level of activity

* History of feeding difficulty

* History of convulsions
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*» Metabolic acidosis as defined by

a base excess

1.2.4. Epidemiology

Worldwide, a systematic review that looked at the global burden of neonatal sepsis from
1979 to 2016 showed an annual incidence of 3 million newborn sepsis cases with a
mortality rate of 19 % [21]. The World Health Organization (WHO) estimates that more
than 1 million neonatal deaths worldwide annually are caused by severe infections, and
~1 million deaths are due to neonatal sepsis or pneumonia alone. Where the Morbidity
of NS differs significantly from country to country. In developed countries, The
incidence of NS varies from 1 to 5 cases per 1,000 live births, but increases in
developing countries, varying from 49 to 170 per 1,000 [32]. Although, approximately
7 % to 13 % of all neonates are worked up for sepsis, but only 3 % to 8 % develop
positive cultures [25]. In a study in the United States, approximately 400.000 babies
were evaluated and the rate of EOS was found to be 0.98 per 1000 live births, mothers
of 57 % of babies diagnosed with EOS were reported to have group B
streptococcal prophylaxis [33]. In the polyvalent neonatology department wish is
located in western Algeria (Tlemcen), the predominant cases were sepsis which ranked
(76 %) of all cases. In other study published in 2015; carried out in the department of
neonatlogy of Tlemcen; declared that: The majority of infected newborns (91.5 %)

received antibiotic therapy on entry, while 22 % of them for suspected EOS [34].
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1.2.5 Risk Factors of neonatal sepsis

In addition to the aforementioned reasons, we also find low levels of trans-placental
maternal 1gG levels in preterm, fetal distress, low APGAR score, resuscitation of the
baby, and multiple pregnancies increase the risk of EOS in developing countries. Also,
include inadequate antenatal care, high rate of home birth, unsanitary birth and
umbilical cord care practices, and late recognition of conditions that pose a risk of
infection in the mother or baby. Whereas, many invasive procedures in LOS are present
such as: frequent blood sampling, intubation, mechanical ventilation, catheter/probe
insertion, insufficient breastfeeding, long-term parenteral nutrition, low stomach acid,
and surgical interventions [33]. There are also other common factors associated with
pain, among them: chorioamnionitis, early rupture of membranes for more than 18
hours, maternal fever during childbirth (> 38° C), childbirth before 37 weeks of
pregnancy, colonization of streptococcus from the maternal group GBS (Group B
Strep), and other cases of it augmented the risk of developing GBS infection in the

newborn [35, 36].

1.3. Neonatal immune system

The neonatal immune system is a complex structure, evolved in a convoluted step-wise
manner [37] (Figure.1.1). In many ways, the immune system early life of newborns is
the result of the immune environment during pregnancy in the early stages of embryonic
life [38]. Many studies have shown that several perturbations of the immune
system development in neonates may be induced by the mother’s nutritional imbalance,
both deficiency, and excess. Thus, can have a susceptibility to infections at early birth

or later-life risk of immune-mediated or inflammatory diseases [39].
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The neonatal immune system must first distinguish between self and non-self, and then
quickly distinguish between benign or even “useful” non-self like the commensal

microbiome and potential pathogens [40].

During this period of immune education, the developing immune system must strike a
delicate and pathogen-specific balance between inducing potentially damaging pro-
inflammatory responses mediated by type 1 T helper (Th) cells (Thl) and some Th17
type cells. Less damaging inflammatory responses (e.g, Th2-like) or even suppressive
responses mediated by regulatory T cells (Treg) [40] (Figure 1.1). Induction of
suppressive responses may seem counterintuitive when dealing with potential
pathogens, such responses appear essential to prevent the fetus from overreacting to
maternal antigens or colonization of the neonatal gut and other body surfaces by the

normal microbial [40].
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at birth
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A
T Higher at birth
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After Birth

Rapid depletion of neonatal bone
mamow leading to release of
immature bandforms

Gradually decline to adult levels
by 5 years of age

Neonatal DCs show subset
specific development. For
maturation
mDCs:3m ; pDCs/moDCs: 6:9m

Gradual 1 first 2 postnatal
weeks , Decline | from 3"
week to adult

1 Stably after birth, peak (1-6
wk) Gradual decline from 2
years age to adult

1 1% week, stable for 3 m &
| during childhood o adult
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Phenotypic and functional
characteristics in Neonatal Period

| expression of migration receptors
Impaired Chemotaxis
| ability to deform & travel to site of
infection
1 Respiratory Burst & superoxide production

| cytoplasmic granules
| degranulation ability

l Low cytotoxic capacity,

| Expression of MHCII, CD40, CD80, CD86,
ICAM-1
Bias against Th1 cell polarizing cytokines

| Expression of MHCII
Impaired Antigen presentation

95% neonatal B cells - naive immature

phenotype
} costimulatory molecule CD40 ligand
Low levels of memory B cells

Contain high conc. of TRECs
> Susceptibility to apoptosis, high cell urnover
Naive phenotype CD45RA+
| expression of CD154, NFAT and < IFNy
CD25+ reg T cells inhibit proliferation of Th Tc
cells

Figure.l. 1 Characteristics of immune cells during the neonatal period. NK: Natural
killer, PMN: Poly-morpho-nuclear leukocytes, DC: Dendritic cells, ICAM-1: Intercellular adhesion
molecule 1, TRECs: T cell receptor excision circles, NFAT: Nuclear factor of activated T-cells, MHC:
Major histocompatibility complex [2].

1.3.1. Adaptive neonatal immunity

Overall, Newborns are developing the immune system with little immunological
memory, which increases their vulnerability to infectious agents. Recent advances in
understanding of neonatal immunity indicate that both innate and adaptive responses
are dependent on precursor frequency of lymphocytes, antigenic dose and mode of

exposure [41] (Figure.1.2).
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Many studies in different model neonatal, mouse models or human umbilical cord blood
cells demonstrate the difference between neonatal and adults immune cells to produce
immune responses [41] . Precisely, the adaptive immune response in neonates differs
dramatically from that of children and adults (Figure.1.2). Neonatal T cells have been
categorized as being both anti-inflammatory and tolerogenic (Figure.1.2), a functional
phenotype that appears to be programed into the hematopoietic stem cell (HSC)
development of neonates. Moreover neonates possess HSCs whose T cell lineage is
biased toward tolerance [42]. T-dependent humoral responses to vaccines and natural
infections have been reported to be diminished, delayed, and short-lived in newborns
compared to responses in adults [43]. Neonatal T helper demonstrate an excess of Th2
responses (IL-4, IL-5, IL-10) important to allergies, with a decrease production of Thl
cytokines (IFN-y, IL-2, and TNF-a) implicated counter microbes. Suppression of
interferon (IFN-y) secretion by Thl cells was shown to be due to higher expression and

secretion of IL-4 by Th2 [44].

Multi-potent lymphoid progenitors in human cord blood with CD34+CD7+ and
CD34+CD10+CD19+ differentiate to become B cells, by high regulation of multiple
factors including cytokines, stromal cells, transcription factors and extracellular matrix
components. The maturation and differentiation of fetal B-cells involves activation of
transcriptional factors in a stepwise manner, the somatic V, D, J and H exons
recombination of immunoglobulin genes leading to accumulation of immunoglobulins
IgD and IgM molecules on B cell surface [41]. The deficiencies in neonatal antibody
production due to various features such as B-cell immaturity, poor B-cell repertoire or
reduced strength of BCR (B-cell receptor) signaling. Deficient to produce antibodies

upon T-independent antigen stimulation [41].
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This deficient can be related to higher expression of negative regulators of BCR
signaling or cross-linking of antigen to BCR molecules. Alternatively, by the high
density of IgM molecules, low expression of complement factors C3d and
CD21/CD22. Further, defects in the nuclear signaling pathway such as NF-xB (nuclear

factor-kappa B ) [41].

1.3.2. Innate neonatal immunity

The neonatal immune system is characterized by its plasticity and high tolerance,
these are due to both the fetal development during gestation as well as significant
sudden changes in the fetal environment and enormous exposure to the new antigens
and intestinal bacteria and their products. This “quiescent mode” of the innate immune
system is part of a highly regulated process to fulfill all requirements of the multi-
layered process of early life, implemented effectively through the cells of the innate
immune system [37]. Neonatal neutrophils have both quantitative and qualitative
deficiencies. At birth, the number of neutrophils ranges from 1.5-28 x 10° cells/L
blood, compared to steady state levels of 4.4 x 10° /L in adults [41] (Figure.1.1).
Besides, in mononuclear cells from the umbilical cord, deficient the production of IL-
12 may have a role in inadequate IFN-y production, which contributes to the

unique susceptibility of neonates to GBS infections [45] (Figure.1.2).

B streptococci, Escherichia coli, Listeria monocytogenes, herpes simplex virus (HSV),
Epstein-Barr virus (EBV), cytomegalovirus (CMV), respiratory syncytial virus (RSV),
varicella-zoster virus (VZV), Toxoplasma gondii, and Candida species, can cause
infections in utero, intrapartum, and postpartum induce fetal and neonatal innate

immune responses [46].
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Exposure to recombinant human IFN-y can activate cord blood neutrophils where
enhanced chemotaxis and increased concentrations of free intracellular calcium. These
data suggest that this developmental defect in phagocytic cell movement may be the
result of an intrinsic defect in IFN- y production resulting in a deficiency of this critical
phagocyte-activating lymphokine [47]. The “Complement system” is an important
component of innate immunity, all major components of the complement cascade, such
as Clg, C4, C3, properdin, and factor B are decreased in newborns. Induced
complement system under development and does not function in its full capacity, which

may lead to higher susceptibility to the infections and other pathological conditions [2].
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Adaptive Immunity

- Higher percentage of CD4 T-cells

/ I \"\ - Abundant regulatory T-cells
f \ « Predominance of Th17 cells
) - Presence of anti-inflammatory and toleragenic T-cells

- Increased susceptibility of T-cells to apoptosis

- Diminmished T-cell cytokine response

- Diminished mitogen-induce lvmphocyte proliferation
- Diminished B cell receptor signaling

T-Cell

- Low serum immunoglobulin concentrations

Innate Immunity

« Diminished pro-inflammatory response

- Deficiency i cytokine production

- Downregulation of nuclear factor-kB pathway

- Diminished upregulation of TNFa related genes

- Impaired neutrophil adherence, chemotaxis, phagocytosis
- Diminished neutrophil respiratory burst activity

- Delayed release of neutrophil extracellular traps
Neutrophil - Diminished dendritic cell maturation

- Diminished antigen presentation and pattern receptor signaling

Dendritic cell

Monocyte

Figure.l. 2 Distinct features of the neonatal immunity [42]. Differences in general
characteristics of innate and adaptive immunity in the newborn and main cells implicated

1.4. Endothelial cells

1.4.1. Endothelial cells (ECs)

The endothelium is composed of vascular endothelial cells, which are organized in a
single cell layer, on the luminal side of all blood vessels [48]. In previous decades, it
has been evident that the endothelium is by no means a passive inner lining of the blood

vessels. This "organ™; with a large surface area (~350 m? ) and relatively small total

mass (~110 g) [49].
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It is actively involved in vital functions such as the control of the degree of vascular
relaxation and constriction, the extravasation of solutes, fluids, macromolecules, and
hormones, as well as that of platelets and blood cells. Intervenes in the control of
vascular tone, where EC regulates regional blood flow. During an immune response,
they direct inflammatory cells to foreign materials, areas to be repaired, or to defend
against infection [50]. Moreover, the ECs play a major role in inflammation and
angiogenesis. Also, to their important role in controlling blood flow, platelet
adhesion/aggregation, activation, adhesion, and transmigration of leukocytes.
Important morphological, physiological, and phenotypic differences between ECs in
different parts of the arterial tree and between arteries and veins, in the various organs

optimally support their specified functions in these vascular areas [50].

1.4.2. Structures

The continuous endothelium covers most of the arteries, veins, and capillaries of the
brain, skin, lungs, heart, and muscles. ECs are coupled by tight junctions and anchored
to a continuous basement membrane. Fenestrated endothelium is associated with a
continuous basement membrane and is characterized by the presence of trans-cellular
pores 50 to 60 nm wide, which are sealed by a diaphragm 5 to 6 nm thick (Figure.1.2).
This is observed in tissues with high trans-endothelial transport or an increased filtration
role, such as endocrine and exocrine glands, gastrointestinal tract, choroid plexus, renal
glomeruli and renal tubule subpopulations. Discontinuous endothelium is associated
with a poorly structured basement membrane and is characterized by the presence of
large windows 100 to 200 nm wide without a diaphragm, this occurs mainly in the

sinusoidal vascular beds of the liver, but also the spleen and bone marrow [51].
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VE-cadherins among cell-to-cell junctions in the vascular endothelium (VE), its surface
adhesion glycoproteins that form a “zipper-like" structure at the base of ECs and are
connected to cytoskeletal components underlying, such as (-catenin. VE-cadherins
composed of adherent junctions (AJ) and tight junctions (TJ) [52]. In addition to VE-
cadherins and TJs, other adhesion proteins facilitate the integrity of vascular endothelial
barriers, intercellular adhesion molecule-1 (ICAM-1, CD54), ICAM-2, platelet
endothelial cell adhesion molecule (PECAM)-1 (CD31), CD34, and endoglin. Facing
the vascular lumen, ECs express transmembrane glycoproteins that contribute to the
first contact and rolling of leukocytes, mainly P-selectin and E-selectin.
Immunoglobulin-like molecules as ICAM-1, ICAM-2 PECAM-1, and VCAM-1,
interacting with integrins (expressed on leukocytes) to firm adhesion and extravasation
processes [53]. The endothelium in newborns are different in structure and physiology
from those in adults and may play an important role in the pathogenesis of neonatal

sepsis [54].

Figure.l. 3 The aspect of endothelial cells under a microscope after cell culture. (a)
Immunostaining of an endothelial cell monolayer (cell nuclei in blue, von Willebrand factor in red,
vinculin in green); (B) Endothelial cell borders from the confluent endothelial cell monolayer are stained
according to Ranvier with silver nitrate (AgNO3) (400-fold primary magnification) [50].
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1.4.3. Endothelium and neonatal sepsis

The vascular endothelium in adults represents a key player in the pathophysiology of
sepsis and sepsis-associated organ failure, through direct interaction with pathogens,
leukocytes, platelets, and the effect of soluble circulating mediators, in part produced

by ECs themselves.

Despite abundant evidence that the neonatal immune response to sepsis is distinct from
that of adults, comparable knowledge on neonatal vascular endothelium is much more
limited. Neonatal endothelial cells express lower amounts of adhesion molecules
compared to adult ones and present a reduced capacity to neutralize reactive oxygen
species (Figure.1.3). Conversely, available pieces of evidence on biomarkers of
endothelial damage in neonates are not as robust as in adult patients, and endothelium-

targeted therapeutic opportunities for neonatal sepsis are almost unexplored [54].
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Figure.1l. 4 Structure of neonatal VE and interactions with neonatal immune

system, at steady state and during sepsis.Red boxes indicate known features of neonatal VE
and immune system compared to adults. Gray boxes identify areas for further research. Green boxes
identify new experimental endothelium-targeted therapeutic opportunities for neonatal sepsis. NETS,
neutrophils extracellular traps; NF-kB, nuclear factor kappa-B; ERK %2, extracellular signal-regulated
kinases 1 and 2; B-cat, beta-catenin; SOD-2, superoxide dismutase 2; TRIF, TIR-domain-containing
adapter-inducing interferon-g; IL, interleukin; Angl-2, Angiopoietin 1-2; Tie2, TEK receptor tyrosine
kinase; cAMP, cyclic-adenosine monophosphate; AMP, adenosine monophosphate [54]

1.5. Oxidative stress

The first time where the term "stress” was used in the biomedical literature to describe
the hyperactivity of the hormonal system (corticosteroid of the adrenal cortex). Twenty
years later, stress, stress response, and homeostasis as a dynamic equilibrium have
gradually developed into a widely used tool for explaining pathophysiologic processes.
We now know that in many of these stressful situations, redox processes actually play

a major role [55].
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Redox imbalance or oxidative stress takes on the same mean. The term "oxidative
stress™ was created only 30 years ago. The concept is based on earlier work by Selye
and inspired by early publications related to oxygen toxicity, often linked to the problem
of aging, the metabolism of oxygen (and other) radicals in biological systems, the
progressive development of our understanding of mitochondrial physiology, research

on "mitochondrial” aging, and the study of redox imbalance in cells and organisms [55].

1.5.1. Definition of oxidative stress

The imbalance between the production and accumulation of reactive oxygen species
(ROS) in cells and tissues and the ability of a biological system to detoxify these
reactive products caused oxidative stress (Figure.1.5). The most practical and
operational definition of oxidative stress used until now is given by Lushchak
“Oxidative stress is a situation when steady state ROS concentration is transiently or
chronically enhanced, disturbing cellular metabolism and its regulation and damaging
cellular constituents” [56]. The commonly ROS are superoxide radicals (O27),
hydrogen peroxide (H202), hydroxyl radicals ("OH), and singlet oxygen (*0,); they are

produced as metabolic by-products by biological systems [57].
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Oxidative Homeostasis

|
Increased ROS
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Figure .1.5 Schematic illustration demonstrated the causes of oxidative

stress. Either through increased formation of reactive oxygen species (ROS), or through decreased
antioxidant defenses, or both [58]

1.5.2. Causes of oxidative stress

Under physiological conditions, the production of ROS is perfectly controlled by the
defense systems of our organism: the anti-oxidants / pro-oxidants are in balance.
Oxidative stress will result from a situation where the body no longer controls the
excessive presence of toxic oxygen radicals. As shown in Table (Table .1. 2), the
sources of oxidative stress can have various endogenous and exogenous origins [59,

60].
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Table .1. 3 Endogenous and exogenous sources of oxidative stress.

life style
Smoking

Low consumption of fruits and vegetables
Alcohol
Medicines
Contraceptive pill
Sun exposure

Strenuous or poorly managed exercise
Environment
Pollution

Ozone
Asbestos
Write-offs
Contact with carcinogenic substances
Biochemical mechanisms
Xanthine oxidase (ischemia-reperfusion)
Inflammation
Impaired endothelial function
Iron overload
Oxidation of hemoglobin
Mitochondrial alterations
Biosynthesis of prostaglandins

Surgeries

(Extracorporeal circulation, transplants)
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1.5.3. Production of ROS

Free radicals are characterized by highly reactive atoms or molecules with one or more
unpaired electron(s) in their external shell and can be formed when oxygen interacts
with certain molecules. These radicals are produced by all aerobic cells by losing or

accepting a single electron, therefore, behaving as oxidants or reductants [60].

There are endogenous and exogenous sources of ROS. Endogenous sources,
including the mitochondrial electron and NAD(P)H oxidases. They are also derived
from exogenous sources, such as radiation, air pollutants, and some xenobiotics that
undergo continuous reduction and oxidation cycles, i.e. the redox cycle. ROS levels in
a biological system are determined not only by production rates but also by the presence

and activities of the cells antioxidant defenses [58] (Figure.1.6).

In general, the production of ROS relies on enzymatic and non-enzymatic reactions.
Enzymatic reactions able to generate ROS are those involved in the respiratory chain,

prostaglandin synthesis, phagocytosis, and cytochrome P450 system [61].
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Figure.l. 6 Production of ROS in mitochondria [61] The process of oxidative
phosphorylation receives reducing equivalents from the Krebs cycle (NADH to complex | and
FADH 2 to complex I1) and passes these electrons down the transport chain, ultimately to reduce oxygen
to water. The fidelity of the process is incomplete, and the relative fidelity of the process depends on
local environmental conditions. As such, oxygen can be reduced to O in at least three sites within the
mitochondria: complexes, I, 111, and through p66 Shc. O, that does not escape the mitochondria at this
point is rapidly reduced to H,O, by manganese superoxide dismutase (MnSOD) and copper-zinc
superoxide dismutase (CuZnSOD) in the matrix and intermembrane space, respectively. H.O- either may
leave the mitochondria and react with mitochondria proteins, or may be reduced to H.O by local
peroxidase enzymes. CoQ, coenzyme Q/ubiquinone; cyto C (cytochrome c).

1.5.4. Elimination of ROS

Humans, such as all Mammals, have developed a series of antioxidant defenses to
protect vital biomolecules from ROS and related species-mediated damage. In addition,
some components derived from dietary sources possess antioxidant activities in
biological systems. There are many different kinds of antioxidants in biology and
medicine, and they are classified in various ways. For example, superoxide dismutase
is an endogenous antioxidant enzyme, whereas vitamin C is a widely known antioxidant

derived from a variety of dietary sources [58] (Figure .1.7).
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There are three major modes of action for antioxidants either by antioxidants that
directly scavenge ROS already formed or by antioxidants that inhibit the formation of
ROS from their cellular sources; also can by antioxidants that remove or repair the

damage or modifications caused by ROS [62] (Figure .1.7).

Reactive Oxidative Stress

Reactive Oxygen Species Reactive Nitrogen Species
Hydrogen peroxide Peroxynitrite
Superoxide free radical Nitrosoperoxy carbonate
Hydroxyl free radical
Singlet oxygen Nitrogen Dioxide

N -

-

Reactive Radicals

Antioxidants (Blocking Agent) . (Blocking Agent) Antioxidants

\ 4

Cell Damage
DNA Dissolution in Nucleus
Lipid membrane destruction
Protein Enzyme blocks in Mitochondria
Interference with Nitric oxide signaling

A\ \

Enzymatic Nonenzymatic
Catalase Vitamin (C, E)
G-6-PD Beta-carotene
Superoxide dismutase Lycopene
Glutathione peroxidase (selenium) Trace element (zinc)
Transferrin (iron) Minerals (calcium)
Coenzyme Qqq Fatty Acids (DHA)

Alpha-fetoprotein

Figure.1. 7 Various Antioxidants Involved in the Elimination of Oxidative Stress

[62]
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1.5.5. Oxidative stress and sepsis

Sepsis is a complex syndrome characterized by hyper-inflammation, hyper-
coagulation, oxidative damage, immune suppression, tissue hypo-perfusion, and
hypoxia, as well as multi-organ dysfunction. The pathogenesis of sepsis involves
cumulative dysfunction of different immune cells (macrophages, neutrophils, and
lymphocytes), endothelial cells, and epithelial cells. Where ROS and reactive nitrogen

species (RNS) significantly contribute to the dysfunction of these cells in sepsis [63].

Many studies indicated that ROS can affect the pathogenesis of sepsis by two
mechanisms: (a) causing pathologic damage to cells and organs, and (b) modulating the
innate immune signaling cascade [64, 65]. Superoxide anion and peroxynitrite play key
roles in the pathogenesis of hemodynamic instability and organ dysfunction during
sepsis. When any Excessive production of pro-inflammatory mediators, ROS, and
proteases by activated neutrophils induced exacerbates sepsis by increasing
inflammation, oxidative tissue damage, vascular permeability, and organ injury [66]. In
sepsis, an excessive oxidant state leads to reduced ubiquitination and nuclear
translocation of the transcription factor, Nrf-2, which in turn leads to reduced activation

of genes that encode for anti-oxidant enzymes (Figure 1.8) [67].
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Figure.l. 8 Sepsis-induced defects in redox balance and anti-oxidant enzymes [67]

1.5.6. Oxidative stress and endothelial cells

Inflammatory responses used ROS as mediators, these molecules active cell signaling
by increasing the production and release of pro-inflammatory cytokines. Thereby a
perpetuation of the inflammatory responses. During an immune response, the
inflammatory response is controlled by innate immunity, where, any overstimulation or
prolongation of inflammatory responses cause tissue injury and, as such, constitute a

major pathophysiological mechanism of a wide variety of human diseases [68].

An imbalance between the generation of reactive ROS and antioxidant defense systems
represents the primary cause of endothelial dysfunction, leading to vascular damage in

both metabolic and diseases [69].
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The first step of alteration is the activation of endothelial, which is characterized by an
abnormal pro-inflammatory and pro-thrombotic phenotype of the endothelial cells
lining the lumen of blood vessels. This ultimately leads to reduced nitric oxide (NO)
bioavailability, impairment of the vascular tone, and other endothelial phenotypic
changes collectively termed endothelial dysfunction(s) [69]. Superoxide anion can react
with NO inducing to the formation of peroxynitrite ONOO—. By ONOO—- promotes

protein nitration and contributes to the dysfunction and death of endothelial cells [69].

Until now, it is not clear whether increased endothelial cell ROS is a consequence of
vascular disease pathogenesis or is sufficient to independently drive disease
pathogenesis. If so, endothelial cell ROS production would be a rational target to
identify new interventions for the prevention and treatment of structural vascular

diseases [70].

1.6. microRNA

1.6.1. Biogenesis of microRNAs

microRNASs, are a class of endogenous non-coding RNAs of about 22 nucleotides that
are ubiquitously present in eukaryotic organisms and play an important role in the post-
transcriptional regulation of genes [71-73]. These molecules are highly conserved and
known by their tissue-specificity expression [74, 75]. The biogenesis of miRNAS is
under strict control and their deregulation can lead to various kinds of pathologies. The
maturation process of miRNAs in humans involves two consecutive cleavage steps

controlled by the enzymes RNaselll ‘DROSHA and ‘DICER’ [76-78].
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The first step takes place within the nucleus, via the enzyme DROSHA, with its partner
DiGeorge, a critical region of syndrome 8 (DGCRS), to release a hairpin RNA (pre-
miRNA) of about 65 nt of length (Figure 1.9.). Pre-miRNA is then exported in the
cytoplasm and undergoes a second cleavage by DICER, releasing a mature miRNA
duplex of about 22 nt, within the RNA-induced silencing complex (RISC) loading
complex. The guide strand, which corresponds to the mature miRNA, is then
incorporated into the RISC (Figure.1.9). miRNAs and their transcriptional regulators
tend to form auto-regulatory loops aimed at controlling their respective levels [76-78].
A stretch of six to eight nucleotides in the 5’ end of the miRNA is determined the
specificity of the interaction, its so-called seed region, perfectly complementarity to the
target MRNA. The rest of the miRNA sequence is less complementary to the target
mMRNA, which results in a bulged structure [79]. The miRNA-mRNA interaction is
translated by inhibition, degradation, or destabilization is the dominant mechanism for
inhibition of protein production while inhibition of translation only modestly represses

protein production [80] (Figure 1.9).
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Figure.l. 9 Mechanisms of biogenesis of microRNA [81]

1.6.2. microRNAs and neonatal sepsis

microRNAs have essential roles at different phases of innate immunity, mitochondrial
dysfunction, and organ dysfunction in human development, from the beginning of the

embryonic phase until aging [82].
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In the embryonic phase, as we previously cited, low weight at birth is a risk factor in
neonatal sepsis. Moreover, the weight represents an early predictor for metabolic
diseases that will determine future complications later in life. nine miRNAs (hsa-let-
7a-5p, hsa-miR-374a-5p, hsa-miR-15b-5p, hsa-miR-19b-3p, hsa-miR-23a-3p, hsa-
miR-93-5p, hsa-miR-150-5p, hsa-miR-185-5p and hsa-miR-191-5p) upregulated in 40
pregnant women in the first trimester of pregnancy predicted both preterm birth before
37 weeks of gestation and cervical shortening. Moreover, Hsa-miR-150-5p offered the
strongest ability to predict preterm birth (AUC=0.8725) and cervical shortening
(AUC=0.8514) [83]. In another study, expression of miR-33b, miR-375 and miR-454-
3p was different in neonates with normal birth weight, low birth weight, and
macrosomia. miR-33b and miR-375 were increased in macrosomia patients and miR-
454-3p was overexpressed in both LBW and macrosomia neonates, as compared to
normal birth weight babies. These miRNAs are associated target genes: cyclic-
guanosine monophosphate (cCGMP)-dependent protein kinase (PKG), type 2 diabetes,
mitogen-activated protein kinase (MAPK), transforming growth factor-p (TGF-), and

Forkhead box O protein (FoxQO) pathways [84].

After transcriptomic data analysis was obtained from peripheral blood samples from
infants evaluated for sepsis within 24 h after clinical presentation..., although there
were similar major immune pathway deviations in both groups. The analysis revealed
the main component of significant differences between patients with early or late sepsis.
Time plays an important role in the healthy control and the host's response to sepsis.
The time which plays an important role in the uninfected state and the host's response

to sepsis [85].
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1.6.3. microRNA-23b

The miRNA-23b is involved in various physiological and pathological processes such
as autoimmune diseases [86], acute myocardial infarction (AMI), inflammatory heart
diseases and sepsis-induced cardiac dysfunction [87, 88], diabetic nephropathy [88],
and prostate cancer [89]. In addition, miRNA-23b has been an essential contributor to
the activation of cardiac fibrosis to mediate the development of myocardial dysfunction
in late sepsis. A recent report suggests that blocking miRNA-23b expression could be
an effective approach to prevent sepsis-induced heart dysfunction [90]. miRNA-23b
plays an anti-inflammatory role and negatively regulates the inflammatory responses
induced by lipopolysaccharide (LPS) by targeting metalloproteinase 10 [91]. The
expression of MiRNA-23b in the peripheral blood of adult patients with sepsis is related
to the manifestation of an inflammatory state and could be used to evaluate the severity
and prognosis of the disease [92]. miRNA-23b may play a significant role in the
pathogenesis and progression of sepsis by inhibiting the expression of pro-
inflammatory factors, including NF- « B, TNF-a, IL-6, ICAM-1, E-selectin, and

VCAM-1 [17].

1.7. Problematic and objectives

1.7.1. Problematic

From the information previously described there is general agreement that neonatal
sepsis is a major public health problem in the world in general and in Algeria as well,
but a few studies documented NS in Algeria, either as statistics, or as responsible

microorganisms and the therapeutic spectrum. Most effective in newborns in the ward.
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Despite the research that has been done, neonatal sepsis remains poorly understood
because of its complexity and its difference from adult sepsis, either at the molecular
or cellular level. miRNA-23b and ROS are co-stimulatory in most physiological and
physiopathological processes of endothelial cells. Recent studies have shown that
endothelial cells have the main role during sepsis, it can detect changes in their
environment and promote changes and adaptations in the structure and function of

tissues.

1.7.2. Objectives of this study

+ To evaluate neonatal sepsis in Algeria.

+ To isolate microorganisms responsible for neonatal sepsis in the department of
neonatology of the specialized hospital for children in Tlemcen.

+ To determine the efficacy of using haemoculture broth to evaluate microRNA.

+ To identify the role of miRNA-23b in neonatal sepsis.

+ To develop an umbilical cord model to study neonatal sepsis.

+ To test the translocation of bacteria.

+ To study the effect of ROS-producing CuSO4 on the role of endothelial cells in
our model.

+ To measure the different parameters of oxidative stress and the pro-

inflammatory cytokines produced by endothelial cells.

1.7.3. Goal

The goal of my project was to build a model to study neonatal sepsis and to decipher
the molecular and cellular mechanisms used by endothelial cells during oxidative stress

against neonatal sepsis.
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Chapter 2

2. Material and methods

To meet our objectives, we followed the method in the diagram below (figure .2.1).

Retrospective Experimental

descriptive study prospective study Ex-vivomodel

Figure .2. 1 A diagram showing the method of our project

2.1. Epidemiological study

This retrospective study is mainly based on the data registered in our neonatology
department of Tlemcen, in a period between 2012 and 2018. Excel 2013 carries out the

treatment of the data.

1- Lethality from sepsis = total number of deaths from sepsis / total number of
patients from sepsis.

2- Annual incidence of neonatal sepsis = total and specific number of sepsis /
number of hospitalizations

3- Mortality in the service = deaths by cause / total deaths

36
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2.2. Microbiology study

2.2.1. Ethical aspects

Our study, with its microbiological and immunological (ex-vivo model) aspects, has
been approved by the local ethics committee of the University of Tlemcen, Algeria.
Parents or legal guardians have given their written informed consent for the samples

from all participating infants to be used by the Declaration of Helsinki.

2.2.2. Study population

Fifty-four cases aged up to 28 days with clinical features of sepsis (e.g. fever,
respiratory distress, bradycardia, tachycardia, convulsions, cyanosis), an association or
not with premature rupture of membranes (PROM) [93]. The abnormal amniotic liquid
as risk factors in the neonatal sepsis inclusion criteria was recruited in a prospective
cohort study. The exclusion criteria included patients without clinical features of sepsis
or who received an antibiotic-therapy before sampling. New-borns included 24 females
and 30 males. Fifty-four cases were randomly divided into two equal groups of 27 EOS

and 27 LOS patients, including nine and six cases of preterm new-borns, respectively.

2.2.3. Samples for haemoculture

Peripheral blood samples (1-2 mL per patient) were inoculated into aerobic bottles
containing pediatric haemoculture medium (BIOSCAN, Sétif, Algeria) and then
incubated at 37°C for 4-6 h with agitation. Aliquots of 2 mL were collected and stored

at — 80°C until RNA extraction (Figure .2.2).

After that, bottles were transferred back at 37° C incubation under aerobic conditions

coupled with agitation, for a maximum of 7 days. Subcultures were daily done from the
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first to the 7" day. Cultures were reported as negative when they did not yield any

growth at the end of 7 days [94] (Figure.2.2).

2.2.4. lsolation of etiologic agents

Blood samples were collected from each patient dispensed into blood culture bottles
incubated for a maximum of 7 days. Bottles with growth signs, such as hemolysis,
turbidity, clot formation, gas production, were then sub-cultured on blood agar,
chocolate, Chapman, and Mac-Conkey agar plates. The chocolate agar plates were
incubated in a candle jar, while the blood agar and Mac-Conkey agar plates were
incubated aerobically [95]. Significant bacterial isolates were carried out using Matrix-
Assisted Laser Desorption lonization Time-Of-Flight Mass Spectrometry (MALDI-

TOF MS).

2.2.5. MALDI-TOF MS identification

Bacterial species were directly identified from one bacterial colony; each colony was
covered with 2 ml of matrix solution without other supplements and extracted as
previously described [96]. An isolate was considered correctly identified at the species
level by using MALDITOF MS (Bruker Daltonics) if two spectra had scores of > 1.9.
Uncertainly identified isolates at the species level (scores of < 1.9) were identified with
certainty by MALDI-TOF MS analysis of two additional spectra. The second run of
MALDI-TOF MS identification with four spectra was done for unsatisfied species

identification in the MALDI-TOF MS period.
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2.2.6. Evaluation of miRNA-23b

2.2.6.1. Total RNA isolation

Total RNA extraction, including miRNA, was performed with a minimum of 200 pL
of cell-free supernatant obtained after centrifuging an aliquot at 1200 rpm for 10 min
using the miRNeasy Serum/Plasma kit (Qiagen, Valencia, Spain) according to the
manufacturer's protocol. RNA was eluted with 20 uL. of RNase-free water and was then
quantified in a NanoDrop ND 2000 UV spectrophotometer (Thermo Scientific,

Wilmington, DE, USA).

2.2.6.2. Reverse transcription PCR and Real-time qPCR

Total RNA (1 pL) was converted into complementary DNA (cDNA) by reverse
transcriptase using the miRNA TagMan reverse transcription kit and miRNA-specific
stem and loop primers (Part No. 4366597, Applied Biosystems. Inc., CA, USA). Real-
time PCR was performed in an Applied BioSystem 7900HT Thermocycler (Applied
Biosystems/Thermo Fisher, USA) with 40 cycles. The primers herein used were
designed for miRNA-23b, and U6 snRNA was used for standardization purposes by the

delta-delta CT method (2-24€T) [97].
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Microbiolgy study

Newborns suspected of sepsis ’ Clinical signes

b Haemoculture J

‘ Visual
After 4-6 h of = Incubation at 37°C ‘( J

. X observation
incubation forup to 7 days Subculture
¥ ]
Extraction of Total
RNA Positif botle
. J Fresh test
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‘ RT-PCR—-—->RT-qPCR Isolation € Gram
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‘ Evaluation of miR—23bJ Identification | 4@ Maldi-tof test

Figure.2. 2 Planning of prospective study in the microbiology part

2.3. Immunological study (Ex vivo model)

2.3.1. Bacterial strains

For this experience, we chose S. aureus (ATCC # 6538) to provoke sepsis, which was
reconstituted following manufacturer instructions in 10 mL sterile Brain Heart Infusion
Broth (BHIB). Before each assay, microbial stocks were diluted to a working
concentration of 1x10° microbes ml%, 50uL of concentrations 10° colony forming units

(CFU) mL? added to 250uL of Tryptic soy broth (TSB) and incubated at 37°C [98].
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2.3.2. Human umbilical cord and cord blood sample

The study included umbilical cords from full-term neonates (36 + 6 weeks of gestation)
by normal delivery, showing no signs of infection, collected from healthy donor
mothers. These umbilical cords were treated with heparin [99], to prevent blood

coagulation, and placed in a transport buffer [100].

2.3.3. Development of the model

The human umbilical cord was cut into 4 pieces of identical length to obtain four
experimental pieces. The first piece was not treated with CuSOa4 and not-infected with
S. aureus (negative control). While the second piece was untreated with CuSO4 and
infected with S. aureus. The third piece was treated with CuSQOs, and not infected with
the bacterium. The fourth piece was treated with CuSO4 and infected with S. aureus.
For the two pieces infected by S. aureus on injecting into the Gelley of Wharton
Betamethasone before the injection to bacteria in all of the experiments. CuSOg is used
to generate oxidative stress at a concentration of 10 uM [101], CuSOas injected into the
blood of the umbilical cord vein. Four pieces were incubated in a water bath at a
temperature of 37 ° C for 1 hour. Umbilical cord pieces were immersed in phosphate-
buffered saline solution (PBS) and incubated for 1 hour at 37C° and 5% CO2 under
agitation [102]. After one hour of incubation, we extracted the venous blood and tested
if the bacteria passed through the vessel vein to the blood. infection‘s control was

performed on Chapman's medium (Figure 2.3).
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Ex-vivo model

Division of UC on 4 pieces Inject S. a into the Gelley of Wharton

CuS04 injected into the blood of the vein

CuS04+/S.a+ CuS04-/S.a-
After isolation of HUVEC incubate
37°C at 5% CO, for 24h and 48h.
CuS04+/S.a- CuS04-/8.a+

Immersion 4 pieces on NaOH 0,9 % for one hour with agitation

Figure.2. 3 An illustration of ex-vivo model. A: First step preparation of pieces and incubation
for 1 hour. B: Schematic diagram showing how to inject both of CuSQO4 in blood and S.aureus in the
Wharton’s jelly. C: isolation of HUVEC and incubation.

2.3.4. Isolation of human umbilical vein endothelial cells

The Davis et al's protocol (2007) was used to isolate endothelial cells from the umbilical
vein [103]. After removing excess blood, the umbilical cord vein was treated with 20
mL of Hanks Balanced Salt Solution (HBSS) (Sigma Aldrich Co., St. Louis, USA), and
then incubated with 10 mL of collagenase (GIBCO BRL, Life Technologies, France).
Subsequently, the umbilical cord was placed in Dulbecco’s Phosphate-Buffered Saline
(DPBS), at 37 °C for 15 minutes in a water bath. After incubation, the endothelial cells
were collected and placed in supplemented Dulbecco's Modified Eagle's Medium
(DMEM), with 10% fetal calf serum (FCS)1 ml of penicillin/ streptomycin [103]. The
cells were seeded in 24 well plates (Falcon, corning, USA) at 2x10° cells/mL per well

at 37°C and 5%CO-, for 24h and 48h.
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2.3.5. Cell viability assay

Cell viability was evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium

bromide (MTT assay kit, Sigma-Aldrich Inc, St Louis, MO, USA).

2.3.6. Cell lysis assay

Cells were treated for 30 min with 500 pL of 0.1% Triton X 100. Reaction stopped by

the addition of a mixture containing Tris-HCI and MnCI2 (v/v, 500 uL).

2.3.7. Arginase activity assay

Arginase (L-arginine amidinohydrolase, EC 3.5.3.1) activity was measured using a
spectrophotometric method based on the determination of the urea levels in cell
lysates as described with slight modifications. After incubation at 56 °C for 10 min, 25
pL of activated cell lysates incubated at 37 °C for 1 h with 200puL aliquot of arginine
buffer (10 mM L-arginine, pH 6.4). Finally, 750 pL of acetic acid was added to stop
the reaction, and the concentration of the urea generated by the arginase was determined
at 600 nm using a commercial kit (UREA/BUN-COLOR, BioSystems, S.A. Barcelona,

Spain). The enzyme activity is expressed as pumol urea per mg protein per 60 min.

2.3.8. Intracellular free calcium ions assay

The levels of intracellular free calcium ions (i:Ca*) were determined on cell lysates. It
was determined spectrophotometry at 560 nm against a blank using a commercial kit
(BioSystems S.A. Barcelona, Spain). The levels of iCa?* are expressed as mg/mg

proteins.
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2.3.9. Catalase activity

The catalase activity was determined according to the method of Aebi (1974) [104]. In
this method, the measurement of the decomposition rate of hydrogen peroxide by

spectrophotometer and the absorbance was monitored at 420 nm for 3 minutes.

2.3.10. Nitric oxide (NO) assay and endothelial nitric oxide synthesis (eNOs)

The NO production levels were measured on supernatants constructed on the sensitive
colorimetric Griess reaction measuring the accumulation of oxidative metabolites
(NOXx, nitrite, and nitrate). The absorbance was read at 540 nm with an ELISA plate
reader (Biochrom Anthos 2020, Cambridge, UK). The concentration of nitrite was
determined using a standard curve constructed with sodium nitrite solution
(NaNO) [105]. eNOS activity were calculated from NO concentration per mg of

proteins per 30 min.

2.3.11. Adhesions molecules analysis

The intercellular soluble adhesion molecule 1 (SICAML1) and CD62E (selectin) were
tested in the supernatant by ELISA, using a commercial kit, according to the
manufacture’s instruction (Sigma Aldrich Co., St. Louis, USA) and Human E-Selectin
ELISA Kit (Sigma Aldrich Co., St. Louis, USA). Optical densities measured at 450 nm
with an ELISA plate reader (Biochrom Anthos 2020, Cambridge, UK). The limits of

detection were 150 pg/mL and 30pg/mL respectively.
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2.3.12. Evaluation of miRNA-23b

We followed the same method that we did in the first part of microbiology. With the

use of the supernatant of cell culture, in 24 and 48 h of incubation.

2.3.13. Histology study

After the experiment, we collected samples for histological evaluation. Section of
umbilical cords was taken before and after enzyme treatment with collagenase and fixed
in 10% buffered formalin. The pieces of the umbilical cord (histological material) are
fixed, included, cut, and stained (hematoxylin-eosin, H&E), to be able to observe it
under a microscope optic (B-150 OPTIKA). The stained were assessed using an
inverted cell imaging fluorescence microscopy station (Floid Cell Imaging Station,

Thermo Fischer Scientific, MA USA).

2.3.14. Statistical analysis

In the microbiological part (evaluation of miRNA-23), the results represented the mean
(= standard error) of the median values of three independent replicate experiments.
Analyses of variance were carried out by Mann-Whitney U or Kruskal-Wallis non-
parametric tests. In the ex-vivo model, all data were expressed as the means + standard
error of the mean (SEM). The hypothesis of data distribution was examined by non-
parametric tests, Mann Whitney U or Kruskal-Wallis [106]. P-value < 0.05 was

considered statistically significant. | used GraphPad Prism 8.0.1 (244).
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Results

2.4. Results of epidemiology study

From general observations, there is a large percentage of children who are hospitalized
for several reasons (13,751 children less than 28 days old). 42,97 % where females and
56,99 % males. Between 2013 and 2014, we noticed a decrease in the number of
newborns being accepted into the department. Whereas, in the remaining years, an
increase in children was recorded. As for the other years, there has been a decrease, due
to the establishment of new units: general care intensive care and reanimation, in
addition to the increase in the medical staff, and these updates made it possible to
increase the rate of admission of patients as well as improve the medical level of the
department. We have also noticed a decrease in the number of cases of sepsis, except
for the mortality rate, which remains a major barrier in this department. Lethality,

annual incidence, and sepsis neonatal mortality are described in the Table 2.1.

During this period, the use of haemoculture such as a tool to evaluate sepsis was
recorded in 2016, as for subsequent years it was limited to late onset sepsis exactly
suspected to nosocomial sepsis. The most common bacteria identified are Klebsiella
pneumoniae, Enterobacter aerogenes, Enterobacter cloacae, Escherichia coli, and
Staphylococcus aureus. Our study is the first of its kind, focusing on both early and late

neonatal sepsis.
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Table .2. 1 Epidemiological data 2012-2018.

Sepsis Lethality by sepsis
Years Total Total EOS LOS Total 0-6 7-28 Etality Incidence
patients death (%) days days
(%)
2012 1931 321 304 106 38 21 17 0,093 0,212
(16,62) (11,83)
2013 1622 281 253 57 24 18 6 0,077 0,191
(17,32) (8,54)
2014 1654 299 121 24 16 11 5 0,110 0,088
(18,08) (5,35)
2015 1935 340 113 44 23 17 6 0,146 0,081
(17,57) (6,76)
2016 1904 311 132 25 22 15 7 0,140 0,082
(16,33) (7,07)
2017 2302 344 98 48 22 16 6 0,151 0,063
(14,94) (6,39)
2018 2403 350 103 52 24 19 5 0,155 0,065
(14,56) (6,86)

2.5. Results of microbiology study

2.5.1. Description of cases

Among 2,561 admitted newborns; during a 12-month period in 2018; in the
Neonatology Department of Mother & Child Specialized Hospital Establishment of
Tlemcen (northwest Algeria), only 9,91 % (254 new-borns) were recorded with sepsis.
Fifty-four haemocultures were used in this study, 27,8 % premature, and 72,2 % at term.
Gender, temperature, heart rate, respiratory rate, glycemia, and cesarean vs vaginal
delivery characteristics did not mark any statistical differences between the control and
the positive haemoculture groups. However, the neonates’ weight in the two types of

sepsis becomes significantly different in contrast to C reactive protein (CRP) which was
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significantly different in the early onset sepsis neonates. The clinical information of the

54 included patients is shown in the Table 2.2.

Table .2. 2 Characteristics of the new-borns patients with sepsis

EOS/LOS

(n=27,27)
Gender (M/F)
EOS
LOS
Weight (kg)
EOS
LOS
T(°C)
EOS
LOS
HR (BPM)
EOS
LOS
RR (BrPM)
EOS
LOS
Gly (mg/dL)
EOS
LOS
CRP (mg/dL)
EOS
LOS
VD vs, CD

EOS

Co/NH

(9,6)

5/4

6/0

2,87+0,25

3,17+£0,35

36,17+0.45

37.33+1.16

136 +5.5

151.8+11.0

553+4,9

50,7 +5,7

0,95 +0,16

1,12 +0,09

25,78 +5,96

47 + 36,39

5/4

Full-term patients

SP/PH

(7,12)

4/3

6/6

3,16 £0,25

3+0,25

35.05+0.58

38.3+0.44

1436 7.1

140.3+5.0

55,7+6,5

525+1,8

0,63 + 0,09

0,65+ 0,06

41,17 +12,55

39,87 +7,73

5/2

DP/PH

21

1/1

0/1

3,30+0,1

250

345+0.9

3740

125+7.0

180+0

0,52 £ 0,42

11

DP/NH

0.2

2/0

29+0,2

36.08 £1.25

135+5

422

0,66 +0,12

42 +18

Co/NH

(4,0)

1/3

2,01 +473

36.35+0.85

120.5+14.8

58 +2,7

0,73+0,15

63 +44,12

212

Premature patients

SP/PH

(2.6)

1/1

214

1,43 +0,16

1,58 £0,19

33.07+1.28

35.12+0.74

125+5.0

132 +£5,19

42 +2

475+4,56

0,57 + 0,06

54,67 + 15,89

11

DP/PH

@3.0)

211

1,63+0,33

36.17+0.45

150+5.8

62,67 +2,7

0,45+ 0,08

1/2

NS

NS

<0,001

<0,0001

NS

NS

NS

NS

NS

NS

NS

NS

<0,0001

NS

NS
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5/1 11 1/0 2/0 - 3/3

Data are presented as meanzstandard error of the mean (X + SEM). BPM: beats per minute, BrPM:
breaths per minute, CF: Cardiac frequency, Co/ NH: control new-borns with negative haemoculture,
CRP: C-reactive protein, DP/NH: patients who died with negative haemoculture, DP/PH: patients who
died with positive haemoculture, EOS: early onset sepsis, F: female, Gly: glycaemia, HR: Heart rate,
EOS: early onset sepsis, LOS: late onset sepsis, M: male, NS: not significant, RR: Respiratory rate,
SP/PH: patients who survived with positive haemoculture, VD vs. CD: vaginal vs. caesarean delivery.

2.5.2. lsolated microorganisms

Among 37 cases, 33 strains were identified, including 19 strains of Gram-positive, 13
strains of Gram-negative bacteria, and 1 strain of fungi, accounting for 57,57 %, 39,39
%, and 3,03 % of cases, respectively. Among the Gram-positive bacteria, S. epidermidis
accounted for 21,05 % of cases, S. hominis accounted for 26,31 %, and S. aureus
accounted for 15,79 %, whereas other bacteria including Enterococcus faecalis,
Bacillus cereus, and Bacillus pumilus occurred at low rates. Additionally, 47,37 % of
coagulase-negative Staphylococcus (CONS) were detected. Out of all the Gram-
negative bacteria, Klebsiella pneumoniae accounted for 46,15 % of cases; also, 15,38
% of Enterobacter cloacae were detected, Stenotrophomonas maltophilia, Cronobacter
sakazakii, and Pantoea agglomerans along with 1 strain of fungi Candida parapsilosis.

The specific composition is present in the Table 2.3.

NS
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Table .2. 3 Isolated microorganisms in neonatal sepsis

Bacteria Name Cases Percentage %
Gram-positive Staphylococcus epidermidis 4 12,12
bacteria Staphylococcus hominis 5 15,15
Enterococcus faecalis 3 9,09
Staphylococcus aureus 3 9,09
Bacillus pumilus 2 6,06
Bacillus cereus 2 6,06
Klebsiella pneumoniae 6 18,18
Stenotrophomonas 3 9,09
Gram-negative
maltophilia
bacteria
Enterobacter cloacae 2 6,06
Pantoea agglomerans 1 3,03
Cronobacter sakazakii 1 3,03
Fungi Candida parapsilosis 1 3,03

2.5.3. Evaluation of miRNA-23b in haemoculture

Below we will present the results obtained by measuring the level of miRNA-23b,

among newborns at term and premature in early and late sepsis.
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2.5.3.1. Changes in expression levels of miRNA-23b in early onset sepsis

miRNA-23b expression levels in neonatal sepsis samples. As figure 2.4 show
compared to the control group, miRNA-23b expression levels were significantly
different in neonatal sepsis samples, either at term or in premature neonates (P < 0.001
KW) (Figure 2.4). The expression of miRNA-23b decreased significantly in neonates
who died of sepsis (p < 0.0001, p < 0.05 at term and premature infants respectively),
and significantly increased in survived neonates with positive blood culture (p < 0.005,
p < 0.001), indicating that miRNA-23b may contribute to the pathogenic process of

neonatal sepsis.
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Figure.2. 4 Changes in the miRNA 23b expression levels in early onset sepsis
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2.5.3.2.  miRNA-23b expression level Changes of in late onset sepsis

As shown in Figure .2.5, compared to controls, the expression of mMiRNA-23b in LOS
decreases significantly in both dead and surviving newborns with positive blood culture
p < 0,005, p < 0,05. Only one single case had the clinical signs of sepsis, where the
neonate did not survive but the haemoculture was negative. We recorded in this specific
case a significant decrease in the level of miRNA-23b with a negative blood culture (p
< 0,05). We can consider this case as probably haemoculture false negative, because
of the time of sampling according to Basustaoglu et al (2019) [107]. Besides, in
premature neonates with positive blood culture, the level of miRNA-23b significantly
decreased when compared to control neonates with negative haemoculture. P-values

with Kruskal-Wallis tests were < 0,01.
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Figure.2. 5 Changes in the miRNA 23b expression levels in late onset sepsis
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2.5.3.3. Change in miRNA-23b expression levels in newborns at two different

stages

The obtained results (recorded in Figure .2.6) show that comparison between early
and late sepsis states led us to think back to the starting point before the appearance of
sepsis. Figure.2.6 shows the level of mMiRNA-23b expression at the first 72 h of life and
after that time in control patients. A significant increase in the level of miRNA-23b

after 72 h of life p < 0,05 compared to the first 72 h of life.

Figure.2. 6 change in the miRNA-23b expression levels in newborns at two
different stages
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2.5.3.4. Correlation between miRNA-23b expression and dead newborns with

sepsis

We show in Figure.2.7, the negative correlation between the miRNA-23b and death
with early neonatal sepsis in premature and at term newborns (coefficient of correlation
r = -0,96, -0,89 respectively). Where high decreased of miRNA-23b associated with
death in early life by sepsis. In late sepsis, did observed any correlation between

mMiRNA-23b and death.
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Figure.2. 7 Correlation between miRNA-23b expression and dead newborns with

sepsis .A: in early onset sepsis in at-term newborns, B: early onset sepsis in premature newborns, C:
late onset sepsis in at-term newborns. Control: patients with negative haemoculture, dead: dead patients
with sepsis, survivor: survivor patients with sepsis, r: correlation coefficient
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2.6. Results of immunological study (Ex vivo model)

In this part of the study, we examined our ex vivo model, where the effect of ROS in
the translocation of bacteria from the Wharton’s jelly to the blood, and the modulation

of endothelial cells activation against sepsis.

2.6.1. Effect of CuSO4 and S. aureus in NO

The histograms of Figure 2.9 show that NO concentration at 24-hour was significantly
increased in the cells to segment infected alone compared to the control negative (p <
0,05 by Mann-Whitney U test), the other cultures showing an increase but are not
significant (Figure 2.9, Left panel). The 48-hour histogram shows a slightly increased
concentration that is not significant between all different culture cells (p < 0,05) (Figure

2.9, Right panel).
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Figure.2. 8 Effect of CuSO4 on functional activities of the endothelial cells S.
aureus incubation after 24 h and 48 h. NO production assayed by the colorimetric Griess
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reaction. H202 levels measured with highly sensitive spectrophotometric method. The results values
correspond a mean and standard error of mean SEM of five independent experiments in each group.
H20,: hydrogen peroxide, NO: nitric oxide. CuSO4/S.a: cells from healthy controls not treated with CuSO4 and
not infected by S.aureus, CuSO47/S.a*: cells not treated with CuSO4 and infected by S. aureus, CuSO4*/S.a": cells
treated with CuSOa4 and not infected by S. aureus, CuSO4*/S.a*: cells treated with CuSO4 and infected by S. aureus

2.6.2. CuSOs and S. aureus effect in EC eNOS activity, arginase, eNOS activity-

to-arginase activity ratio and NO activity-to-arginase activity ratio

As demonstrated in Figure 2.10, the CuSO4 and infection by S. aureus significantly
upregulate the level of eNOS either in association or separately (p < 0,05 by Mann-
Whitney U test), in the 24-hour culture (Figure 2.10A, Right panel). Conversely in the
48-hour culture there is a mild increase in eNOS levels in cultures CuSO4- / S .a+ and
CuSOq4 +/ S .a-, a slight decrease in the culture CuSO4+ / S .a+ on compared with the

control culture (Figure 2.10 A, Left panel).

When we see the histogram of arginase at the 24h, we observe a significant upregulation
in cultures CuSOg4- / S .a+, CuSO4- / S .a+ and CuSO4+ / S .a+ (p < 0,05 by Mann-
Whitney U test respectively), we also registered a remarkable downregulation in
arginase levels in the culture treated by CuSOa4 and infected with S. aureus compared
to the cells in CuSO4+/ S .a- (p < 0,05 by Mann-Whitney U test). In the 48h culture we
notice an increase in the culture infected with S.aureus and in the culture CuSOas+ / S
.a+ treated and infected, differently in the condition CuSOs+ / S .a- shows a slight
decrease that are not significant. When we compared the culture CuSO4+ / S.a+ with
CuSOq4+ / S.a-, we found a significant increase in the level of arginase. (P > 0,05 by
Mann-Whitney U test). (For all comparisons, p < 0,05 by Kruskal-Wallis test) (Figure

2.10 B, left and Right panel respectively).

Furthermore, the ratio of eNOS activity-to-arginase activity decreased significantly in

cells extracts infected by S.a and a slowly non-significant decrease in the CuSQOas+/ S.a-
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in comparison with untreated control in 48 h culture (Figure 2.10 C). For the culture
segments treated and infected a significant decrease comparing to CuSO4+/ S .a+ (p <
0,05). Was found in 48 h histogram we show significant decrease in the case of CuSOs-
| S.a+, a light decrease in CuSOs+ / S.a-, a greater reduction compared to control
negative or in case to present CuSO4 alone has been observed in the culture CuSO4+ /
S.a+ (Figure 2.10 C). The NO production to arginase activity ratio were decreased in
the cells of piece infected CuSOs- / S.a+, increased significantly in group treated with
CuSO4 (CuSOs+ / S.a-) or monitoring with infected CuSOs+ / S.a+ than in controls
(p < 0,05 by Mann-Whitney U test. p-Values with Kruskal-Wallis tests were < 0,05 for

all comparisons) (Figure 2.10 D).
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Figure.2. 9 Effect of CuSO4 on eNOS and arginase activity, eNOs activity-
to-arginase activity ratio and NO activity-to-arginase activity ratio of the

endothelial cells S. aureus incubation after 24 h and 48 h. A: Arginase activity levels were
determined spectrophotometrically by measurement of the urea concentration after the addition of L-
arginine. B: The eNOs activity was determined from NO levels relative to protein concentration. C: eNOs
activity-to-arginase activity ratio of the endothelial cells S. aureus incubation after 24 h and 48 h. D: NO
activity-to-arginase activity ratio of the endothelial cells S. aureus incubation after 24 h and 48 h. eNOs:
endothelial nitric oxide synthase. CuSQO4/S.a: cells from healthy controls not treated with CuSO4 and
not infected by S.aureus, CuSO4/S.a*: cells not treated with CuSO4 and infected by S. aureus,
CuSO.*/S.a": cells treated with CuSQO4 and not infected by S. aureus, CuSO.*/S.a*: cells treated with
CuSQ, and infected by S. aureus

2.6.3. Effect of CuSO4 and S. aureus in catalase activity

Figure 2.11, shows the activity of catalase at 24 and 48 hours. In the 24 h histograms,
we observe a significant increase in cells with segments infected with S. aureus (p <
0,05 by Mann-Whitney U test), in the case of treatment with CuSO4 and infection there
is an increase but it not statistically significant. However, this catalase activity
decreased significantly in cells treated with CuSO4 only (p < 0,05) (Figure 2.11, left

panel).
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After 48 hours of incubation, the catalase activity in general decreases in different
situations so that the expression remains the same at 24 hours. Where at 48h results
show that the level of catalase increase significantly in cells from segment infected
compared to the negative control (p < 0,05 by Mann-Whitney U test), the same case
happens for the cells from segment treated by CuSO4 and infected (Figure 2.11, Right
panel). The catalase level decreases significantly in CuSOs-treated segment cells (p <
0,05). Treatment with CuSO4 and bacteria decreased statistically the catalase activity
compared to cells treated with CuSOa (p > 0,05). For all comparisons, p > 0,01 per

Kruskal-Wallis test (Figure 2.11).
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Figure.2. 10 Effect of CuSO4 on catalase activity in the endothelial cells during

S. aureus incubation. Catalase activity levels determined by spectrophotometrically measurement
of the decomposition of H,O,. The results values correspond a mean and standard error of mean SEM of
four independent experiments in each group. K-W: Kruskal-Wallis test, CuSO4/S.a": cells from healthy
controls not treated with CuSO4 and not infected by S. aureus, CuSO4/S.a*: cells not treated with CuSO4
and infected by S. aureus, CuSOs*/S.a": cells treated with CuSO4 and not infected by S. aureus,
CuSO0.*/S.a*: cells treated with CuSQ, and infected by S. aureus
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2.6.4. Effect of CuSO4 and S. aureus on intracellular calcium levels

We can see in Figure 2.12 that the calcium ion concentration is increased in the S.
aureus infection but the highest levels were found when oxidative stress is induced by
CuSO4 without infection (p < 0,05) (Figure 2.12, Right panel), for the difference
between all samples p < 0,005 by Kruskal-Wallis test. However, after 48 hours of

culture, there is no significant difference registered between all samples (Figure 2.12,

Left panel).
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Figure.2. 11 Effect of CuSOas on intracellular free calcium ion content in the
endothelial cells during S. aureus incubation. Intracellular free calcium ions levels were
biochemically measured by the ortho-cresolphthalein complexone method. The results values correspond
a mean of Ca®* to total proteins and standard error of mean SEM of five independent experiments in
each group. K-W: Kruskal-Wallis test, #Ca?*: intracellular free calcium ions, CuSO4/S.a": cells from
healthy controls nottreated with CuSO4 and not infected by S. aureus, CuSO47/S.a*: cells not treated with
CuSO0; and infected by S. aureus, CuSO4*/S.a": cells treated with CuSO4 and not infected by S. aureus,
CuSQ4*/S.a*: cells treated with CuSO,4 and infected by S. aureus

2.6.5. Effect of CuSOas and S. aureus on the secretion of sSICM-1 and E-Selectin

After 24 hours of culture, the SICAM-1 level very slightly decreased in cells extracting

from different conditions compared to control negative (Figure 2.13 A, Left panel).
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In contrast, after 48 hours of culture, there is a significant increase in different
conditions compared to the control (p < 0,05 by Mann-Whitney U test, p < 0,01 by
Kruskal-Wallis) (Figure 2.13 A, Right panel). In the 24-hour culture, there were
different of expression in E-Selectin histograms between the culture of infected
segment CuSOg4- / S.a+ and the control. But significantly increased in culture treated
with CuSO4 (CuSOs+ / S.a-), and significantly downregulated in the case treated
by CuSO4 and infected CuSO4+ / S.a+ (p < 0,05 by Mann-Whitney U test, p < 0,01 by

Kruskal-Wallis) (Figure 2.13 B, Left panel).

After 48 hours in culture, the results showed a significant decrease in E-selectin
secretion in all conditions compared to the negative control (for all comparison p <

0,05) (Figure 2.13 B, Right panel).
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Figure.2. 12 Effect of CuSOs on sSICAM-1 and E-Selectin in the endothelial cells

during S. aureus incubation. A: the expression of SICAM, and B: the expression of E-Selectin.
SICAM-1 and E-Selectin levels were determined by spectrophotometrically using sandwich enzyme-
linked immunosorbent assay (ELISA). The results values correspond a mean and standard error of mean
SEM of four independent experiments in each group. SICAM-1: soluble intercellular adhesion molecular,
CuSQy/S.a”: cells from healthy controls not treated with CuSO4 and not infected by S. aureus, CuSO4
/S.a*: cells not treated with CuSQO4 and infected by S. aureus, CuSO4*/S.a": cells treated with CuSO4 and
not infected by S. aureus, CuSO4*/S.a*: cells treated with CuSO, and infected by S. aureus

2.6.6. Effect of CuSOa4 and S. aureus on the secretion of miRNA-23b

We show in Figure 2.14, the results obtained from miRNA-23b in our model. For the
24h culture, the miRNA-23b expression decreases significantly in the infected cord

without CuSOs injection (p < 0,005).
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The miRNA-23Db level decreases slightly in the following two cases, treated with CuSQO4
without infection or treated with CuSO4 and the injection of S.aureus in the Wharton
Gelley without any significant (Figure .2.14, Left panel). The histograms at 48h show
a significant decrease in the level of miRNA-23b in the supernatant of the HUVEC
culture infected without CuSO4 (p < 0,005), with a slight decrease with CuSO4
treatment, followed by a significant decrease in the cells in the fourth CuSOs-treated
S.aureus infected specimen (p < 0,005). For all comparison by KW p < 0,005

(Figure.2.14, Right panel).
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Figure.2. 13 Effect of CuSO4 on miRNA-23b in the endothelial cells during

S. aureus incubation. miRNA-23b levels were determined by Real-time gPCR, reported as (2-44€T).
The results values correspond a mean and standard error of mean SEM of four independent experiments
in each group. miRNA-23b: microRNA-23b, CuSO4/S.a™: cells from healthy controls not treated with
CuSO0. and not infected by S. aureus, CuSO.7/S.a*: cells not treated with CuSO4 and infected by S. aureus,
CuSQ4*/S.a": cells treated with CuSO4 and not infected by S. aureus, CuSO4*/S.a*: cells treated with
CuSO0;. and infected by S. aureus
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2.6.7. Histological study

The umbilical vessels in the histological pieces formed two arteries and one vein in the
four pieces. The umbilical vein is larger with thinner media and fewer smooth muscle
cell laminae. In addition, we observed a layer of endothelial cells that lines the internal

face of these vessels.

As for the second piece, in which we have injected the bacteria with betamethasone
without the stress in the blood level, we noticed the presence of a group of cocci
(S.aureus) in the laminae of the vein and arteria (Red circles in Figure 2. 15 (B) and
Figure 2. 16 (A, B), respectively). In Figure 2. 15 (A), we observed the adhesion of
lymphocytes to the endothelial cells and Wharton’s jelly shows large open spaces

between fibers.
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[A]

[B]

Figure.2. 14 Microscopic observation of intima in the vein of umbilical

cord histological study. Effected by microscope optic. The red circle in the figure B shows the
localization of bacteria inside laminae of the vein

65
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[A]

(B]

Figure.2. 15 Microscopic observation of intima in the arterial of umbilical

cord histological study. Effected by inverted cell imaging fluorescence microscopy station. The
red circle shows the localization of bacteria inside laminae of areteria
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Chapter 3: Discussion and Conclusion

3. Discussion

Starting with the epidemiological part, in our neonatal department, the EOS was more
dominant than LOS. These results can be explained by the difference in age between
the two groups as well as the immune system activity of newborns in the first days. A
similar result was detected by Atif et al.; in (2008) [8]. Inversely in the study to Chabni
et al.; in (2015) were found LOS more dominant to EOS [34], worked on neonatal
nosocomial infection cases in Algeria. In general, EOS is acquired through vertical
transmission and therefore associates with organisms that colonize the genital tract.
Newborns can be affected by these organisms as they ascend through the amniotic fluid
or the birth canal. Invasive infection can occur if the organisms penetrate the skin

barrier via the infected fluid inhalation or trans-placental penetration [108].
3.1. Discussion of microbiological study

The main causal microorganism of neonatal sepsis reported were Gram-positive
bacteria, particularly the Staphylococcus spp. Among the 33 strains of bacteria, 09
strains of CONS were detected, accounting for 27,27 % of the cases. Among Gram-
negative bacteria, K. pneumoniae. accounted for the highest proportion, 18,18 %,
followed by Stenotrophomonas maltophilia (9,09 %) that were the case of three babies
dead, whereas the overall detection rate was low and basically consistent with that

reported in another study [109].
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Suggesting the causative pathogens detected in the department remained mainly Gram-
positive cocci, especially coagulase-negative S. hominis and S. epidermidis followed
by K. pneumoniae. This result is similar to other studies where the Gram-positive
bacteria where dominant, the main pathogen differ between the countries [31, 109—
111] which might be related to geographical differences or the number of samples

affected.

The incidence of birth and fetal mortality are key factors when assessing the level of
social protection ina country [112, 113]. In neonatal sepsis, the treatment by antibiotics,
where they target the infecting pathogen, but not the inflammatory process, which
continues to increase. Therefore, an ideal treatment approach should include
antimicrobials and anti-inflammatory drugs to neutralize the rising inflammatory
cascade and the resulting "cytokine storm" in NS [114]. The immune status of newborns
during the perinatal period is different from adults. Neonatal immune responses are
generally directed against the generation of Thl-related pro-inflammatory immune
responses while favoring Th2-related anti-inflammatory/immunosuppressive response
[115]. This process represents an efficient strategy to address the unique challenges of
the neonatal period, including maintaining tolerance to maternal antigens in utero and
balancing the transition from the sterile intrauterine environment to the antigen-rich

outside world [115].

miRNAs have the ability of post-transcriptional gene regulation, which can be done by
direct mRNA degradation or the inhibition of their translation [17]. To date, it became
obvious that the expression of more than 30 % of human genes is controlled by miRNAs

[116].
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miRNAs regulate molecular signaling pathways and immune activities [117] and after
a pathogenic invasion, a rapid miRNAs production. Thus, miRNA promotes the release
of inflammatory factors causing immune hyperactivity, and inducing apoptosis or
degrading inflammatory factors that can cause immunosuppression [118, 119].
Biomarkers commonly used in neonatal sepsis have yet to be completely conclusive
although they have shown some potential for in vitro diagnosis [120]. Since their
discovery, circulating miRNAs in human peripheral serum are used as biomarkers for
various types of cancers. The use of mMiRNAs as diagnostic and prognostic markers has
extended to other diseases, including sepsis, however, their role in infectious diseases
has rarely been studied [121, 122]. One of the main obstacles in establishing a well-
defined link between miRNAs and sepsis is the fact that sepsis can be caused by very
different factors; these cause similarities and differences influencing the patient
situation itself making sepsis so complicated [123]. For this reason, the association of

miRNAs with the diagnosis of sepsis remains controversial [124].

miRNAs from different biological fluids can be used for the early prediction and
evaluation of neonatal sepsis, where various miRNAs are downregulated, contributing
to the initiation of the immune response to infection [125]. To date, there are no studies
on miRNAs in both types of neonatal sepsis, i.e., early and late onset sepsis. Thus far,
to the best of our knowledge, there is no study investigating the expression levels of
miRNAs in haemoculture from septic patients and their change according to the types

of neonatal sepsis.

The neonatal immune response to sepsis depends on the timing of onset, relative
pathogens, and developmental age (premature newborns, full-term newborns, infants,

etc.) [126].
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It is markedly different from the immune response in adults because of specific
neonatal microbial susceptibility and atopic properties. Differences have also been
reported in the regulation of target gene expression by miRNAs in innate immunity
[117]. A study of ten immune-regulating miRNAs whose expression was significantly
altered more than twice in neonates with sepsis compared to uninfected neonates
showed that miRNA expression levels are altered and associated with the regulation of

the immune response in neonatal sepsis [125].

In another study, decreased levels of miR-26a have been correlated with upregulation
of IL-6 expression in mononuclear blood cells and serum; nevertheless, neither the age
of newborns nor the type of sepsis has been specified. Moreover, it has been reported
that miR-15a/16 can be used as a potential biomarker for diagnosis and prognosis of
neonatal sepsis and that miRNA15a/16 regulation may limit the inflammatory response

to LPS [127].

Although the discovery of miRNA-23b is recent [17, 92], intense research has
succeeded in showing that it is involved in various physiological and
pathophysiological processes. So, it was shown to be an essential moderator of several
physiological pathways that regulate the differentiation of multiple cell lines such as
keratinocytes, chondrocytes, and skeletal muscle. miRNA-23b regulates also the
inflammatory response in several autoimmune diseases through suppressing of pro-
inflammatory signaling pathways in resident cells macrophages [86], and plays a
critical role in certain pathologies, including acute myocardial infarction (AMI),
inflammatory heart diseases, and sepsis-induced cardiac dysfunction [87, 128, 129],

diabetic nephropathy [88] and prostate cancer [89].
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In sepsis, MIRNA-23b has been reported to be downregulated in peripheral
mononuclear blood cells (PBMCs) from adult patients and in LPS-induced THP-1
human monocyte cell line, and negatively correlated with the production of pro-
inflammatory cytokines. Additionally, increased expression of miRNA-23b has been
shown to induce downregulation of pro-inflammatory cytokines production and LPS-

stimulated apoptosis [91].

From our side, we showed the possibility of measuring miRNA in general in
haemoculture, so that we do not need direct patient blood, even after five hours of
incubation until to use it. In addition, we showed that at term birth, neonates with
negative haemocultures (control group) showed decreased miRNA-23b levels in the
first 72 h of life, which begin to increase after 72 h. Conversely, neonates with a positive
blood culture who did not survive the infection always showed down levels of miRNA-
23b regardless of whether they were premature or born normally. Additionally,
neonates with positive haemoculture that survived infection showed high miRNA-23b
during the first 72 h of life, regardless of whether they were born at term or born
prematurely. Thus, the increase in miRNA-23b levels during the first 72 h of life in
septic neonates may be a potent prognostic factor for survival and a sensitive clinical

marker, both in preterm and at term neonates.

It has been shown using an animal model of sepsis that miRNA profiles in CD8" T cells
from adult and neonatal mice were surprisingly similar during infection. However, in
absence of infection miRNA levels were different. In particular, marked differences
were observed in the expression levels of miRNA-29 and miRNA-130 between adult
and neonatal cells before infection. Likewise, changes in the expression of messenger

RNA targets have been noted for both miR-29 and miR-130 [130].
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In our study, we showed a difference in miRNA-23b expression levels in EOS and LOS.
Hence, the expression levels of miRNA-23b increased in EOS patients with positive
blood culture and decreased in LOS patients, either in premature or full-term newborns.
Nevertheless, we also observed that there is a difference in expression over time in the
control group before and after 72 h of birth. This could be due to differences in genome

expression patterns in newborns between early- and late-onset sepsis.

Exclusive to newborns, uninfected status and host response to sepsis is significantly
affected by the time of birth [85, 131], in which the development of an immune system
is a continuous process throughout embryogenesis and into childhood. Hence, the
differential expression of mMIRNAs in neonatal sepsis could be considered a
developmental characteristic of the immune response [125]. Then, early and late sepsis
responses differ considerably, depending on the postnatal age at the moment of sepsis
[132]. By controlling postnatal age in studies of epigenetic changes during neonatal
sepsis, we could be able to better understand the immune mechanism in newborns and
to identify therapeutic targets. From these results, we suggest the possibility of using
miRNA-23b levels as an in vitro diagnosis marker, which can be used to differentiate
between EOS and LOS. Therefore, the levels of miRNA-23b are upregulated during

the first 72 h of life and downregulated over time.

3.2. Discussion of immunological study

Overall, knowledge on neonatal vascular endothelium is much more limited. Neonatal
endothelial cells are characterized by their lower expression of adhesion molecules

compared to adults, and a reduced capacity to neutralize reactive oxygen species [54].
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Similarly, in human umbilical vein endothelial cells (HUVECSs) from preterm neonates
after LPS stimulation, they noted defective up-regulation of inducible E-selectin,
ICAM-1, and VCAM-1 [133]. In any neonatal sepsis study, the models like ours must
respond to two concepts: 1) in vitro models to study neonatal vascular endothelium
should carefully reproduce all age-specific micro-physiological conditions, such as the
quality and origin of plasma, the sub-substrate. 2) interacting immune cells, to more
accurately model age-specific biology that is relevant in vivo, thereby improving
translational research. Second, even in the context of adult sepsis, most researchers use
HUVECs as a model because of their availability and practicality. If we admit that there
are differences between neonatal and adult endothelium, most of the results obtained
with HUVEC model could more closely reflect neonatal rather than adult physiology

[32].

In general, in adults or newborns, endothelial cells constitute the inner wall of a blood
vessel and provide an anticoagulant barrier between the vessel wall and the blood [54].
The EC represents not only a selective permeability barrier but also a unique
multifunctional cell with critical basal and inducible metabolic and synthetic activities.
The EC reacts with physical and chemical stimuli in the circulation and regulates
hemostasis, vasomotor tone, immune and inflammatory responses. Injuring, activation,
or dysfunction of the endothelial cell are a hallmark of many diseases [51, 134]. To
regulate vascular tone, endothelial cells produce vasoactive and vasodilation factors.
Where the leading vasodilator factor is nitric oxide, produced by endothelial nitric oxide
synthase (eNOS) [135]. Its function is modulated by the intracellular calcium

concentration [136, 137].
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In general, endothelial dysfunction is associated with a redirection of the actions of the
endothelium towards reduced vasodilatation, a pro-inflammatory state, and
prothrombotic properties. Free radicals can perturb the NO balance, damaging the
endothelium and leaving it too permeable, causing the passage of toxins into body
tissues [51]. NO production by ECs is a key defense mechanism against vascular
dysfunction across multiple vascular beds, including the pulmonary circulation [138].
In septic pathology, NO plays an important role, since one of its derivatives,
peroxynitrite (ONOQO") has bactericidal properties, but it is also toxic to cellular
metabolism. Where it’s massive production during sepsis is responsible for the macro-
and microvascular dysfunction [137]. The production of NO not only by eNOS, but
also by inducible NO synthase is one of the main triggers of hypotension in sepsis.
However, improvement of sepsis-induced hypotension via NOS inhibitors is not

uniformly effective [7].

During severe S. aureus infection, the bacteria and their toxins can propagate in the
bloodstream by affecting the integrity of endothelial cells, leading to an increase in
vascular permeability. In endothelial cells, e.g. S. aureus alph-atoxin induces an
increase in cytosolic free Ca?* [139]. In our study, and Figure 2.3, we show that the
administration of betamethasone significantly neutralizes the inflammatory activity of
endothelial cells by increasing NO levels and attenuating pro-inflammatory cytokine
levels (Figure.2.7). Subsequently, the translocation of bacteria to the bloodstream is
confirmed by haemoculture of blood in the piece injected by bacteria without CuSQOa4

as can be shown in figures 2.14 and 2.15 of histological study.

Generally, the Glucocorticoids suppress inflammatory gene expression in several cell

types and increased susceptibility to infection [140].
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The study of Aidaetal.; in (2004) [141] contradicted our result. They demonstrate the
potential of betamethasone to down-regulate eNOS in cultured baboon endothelial cells
via glucocorticoid receptor pathways. In another cross-sectional clinical trial, mothers
received two doses of betamethasone or placebo administered intramuscularly only 24
hours. After observing these children after 30 years, they concluded that exposure to
betamethasone did not affect body size, blood lipids, blood pressure, plasma cortisol,
diabetes prevalence, or history of cardiovascular diseases. Therefore, prenatal exposure
to betamethasone can lead to insulin resistance in adult offspring [142]. This study
lasted for a 30 years and it depends on the indirect effect. Glucocorticoids have already
been shown to reduce oxidative stress in the lungs in the case of inflammation, in a
lamb model of persistent pulmonary hypertension PPHN Betamethasone reduces
oxidative stress and improves the response of pulmonary arteries to vasodilators in
lambs [143]. In addition, another study shows that freshly isolated HUVECs were
incubated with betamethasone (12 h) before inoculation in the flow chambers. HUVEC
pretreated with betamethasone promoted LPS-induced adhesion of adult
polymorphonuclear PMNs to the same extent as HUVECs without prior incubation with
betamethasone. Furthermore, they suggested that betamethasone does not interfere with
neutrophil recruitment, because flow cytometric analysis demonstrated the LPS
induced up-regulation of E-selectin and ICAM-1 in HUVEC was independent of prior
betamethasone treatment [135]. Another study reported that the dose of 0.2 mg/kg of
fetal betamethasone was administered to the rat was chosen to downregulate its effects

on fetal MRNA and protein levels [144].

ROS circulating in the bloodstream can interact directly with endothelial cells in the

inner lining of blood vessels, increasing intracellular oxidative stress in the EC [145].
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To create oxidative stress in the blood, we chose a usually used molecule “sulfate
copper”. Whereas Cu is an essential trace element that is absorbed, where it plays an
important role in the mitochondrial respiratory chain, anti-oxidative defense, and iron
metabolism. Some studies suggested that Cu-dependent cell proliferation is mediated
through enhanced binding of growth factors to the cell surface, increased secretion

of proangiogenic peptides such as FGF1 and IL-1a [146].

On the other hand, Cu deficiency alters the expression of adhesion molecules, such as
ICAM-1/VCAM-1 and intravascular adhesion of leukocytes to the activated EC [147].
Cu at a higher level becomes toxic and can catalyze the formation of highly reactive
hydroxyl radicals [148]. In (1992), Kishimoto et al showed that viability, subsequent
growth, morphology, and DNA synthesis were inhibited in a concentration-dependent
manner by the addition of copper. The toxic dose of copper starts from 1 uM-100 uM
[149]. Incubation of human umbilical vein endothelial cells for 48 hours with 500 uM
CuSOs stimulates cell proliferation. Copper-induced proliferation and migration may
suggest a possible mechanism for copper involvement in the angiogenesis process
[150]. In an animal model, mice with ischemia where they used only one group, but it
was treated three times with 40 ul of CuSOs4 (4 pg/ml, once every two days).
Immunohistochemical staining results at day 7 post-treatment indicated significantly
more CD31 positive endothelial cells in the CuSO4 group than in the saline control
group (P < 0,001) [151]. In our study, after one hour of injection CuSOs in the blood,
we detected in the cells an increasing in the expression of iCa*? (Figure. 2.12), and NO
(Figure. 2.9), but the expression of H>O> (Figure. 2.9), eNOS, arginase activity (Figure.

2.10) and catalase (Figure. 2.11) decreased.
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To clarify its effective role as transition metal cofactor, in the study of the responses of
copper-stressed larvae and their macrophages and neutrophils to infection by
Aeromonas hydrophila. Neutrophils and macrophages in copper-stressed embryos were
found to respond very rapidly to infection with A. hydrophila, suggesting that copper
may enhance the cell responses of neutrophils and macrophages at the bacterially

infected locus [152].

In our study, the copper in blood probably plays the same role in improving the cellular
responses at the infected bacterial locus. Another study mentioned Cu deficiency affects
the intravascular adhesion of leukocytes to activated endothelial cells and the
expression of adhesion molecules, such as ICAM-1/VCAM-1. This means Cu has an
important role in inflammatory responses involved in innate and adaptive immunity
through activation of NF-kB [146]. In addition, in vivo macrophages increase the
concentration of Cu in the phagosomes via the ATP7A Cu transporter, which increases

the bactericidal activity of the phagosome [153].

With increasing the intracellular copper concentration in S. aureus, CsoR complexes
with Cu®* are released from the DNA and reduce the transcription of copper resistance
genes. Probably due to the importance of Cu resistance for S. aureus [153]. Sepsis can
be prevented experimentally by endothelial cytoprotection by targeting nuclear
signaling that mediates inflammation and disrupted metabolism. Endothelial

"rheostats"”, such as miRNAs, regulate endothelial signaling [12].

The miRNA-23b is highly conserved RNA, with less than 0.5 kilobases (kb) of length.

In humans, the gene coding miRNA-23b is located on chromosome 9 [154].
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miRNA-23b has several roles, which contribute to the regulation of several signal

pathways [17].

It has been involved in the prevention of multiple autoimmune diseases through the
regulation of inflammatory cytokine signaling pathways [17]. In adult patients with
sepsis, the expression of mMiRNA-23b is related to the manifestation of an inflammatory
state and represents a potential tool to evaluate the severity and prognosis of the disease
[155]. Evaluation of the levels of miRNA-23b in haemoculture in the first part of our
work neonatal, proved the importance of miRNA-23b in favoring the development
of sepsis, where we can be used in diagnosis and monitoring marker of sepsis
progression. Thus, showed that miRNA-23b levels increased in early onset sepsis, but
decreased in late onset sepsis, relatively with negative controls. In both early and late
sepsis where the patients die, the levels of miRNA-23b were significantly
decreased [57]. In our result (Figure. 2.14), we observed a decrease in miRNA-23b in
the cells extracted from the piece where we injected betamethasone and the bacteria

without CuSOs, which led to the appearance of bacteria in the blood.

Where miRNA-23b plays an important role in the pathogenesis and progression of
sepsis. Downregulation of miRNA-23b inhibits the expression of inflammatory factors
including NF-xB, TNF-qa, IL-6, ICAM-1, VCAM-1and E-selectin [17]. A single study
shows that copper can modulate the expression of miRNAs on the zebrafish olfactory
system [156]. Among the limitations of this model, like other models where umbilical
cord blood and HUVEC are, although readily available for study, probably our model
is more immunotolerant and does not reflect postnatal immune responses; since the

neonatal immune system is not clearly demarcated [157].
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Conclusion and perspectives

The data obtained in this work show a decrease in the number of patients with neonatal
sepsis, but the infectious mortality rate remains high, requiring a larger study than ours.
We need to know more about the case of mothers during pregnancy (pregnancy
monitoring) since NS is mainly related to the immunity and environment of mothers
during pregnancy and after childbirth. The identification of the causal microorganism
responsible for sepsis does not show the most frequent strains in the population studied,
but also it is the beginning to establish an effective treatment, after the antibiogram and

studies of molecular biology.

Our results showed for the first time that haemoculture, is tool of choice to study
miRNA changes in neonatal sepsis. Also, the role of miRNA-A23b which is an
effective tool for the diagnosis of sepsis, the distinction between EOS and LOS, and the
prognosis and worsening of the disease, where it is negatively correlated with death in

newborns.

In addition the results obtained from our ex-vivo model, show the decrease in the
proinflammatory response, and that copper only causes the increase in the
proinflammatory and regulated the level of miRNA-23b. These results favored new
approaches to "epi-therapy”. Copper can induce a pro-inflammatory response
strengthening the defense mechanism of endothelial cells and indeed could have a
potential effect on the behavior of immune cells, and helping to fight against the

translocation of bacteria to the blood.
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This model needs more studies in order to understand the mechanisms by which ROS
in the blood can modify the function of endothelial cells, In addition to the effect of

betamethasone in the tissue that led to the translocation of bacteria to the blood.

Therefore, we can summarize the following points as perspectives:

- Monitoring pregnancy and its associated complications are the cornerstone of

understanding the mechanism of sepsis in newborns.

- The mechanism of miRNA-23b in sepsis must be elucidated for new approaches to

"epi-therapy"

- Antibiotic and molecular biology studies of isolated strains have been recommended

for effective antibiotic therapy, whether empirical or targeted.

Our ex-vivo model requires further studies to elucidate:

R/
L X4

The mechanism of operation of ROS in the blood.

X4

How exactly to act on the EC cells.

-,

X4

How the bacteria translocate from tissue to blood.

-,

% How the immunosuppressant promote bacterial translocation. In addition to

this, you need to know more about it.
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Abstract

study because neonatal samples are lacking.

positively correlated.

patient monitoring.

Background: Neonatal sepsis remains an important cause of morbidity and mortality. The ability to quickly and
accurately diagnose neonatal sepsis based on clinical assessments and laboratory blood tests remains difficult,
where haemoculture is the gold standard for detecting bacterial sepsis in blood culture. It is also very difficult to

Methods: Forty-eight newborns suspected of sepsis admitted to the Neonatology Department of the Mother-Child
Specialized Hospital of Tlemcen. From each newborn, a minimum of 1-2 ml of blood was drawn by standard sterile
procedures for blood culture. The miRNA-23b level in haemoculture was evaluated by RT-gPCR.

Results: miR-23b levels increased in premature and full-term newborns in early onset sepsis (p < 0.001 and p <
0.005 respectively), but lowered in late onset sepsis in full-term neonates (p < 0.05) compared to the respective
negative controls. miR-23b levels also increased in late sepsis in the negative versus early sepsis negative controls
(p < 0.05). miR-23b levels significantly lowered in the newborns who died from both sepsis types (p < 0.0001 and

p < 0.05 respectively). In early sepsis, miR-23b and death strongly and negatively correlated (correlation coefficient =
—0.96, p=0.0019). In late sepsis, MIRNA-23b and number of survivors (correlation coefficient =0.70, p = 0.506)

Conclusions: Lowering miR-23b levels is an important factor that favours sepsis development, which would
confirm their vital protective role, and strongly suggest that they act as a good marker in molecular diagnosis and

Keywords: Early-onset sepsis, Haemoculture, Late-onset sepsis, miR-23b, Newborns

Introduction

During the neonatal period, the immune system is still
immature, and most immune responses are ensured by
innate immunity, triggered following intimate contact
between immune cells and microbes. In newborns, al-
tered microbiota or microbial deprivation, as well as
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reduced microbial diversity, greatly increase the risk of
immune dysregulation and proneness to inflammatory
diseases. This makes neonates very fragile and more sen-
sitive to several infectious diseases (Kumar and Bhat
2016; Lucignano et al. 2011).

Nowadays, neonatal sepsis is one of the most danger-
ous conditions to affect newborns during the first 28
days of life, and is a first-order public health system
problem given its very high risk of mortality and mor-
bidity (Bhandari 2014; Panwar et al. 2017). It is fre-
quently divided into two types according to onset time:
early-onset sepsis (EOS), when the process develops dur-
ing the first 72 h of life; late-onset sepsis (LOS), when it
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occurs after the first 72 h. Unlike to fungi and parasites,
bacteria and viruses are the commonest causative agents
involved in neonatal sepsis aetiology (Ansari et al. 2015;
Cortese et al. 2016).

Sepsis is commonly diagnosed by microbiological
blood culture, but this can take days to perform, can suf-
fer contamination and provide false-negative results. An
empirical antibiotic therapy approach in neonatal sepsis
is common clinical practice. In the presence of suspected
bacterial infection, the use of random antibiotics is often
unnecessary and prolongs the treatment of many un-
infected newborns. Increasing the risk of multi-
resistant strains emerging, however, or delaying or
stopping antibiotic use in septicaemic newborns can
also be catastrophic given rapid disease progression
(Ng 2004; Shane et al. 2017). In addition, caring for
newborns in specific hospital departments is a drain
on human and financial resources (Atif et al. 2008;
Wagstaff et al. 2019).

MicroRNAs (miRNAs), a class of small single-stranded
non-coding regulatory RNAs of about 19 to 22 nucleo-
tides, are involved in a wide range of biological processes
and have opened a new window of hope to diagnose,
and even treat, various diseases. miRNA binds to specific
mRNA molecules to inhibit the expression of target
genes or to degrade mRNA, which then contributes to
cell proliferation, differentiation, development, metabol-
ism, apoptosis and other physiological activities (Wu
et al. 2015; Lenkala et al. 2014). Given their role in vari-
ous cellular processes, recent studies reveal how miR-
NAs may have the potential to be an early biomarker in
a number of diseases, including sepsis (Wang et al.
2010). Among microRNAs, we can identify miR-23b.
Chromosomal region 9q22.32 produces miR-23b. The
combined body of available works suggests that miR-23b
expression is not only modulated by a diverse array of
stimuli in cells from different lineages, but also partici-
pates in multiple gene regulatory feedback loops (Wang
et al. 2018). Nevertheless, the role of miRNAs in neo-
natal sepsis has not been widely explored. It is note-
worthy that miR-23b is a proven and important
regulator of the innate immune response in both cancer
and several inflammatory processes (Zhu et al. 2012). In
addition, some studies show that microR-23b expression
in the peripheral blood of sepsis patients is related to the
manifestation of an inflammatory state and may, there-
fore, be used to evaluate the severity and prognosis of
adults patients with this disease (Ou et al. 2018). In an-
other study, miR-23b is proposed as an essential con-
tributor to cardiac fibrosis activation to mediate the
development of myocardial dysfunction in late sepsis.
This report suggests that blocking miR-23b expression
might be an effective approach to prevent sepsis-induced
cardiac dysfunction (Zhang et al. 2018). Another study
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reveals that miR-23b inhibition down-regulates the ex-
pression of programmed death ligand-1 (PD-L1) on
splenic T lymphocytes of septic mice. This discovery
opens up new therapeutic pathways in late stages of the
septic phase (Beltran-Garcia et al. 2020). Finally, another
study demonstrates that miR-23b is an anti-
inflammatory factor that negatively regulates the inflam-
matory responses induced by lipopolysaccharide (LPS)
by targeting metalloproteinase 10 (ADAM10) (Zhang
et al. 2019a).

Haemocultures are the “gold standard” for identifying
bacterial and fungal infections in the bloodstream. How-
ever, they are limited by large volume requirements to
maximise sensitivity and often imply long incubation
times. To address some of these limitations, many ad-
vances have been developed to improve sensitivity and
to reduce the time required to identify the cause of
bloodstream infections. Molecular amplification tech-
niques have been developed to replace the incubation
step in blood culture targeting conserved regions of mi-
crobial genomes for amplification, such as rRNA genes
and interspace region 16S-23S (Tsalik et al. 2010; Gur-
tler and Stanisich 1996; Draz et al. 2013).

In this study, we attempted to estimate the expression
levels of candidate circulating miR-23b in small cohorts
of newborns diagnosed with early (EOS) or late (LOS)
sepsis by microbiological blood culture test in the Neo-
natology Department of Mother & Child Specialized
Hospital Establishment of Tlemcen (northwest Algeria).
We show for the first time that miR-23b can be consid-
ered a potential marker of sepsis in haemocultures from
neonate peripheral blood samples. Hence, we demon-
strated that miR-23b levels increased in EOS, but low-
ered in LOS, compared to the respective negative
controls. These levels also increased in the LOS negative
controls compared to the EOS negative controls. There-
fore, the drop in miR-23b levels would undoubtedly be
an important factor that favours sepsis development,
which would confirm their vital protective role on the
one hand, and would strongly suggest their use as a
good marker in both molecular diagnosis and patient
monitoring on the other hand.

Patients and methods

Ethical aspects

The present study was approved by the Local Ethics
Committee of Tlemcen University. Parents or legal
guardians gave written informed consent so that the
samples from all the participating infants could be used
according to the Declaration of Helsinki.

Study population
Of the 2561 newborns admitted during a 12-month
period to the Neonatology Department of Mother &
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Child Specialized Hospital Establishment (EHS, Etablis-
sement Hospitalier Spécialisé Mére-Enfant) of Tlemcen
(northwest Algeria), 254 (9.91%) newborns with sepsis
were recorded. Forty-eight cases aged up to 28 days with
clinical features of sepsis (e.g. fever, respiratory distress,
bradycardia, tachycardia, convulsions, cyanosis), and an
association, or not, with premature rupture of mem-
branes (PROM), and abnormal amniotic liquid as risk
factors (Singer et al. 2016), who met the neonatal sepsis
inclusion criteria, were recruited in a prospective cohort
study. The exclusion criteria included those patients
without sepsis clinical features or those who had re-
ceived antibiotherapy before sampling. Newborns in-
cluded 20 females and 28 males. The 48 patients were
randomly divided into two groups of 27 EOS, including
nine cases of preterm newborns and 21 LOS patients.

Samples for blood haemoculture
Peripheral blood samples (1-2 mL) were inoculated into
aerobic bottles containing paediatric haemoculture
medium (BIOSCAN, Sétif, Algeria) to be incubated at
37°C for 4-6h with agitation. Aliquots of 2 mL were
collected and stored at — 80 °C until RNA extraction.
Total RNA extraction, including miRNA, was per-
formed with a minimum of 200 uL of cell-free super-
natant obtained after centrifuging an aliquot at 1200
rpm for 10 min using the miRNeasy Serum/Plasma kit
(Qiagen, Valencia, Spain) according to the manufac-
turer’s protocol. RNA was eluted with 20 uL of RNase-
free water and was then quantified in a NanoDrop ND
2000 UV spectrophotometer (Thermo Scientific, Wil-
mington, DE, USA).

Reverse transcription PCR and real-time qPCR

Total RNA (1 pL) was converted into complementary
DNA (cDNA) by reverse transcriptase using the miRNA
TagMan reverse transcription kit and miRNA-specific
stem and loop primers (Part No. 4366597, Applied Bio-
systems. Inc., CA, USA). Real-time PCR was performed
in an Applied BioSystem 7900HT Thermocycler (Ap-
plied Biosystems/Thermo Fisher, USA) with 40 cycles.
The primers herein used were designed for miRNA-23b
(hsa-miR-23b (Assay ID 002126). Thermo Fisher, CA,
USA), and U6 snRNA (U6-snRNA (Assay ID 001973).
Thermo Fisher, CA, USA), was used for standardisation
purposes by the delta-delta CT method (2-*4<T).

Statistical analysis

The results represent the mean (+ standard deviation) of
the median values of three independent replicate experi-
ments. Analyses of variance were carried out by Mann
Whitney U or Kruskal-Wallis non-parametric tests
using GraphPad Prism 8.0.1 (244) as data were not
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normally distributed (Olsen 2003). P-value <0.05 was
considered statistically significant.

Results and discussion

Forty-eight haemocultures were performed in this study,
of which 18.75% were premature and 81.25% at-term.
Gender, temperature, heart rate, respiratory rate, gly-
caemia and caesarean vs. vaginal delivery characteristics
were not statistically different between the control and
the positive haemoculture groups. However, neonates’
weight in both sepsis types was significantly different to
C-reactive protein (CRP), which significantly differed in
the EOS neonates. The clinical information of the 48 pa-
tients is shown in Table 1.

Changes in the miRNA-23b expression levels in early
onset sepsis

The miR-23b expression levels in the neonatal sepsis
samples were analysed by the quantitative real-time PCR
method. Our results showed that, compared to the con-
trol group, the miR-23b expression levels significantly
differed in the neonatal sepsis samples either in the at-
term or premature neonates (p < 0.001 KW) (Fig. 1). The
miR-23b expression significantly lowered in the neonates
who died of sepsis (p < 0.0001, p <0.05 at-term and pre-
mature infants, respectively), and significantly increased
in the neonates who survived with a positive haemocul-
ture (p <0.005, p <0.001). These results reveal that miR-
23b expression correlates with sepsis progression.

Changes in the miR-23b expression levels in late onset
sepsis

Figure 2 shows how the miR-23b expression in LOS sig-
nificantly lowers in both the dead and surviving new-
borns with a positive haemoculture, with p <0.005 and
p <0.05, respectively, compared to the controls and for
all comparisons (p < 0.05 KW). Two cases presenting the
clinical signs of sepsis died, but the haemoculture was
negative. In this case, we recorded a significant drop in
the miR-23b level with a negative haemoculture (p <
0.05). This case was considered a false-negative haemo-
culture, probably due to the sampling time (Hall and
Lyman 2006) or another limitation, like the presence of
unculturable or fastidious microorganisms that could de-
crease its sensitivity (Jordana-Lluch et al. 2014).

Change in the miRNA-23b expression levels in newborns
in two different stages

The differences between our results when comparing
EOS and LOS led us to think back to the starting point
before sepsis appeared. Figure 3 shows the miR-23b ex-
pression level after the first 72 h of life and beyond that
time in the control patients. The results revealed a sig-
nificant increase in the miR-23b level after 72 h of live
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Table 1 Characteristics of the newborn patients with sepsis in the present study

EOS/LOS Full-term patients Premature patients p
(n=27,21) Co/NH (control) SP/PH DP/PH DP/NH Co/NH (control) SP/PH DP/PH
(9, 6) (7,12) (2, 1) (0, 2) (4, 0) (2, 0) (3,0
Gender (M/F)
EOS 5/4 4/3 1 - 1/3 1 2/1 NS
LOS 6/0 6/6 0/1 2/0 - - - NS
Weight (kg)
EOS 287+0.76 3.16+£0.65 330+£014 - 2.01+0.09 143+0.23 163+0.57 <0.001
LOS 3.17+£0.86 3+£086 25+0 29+0.28 - - - <0.001
TCO
EOS 36.17+£143 3505+ 142 345+127 - 36.35+2.30 33.07+221 36.17+£1.20 NS
LOS 3733 +285 383+£153 374+0 39.05+0.95 - - - NS
HR (BPM) -
EOS 136 £16.37 143.6+£17.87 125+£99 - 1205+ 19.58 125+£7.07 150+ 10 NS
LOS 151.8 27 1403 +17.27 180+0 135+7.07 - - - NS
RR (BrPM) -
EOS 553+ 1456 557171 38 +5.66 58 +£542 42+£283 6267 +4.72 NS
LOS 50.7 £14.01 525+6.1 52+0 42+283 - - - NS
Gly (mg/dL)
EOS 095+ 048 063+0.23 052+0.60 0.73+025 - 045+0.15 NS
LOS 1.12£0.22 0.65+0.21 - 0.66£0.17 - - - NS
CRP (mg/dL)
EOS 25.78+17.87 41.17+30.75 - - 63 +88.25 - - <0.0001
LOS 47 £ 8137 39.87 £29.78 - 42 +2545 - - - NS
VD vs. CD - -
EOS 5/4 5/2 1 - 2/2 1 1/2 NS
LOS 5/1 11 1/0 2/0 - - - NS

Data are presented as the mean + standard deviation (X + SD)

BPM beats per minute, BrPM breaths per minute, CF Cardiac frequency, Co/ NH control newborns with negative haemoculture, CRP C-reactive protein, DP/NH
patients who died with negative haemoculture, DP/PH patients who died with positive haemoculture, EOS early onset sepsis, F female, Gly glycaemia, HR Heart
rate, EOS early onset sepsis, LOS late onset sepsis, M male, NS not significant, RR Respiratory rate, SP/PH patients who survived with positive haemoculture, VD vs.

CD vaginal vs. caesarean delivery

performance p <0.05 compared to that before the first
72 h of life.

The correlation between miR-23b, sepsis and death
during the neonatal period

Figure 4 shows a very strong negative correlation be-
tween miR-23b and death in early sepsis patients (r=—
0.96, p = 0.002), the same for premature, with a negative
correlation with miR-23b and death sepsis (r=-0.89,
p=0.0001), but the miR-23b level correlated negatively
with sepsis (r=-0.81, p=0.39). With late sepsis, a low
negative non-significant correlation is observed between
miR-23b and the appearance of sepsis (r=-0.26, p =
0.32). Nevertheless, we show a positive correlation be-
tween miRNA-23b levels in both the control and non-
survivor patients (r = 0.70, p = 0.506).

Infant and late foetal deaths are key factors when
assessing a country’s level of social protection (Say et al.
2009; Gonzalez and Gilleskie 2017). In neonatal sepsis,
the leading treatment is antibiotics, which target the in-
fecting pathogen, but not the inflammatory process that
continues to increase. Therefore, an ideal treatment ap-
proach should include antimicrobial and anti-
inflammatory drugs to neutralise the rising inflammatory
cascade and the resulting “cytokine storm” in neonatal
sepsis (Nedeva et al. 2019). Newborns immune status
during the perinatal period differs from that of adults.
Neonatal immune responses are generally directed
against the generation of T helper type 1 (Thl)-related
proinflammatory immune responses, while favouring the
Th2-related anti-inflammatory /immunosuppressive re-
sponse (Kollmann et al. 2012). This process represents
an efficient strategy to address the unique challenges of
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Fig. 1 Changes in the miRNA-23b expression levels in early onset sepsis. Scatter plot values a on the left represent the miR-23b level for EOS in
the at-term newborns, measured by (2227, While that scatter plot in b on the right represent the miR-23b level in the premature newborns.
The line inside the boxes corresponds to the median values. For the at-term patients, Co/NH (n=9), DP/PH (n=2), SP/PH (n=7). For the
premature patients, Co/NH (n=4), DP/PH (n = 3), SP/PH (n = 2). Co/NH: negative haemoculture, DP/PH: positive haemoculture in dead newborns,
SP/PH: positive haemoculture in the newborns who survived. KW: Kruskal-Wallis. The sharp indicate significant differences highlighted between all
groups using the Kruskal-Wallis test: ### p < 0.001

the neonatal period, including maintaining tolerance to
maternal antigens in utero and balancing the transition
from the sterile intrauterine environment to the antigen-
rich outside world (Kollmann et al. 2012).

# KW miRNAs are endogenous, non-coding, single-stranded

5- RNAs (~ 22 nucleotides long) with the ability to degrade

mRNA or inhibit translation, which then regulates gene

5 4 & expression at the post-transcriptional level (Wu et al.

2 [ ) 2015). We know that the expression of >30% of human

i:l’ genes is controlled by miRNAs (Bartel 2004). miRNAs

o 3 - also regulate molecular signalling pathways and immune

&~ & activities (Yu et al. 2018). The invasion of pathogenic

<' 2 - microorganisms, followed by rapid miRNAs production,

= ® promote the release of inflammatory factors that cause

o 14 % % immune hyperactivity, and induce apoptosis or degrad-

= Lo ing inflammatory factors that can provoke immunosup-

pression (Li et al. 2014; Chen et al. 2013).

0 T T T T The biomarkers frequently used in neonatal sepsis are

> e o) P still not completely conclusive. But have shown some

Q\é Q\é Q\Q Q\Q potential for in vitro diagnoses (Kingsley Manoj Kumar

<o < @ Y and Vishnu Bhat 2015). Since their discovery, circulating

Fig. 2 Changes in the miR-23b expression levels in late onset sepsis. miRNAs in human peripheral serum are used as bio-

Scatter plot values represer)&kcws miR—Z}b !evgl for LOS in at-term markers of various cancer types. The use of miRNAs as
newborms, measured by (2 ). The line inside the boxes corresponds to . . .

the median values. Co/NH (1= 6), DP/NH (1= 2), SP/PH (= 12), DP/PH diagnostic and prognostic markers has extended to other

(n=1). Co/NH: negative haemoculture, DP/NH: negative haemoculture in diseases, including sepsis, but their role in infectious dis-

the dead newborns, DP/PH: positive haemoculture in the newborns who eases has rarely been studied (Wang et al. 2013; Wang

died, SP/PH: positive haemoculture in the newboms who survived, KW: et al. 2012). One of the main obstacles to establish a

Kruskal-Wallis. The shar‘p indicate signiﬁcaqt differences highlighted well-defined link between miRNAs and sepsis lies in the

between all groups using the Kruskal-Wallis test: # p < 005

fact that sepsis can be caused by very different factors
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Fig. 3 Change in the miRNA-23b expression levels in newborns at
two different stages. Scatter plot values represent the miR-23b level
for the negative control of EOS (n=9) and the negative control of
LOS (1 =6) in terms of the newborns, measured by (2"22<T). The line
inside the boxes corresponds to the median values. LOS/ Bac-:
negative haemoculture in LOS, Co/NH before 72 h: negative
haemoculture in EOS, where patients’ age was less than 72 h, Co/NH
/ before 72 h: negative haemoculture in LOS, where patients’ age
was more than 72 h. *p=0.011 via the Mann-Whitney U test

that cause similarities and differences, which influence
the patient’s situation itself and make sepsis so very
complicated (Stearns-Kurosawa et al. 2011). This is why
the association of miRNAs with sepsis diagnosis remains
controversial (Zhang et al. 2019b).

miRNAs from different biological fluids can be used
for the early prediction and evaluation of neonatal sepsis,
where various miRNAs are down-regulated, and contrib-
ute to the initiation of the immune response to infection
(Chen et al. 2014). To date, no studies are available on
miRNAs in both neonatal sepsis types, i.e.,, EOS and
LOS. To the best of our knowledge, no study has investi-
gated miRNAs expression levels in haemocultures from
septic patients and their change according to neonatal
sepsis types.

The neonatal immune response to sepsis depends on
the timing of onset, relative pathogens and
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developmental age (Sweeney et al. 2018), and is mark-
edly different from the immune response in adults be-
cause of specific neonatal microbial susceptibility and
atopic properties. Differences have been reported in the
regulation of target gene expression by miRNAs in in-
nate immunity (Yu et al. 2018). A study of ten immune-
regulating miRNAs, whose expression significantly al-
tered more than 2-fold in neonates with sepsis compared
to uninfected neonates, showed that miRNA expression
levels were altered, and that this alteration in miRNAs
modulated the immune response during neonatal sepsis
so as to represses inflammatory response (Chen et al.
2014). In another study (Cheng et al. 2018), low
miRNA-26a levels have been correlated with the up-
regulation of IL-6 expression in blood mononuclear cells
and serum. Nevertheless, neither newborns age nor sep-
sis type has been specified. There are also reports indi-
cating that miR-15a/16 can be used as a potential
biomarker for the diagnosis and prognosis of neonatal
sepsis, and that miRNA15a/16 regulation may limit the
inflammatory response to LPS (Wang et al. 2015).

Although the discovery of miR-23b is recent (Wu
et al. 2015; Ou et al. 2018), intense research efforts have
been made to show that it is involved in various physio-
logical and pathophysiological processes (Wang et al.
2018). So, it has been revealed as an essential moderator
of several physiological pathways that regulate the differ-
entiation of many cell lines, such as keratinocytes, chon-
drocytes and skeletal muscle. miR-23b also regulates
inflammatory response in several autoimmune diseases
through suppressing proinflammatory signalling path-
ways in resident cells, such as human fibroblast-
likesynoviocytes, and in primary kidney cells and astro-
cytes from mice (Bordon 2012). miR-23b also plays a
critical role in certain pathologies, including acute myo-
cardial infarction, inflammatory heart diseases and
sepsis-induced cardiac dysfunction (Grossi et al. 2018;
Zhao et al. 2016), diabetic nephropathy (Zhao et al
2016) and prostate cancer (Pimenta et al. 2018). We
herein demonstrate for the first time the presence of
miR-23b in haemocultures from neonatal sepsis and
their interest for diagnosis and prognosis in early and
late sepsis.

In sepsis, miR-23b has been reported to be down-
regulated in peripheral blood mononuclear cells
(PBMCs) from adult patients and in the LPS-induced
THP-1 human monocytic cell line, and has been nega-
tively correlated with the production of proinflammatory
cytokines. Increased miR-23b expression has been
shown to induce the down-regulation of proinflamma-
tory cytokines production and LPS-stimulated apoptosis
(Zhang et al. 2019a).

In the present study, we revealed that at-term birth,
the neonates with negative haemocultures (the control
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Fig. 4 Correlation between miRNA-23b expression and dead
newborns with sepsis. Individual values represent the correlation
with the miR-23b level, survivor and dead in newborns with sepsis.
a: in early onset sepsis in at-term newborns, b: early onset sepsis in
premature newborns, c: late onset sepsis in at-term newborns.
Control: patients with negative haemoculture, dead: dead patients
with sepsis, survivor: survivor patients with sepsis, r:

correlation coefficient

group) presented low miR-23b levels during the first 72
h of life, which started to increase after 72 h. Conversely,
the neonates with a positive haemoculture who did not
survive infection always showed the lowest miR-23b
levels, regardless of whether they were premature or
born at term. In addition, the neonates with a positive
haemoculture who survived infection had high miR-23b
levels during the first 72h of life, irrespectively of
whether they were born at term or premature. Thus the
increase in miR-23b levels during the first 72 h of life in
septic neonates may be a potent prognostic factor for
survival and a sensitive clinical marker in both preterm
and at-term neonates.

It has been recently shown with an animal model of
sepsis that miRNA profiles in CD8" T cells from adult
and neonatal mice were surprisingly similar during in-
fection, but infection miRNA levels differed when it was
absent. In particular, marked differences were observed
in the miR-29 and miR-130 expression levels between
adult and neonatal cells before infection. Likewise,
changes in the expression of messenger RNA targets
have been noted for both miR-29 and miR-130 (Wissink
et al. 2015).

Our study indicated a difference in the miR-23b ex-
pression levels in both EOS and LOS. The miR-23b ex-
pression levels increased in the EOS patients with a
positive haemoculture and lowered in the LOS patients
with either premature or full-term newborns. Neverthe-
less, we also observed a difference in expression over
time in the control group before and after 72 h of birth.
This could be due to differences in the genome expres-
sion patterns in newborns between EOS and LOS. Ex-
clusively to newborns, uninfected status and host
response to sepsis are significantly affected by time of
birth (Wynn et al. 2015; Raymond et al. 2017), in which
immune system development is a continuous process
throughout embryogenesis and into childhood. Hence
the different miRNAs expression in neonatal sepsis
could be considered a developmental characteristic of
the immune response (Chen et al. 2014). Early and late
sepsis responses considerably differ depending on the
postnatal age at the time of sepsis (Ng et al. 2018). By
controlling postnatal age in studies on epigenetic
changes during neonatal sepsis, we were able to better
understand the immune mechanism in newborns and to
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identify therapeutic targets. From these results, we sug-
gest the possibility of using miR-23b levels as an in vitro
diagnosis marker, which can be used to differentiate be-
tween EOS and LOS. miR-23b levels are up-regulated
during the first 72h of life and down-regulated over
time during this period.

Conclusions

In this first report, we demonstrate the usefulness of
miRNAs in haemocultures from neonates, and the role
of miR-23b as a potent biomarker in sepsis. This study
could be of much interest in not only research, but also
in Translational Medicine, and more specifically in Neo-
natal Infectiology, where the use of large volumes of
blood is not possible. In fine, this study provides add-
itional elements into the molecular approach for diag-
nosing and treating neonatal sepsis. These elements
include three essential points: (i) miR-23b plays a vital
role in neonatal sepsis; (ii) the expression of miR-23b
differs during the neonatal period; (iii) miR-23b expres-
sion levels are up-regulated in EOS and down-regulated
in LOS.
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Abstract

Background: Neonatal sepsis represent a major challenge in public health, where is the third most common cause of death of
newborns. Neonatal sepsis characterized by misunderstood either at the molecular or at the cellular level. Here, in our study, we
investigated the role of miRNA-23b in neonatal sepsis, and we studied the effect of reactive oxygen species in the activity of
endothelial cells in sepsis.

Methods: Our study has two main parts. A prospective study based on Fifty-four newborns suspected sepsis. By RT-qPCR, we
quantified the level of mMiRNA-23b in hemoculture. Via an ex-vivo model, we used the umbilical cord, which's divided into four
groups. Where the exposure to oxidative stress caused by CuSO, and sepsis by Staphylococcus aureus. After 1 hour of incubation,
we isolated endothelial cells and studied them.

Results: our study showing the relationship between sepsis and miRNA-23b, where We have shown that miRNA-23b levels
increased in premature and full-term newborns in the case of EOS (p < 0.001 and p < 0.005 respectively), but decreased in LOS (p
< 0.005). And proved the negative correlation between newborns who died from sepsis and miRNA-23b level. In the ex-vivo
model, we have shown endothelial cells behaved differently against bacteria in the four conditions With betamethasone and
without CuSO4, we noted the translocation of bacteria to the blood with a decrease in the level of miR-23b. Injection of CuSO4
into the blood induces a change in the activity of ECs and neutralizes the level of miR-23b, contribute to the defense against
the translocation of bacteria in the blood.

Conclusions: The decrease in miRNA-23b levels would undoubtedly be an important factor favoring the development of neonatal
sepsis. In addition to the protective role of copper-induced oxidative stress, activated endothelial cells promoting the pro-
inflammatory response in the blood may help prevent the translocation of S. aureus to the blood.

Key words: Neonatal Sepsis, Endothelial Cells, Reactive Oxygen Species (ROS), miRNA-23b.

Résumé

Introduction : La septicémie néonatale représente un probléeme majeur de santé publique ou elle est la troisieme cause de déces
chez les nouveau-nés. Septicémie néonatale caractérisée par une incompréhension que ce soit au niveau moléculaire ou cellulaire.
Ici, dans notre étude, nous avons étudié le réle du miARN-23b dans la septicémie néonatale, et nous avons étudié l'effet des
especes réactives de I'oxygene dans l'activité des cellules endothéliales dans la septicémie néonatale.

Matériel et Méthodes : Notre étude comporte deux parties principales. Une étude prospective basée sur Cingquante-quatre
nouveau-nés suspectés de septicémie. Par RT-qPCR, nous avons quantifié le niveau de miRNA-23b en hémoculture. Via un
modele ex-vivo, nous avons utilisé le cordon ombilical, qui est divisé en quatre groupes. Ou L'exposition au stress oxydatif causé
par le CuSO, et la septicémie par Staphylococcus aureus. Apres 1 heure d'incubation, nous avons isolé les cellules endothéliales et
les avons étudiées.

Résultats : notre étude montrant la relation entre la septicémie et le miRNA-23b, ou nous avons montré que les niveaux de
miRNA-23b augmentaient chez les nouveau-nés prématurés et a terme dans le cas de septicémie précoce (p < 0,001 et p < 0,005
respectivement), mais a diminué en cas de septicémie tardif (p < 0,005). Et a prouvé la corrélation négative entre les nouveau-nés
décédés par septicémie et le niveau de miRNA-23b. Dans le modele ex-vivo, nous avons montré que les cellules endothéliales se
comportaient différemment contre les bactéries dans les quatre conditions. Avec betaméthasone et sans CuSQ,, nous avons noté la
translocation de bactéries au sang avec une diminution du taux de miR-23b. L'injection de CuSO, dans le sang induit une
modification de I’activité des EC et neutralise le taux de miR-23b, contribue a la défense contre le Translocation de bactéries au
sang.

Conclusions : La diminution des niveaux de miARN-23b serait sans aucun doute un facteur important favorisant le
développement de la septicémie néonatale. En plus du réle protecteur du stress oxydatif induit par le cuivre, les cellules
endothéliales activées favorisant la réponse proinflammatoire dans le sang peuvent aider a prévenir la translocation de S. aureus
au sang.

Mots clés : Septicémie Néonatale, Cellules Endothéliales, Especes Réactives de I'Oxygéne (ROS), miRNA-23b.
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