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Ta povonatia e€aAswdng Tou oTPENTOKOKKOU Brita (GBS) o€ evijAka
KOl VEOYVIKA pakpadaya Kat o poAog tng kwvaong Aktl

Hepidnym

O Streptococcus Agalactiae, yvwoTtog Kal wG OTPENMTOKOKKOG Brita (GBS) eival éva onuavtiko
naboyovo He HeEYAAO €UPOC EEVIOTWY, OCUUMEPIAAUPAVOUEVWY KAl TwWV OovOpwIwv.
Oewpeital éva onpavtiko avBpwrivo maboyovo mou PoKaAEL TTOAAEG ETUTAOKEG OTNV UYEla
OTOUWVY TIOU aVvnKouv o€ opadeg uPnAol KIvEUVoU OTMWC Ol AVOCOKATECTAAUEVOL 0LODEVELG,
ol €yKUMOvVOUOeC yuvaikeg kol Ta veoyvd. H oofapdtnta Twv HOAUVOEWV TOU
OTPEMTOKOKKOU Bnta eival dlaitepa auénuévn ota veoyva, ota omoia to maboyovo autd
Bewpeitatl n kVpla attia mveupoviag, onPnc Kat pnviyyitidag, mou yapaktnpilovral amnod
vPnAd moocootd voonpotntog kat Bvnopotntog. Qotdoo, dev €xouv avamntuxBeil KatdAAnAa
EUBOALO evaAvTLA OAWV TWV OPOTUTIWY TOU TTaBoyovou Kal YL aUuTO To AOYO0 N €peuva yla Thv
£UPECN VEWV HOPLWV-OTOXWV HE TIPOOTATEUTIKEG LOLOTNTEG £vavtl autol KplveTtal TAsov
ETUTOKTLKI AVAYKN.

To veoyva XpnoLUomolouy og £va PHeydho BaBud toug pnXaviopoug apuvag Tng €udutng
avooiag kal kata kUplo Adyo Bagcilovtal otn Spdcn Twv pakpoddywv, Sedopévou OTL TO
cloTnUa emiktntng avootag sival akopa avwpluo. Ta pokpoddya sival efdeikevpéva
dayokuTTapa mou yapaktnpilovral and cuVOeTn TPpo£Aeuon Kal peydAn mowkilopopdia. Me
™ BonBela eldIKWV UTIOSOXEWV UmopoUV va. avayvwpilouv Kot va GpayoKuTTapwVoUV TOUC
e€wTepIKNG TpoéAeuong KwdUvoug. Bdoesl NG evepyomoinong toug Ta pakpoddya
KOTATAOOOVTOL 0TA KAQOWKA evepyorolnpéva M1 kat to evaAAAKTIKA evepyomotnuéva M2
kUttapa. Ta M1 pakpodaya €xouv éva mpodAeypovwdn ¢avotumo Kal xopoktnpilovrot
oand auénuévn mopaywyn npodAeypuovwdwy KUTOKIVWY, cuvBacong vitpltkou oggog (iNOS) kat
evepywv edwv ofuyovou (ROS), svw ta M2 kUttapa €xouv €vav avilpAeypovwon
dawotumno. Baolkd popla otnv evepyomoinon auth twv poakpoddywv eivat ot Akt Kwvaoeg.
Elvat yvwoto ot n éAewdn ékdpaong tng Aktlkivaong dnuioupyel évav M1 pawvotumo evw
n éMewpn tng Akt2 kwvdong evepyomolel evOANAKTIKA To pakpodaya mpog évo M2
dawotuno. Mapouocia eukalplakwy maboyovwy, Ta pakpoddya amoktolv éva M1
dawotumo kot xapaktnpilovial and avénuévn Suvatotnta Kataotpodng UiKpoBiwv mou
o6nyel oTNV MLO ATOTEAECLLATIKI KATOTTOAELLOT) TOUG.

‘Eva. onUAVTIKO LOVOTIATL TTOU CUUUETACXEL OTN Katootpodr maboydovwy ULKPOPYAVICUWV
glvat autd ¢ autodayiag. H OSwadwoaocia auty meplhappavel T Snuoupyia
outodayoowpdtwy, opyavidiwy mou meptkAUovtol and SutAn pepppavn, Ta onoia odnyolv
to PBAaPepo doptio ota Aucocwpata, Pog amolkodounon. Qotdco, KaTd Tn TeAsutaia
Sekaetia, éva evaAAaKTIKO MOVOTIATL, YWwotd wg LC3 Associated Phagocytosis (LAP), €xel
ovadelyBéL we AUESA KLVNTOTIOLOUUEVOC UNXAVIOUOC KATA Twv maboyovwy. AvtiBeta amd tn
kKAaowkr autodayia, n LAP amokpion eivat taxUtepn kat uPnAd €fapTwuevn amo Tn
napoucia ROS.

Mapd tn exktetapévn PiPAloypadia OXETIKA HE TN KATATIOAEULON TOOOYOVWY HECW TNG
kKAaolkng avtodayiag r g LAP, dev undpyouv StaBéoipeg mAnpodopieg yla ta povomatio
TIOU  aflomololvTol Yl TN KATOUTOAEMLON TOU  ITPETTOKOKKOU BAta kot  tnv



QTTOTEAECUATIKOTNTA TOUC KOTO T VEOYVIKA OTASLO. € aUTr TN UEAETN TpooTaOnoape va
SLEPEUVINCOULE TO LOVOTIATLO TIOU a€LOTIOLOUVTAL OO T EVNALKAL KL VEOYVIKA HaKpodaya
KUTTOPA Yla TN KOTAMOAEULON TOU YTPEMTOKOKKOU Brta, mapouocia kal amouocia tng Aktl
KWVAONG. JUYKEKPLUEVA OEAaUe va OSLEUKPLVNOOUUE TWE TO VEOYVIKA HoKkpodaya
avtamnokpivovtal oe poAuvoelc and GBS, edv moapouctdlouv SladopEG CUYKPLTIKA UE Ta
evhAlka pakpodadya Kal kotd moco n amouoia tng Aktl Kwwvdong lvol EUEPYETIKN yla TN
KOTamoAéplon tou GBS. Ta &edopéva pog amotehoUv pio oapyilkr €vdelEn otL o GBS
katarmohepdror koAUtepa amd ta Aktl” pokpoddya kat Ot otn Swadikacia auth
gumAékovtal n mapaywyrn ROS kal n avtodayia.



Abstract

Streptococcus Agalactiae, also known as Streptococcus Group Beta (GBS) is an important
pathogen with a wide range of host organisms, including humans. It is considered as a
serious human pathogen that creates several health complications in high-risk groups, like
the immunosuppressed patients, postpartum women and infants. The severity of GBS
infections is extremely increased in infants where GBS is considered as the leading cause of
pneumonia, sepsis and meningitis, characterized by high morbidity and mortality rates.
However, there are no available vaccines to protect from all serotypes of this pathogen and
therefore research of new target molecules with protective effects against GBS infections
are now a necessity.

Neonates heavily exploit the defense mechanisms of innate immune system and especially
macrophage activity, since their adaptive immune system is still immature. Macrophages are
professional phagocytic cells of complex origin and wide diversity. They recognize extrinsic
dangers and perform phagocytosis by utilizing a variety of receptor molecules that
specifically bind pathogenic patterns. Based on their activation state they are distinguished
as classically M1 and alternatively M2 activated cells. M1 cells display a pro-inflammatory
profile, characterized by increased production of pro-inflammatory cytokines, iNOS
(inducible nitric oxide synthase) and reactive oxygen species (ROS), while M2 cells have
mainly anti-inflammatory responses. Key effectors of polarization process are among others
Akt kinases. It is established that Ablation of Aktl kinase polarizes cells towards the classic
activation pathway (M1), while the absence of Akt2 kinase leads to the alternative activation
of macrophages (M2). However in the presence of opportunistic pathogens, macrophages
acquire an M1 identity and exhibit increased bactericidal capacity that leads to the efficient
elimination of pathogens.

An important pathway that contributes to pathogenic organism elimination is autophagy.
This process leads to the formation of double membrane organelles named
autophagosomes that sequestrate harmful cargo to the lysosomes for degradation.
However, during the last decade, an alternative phagocytic pathway, LC3 Associated
Phagocytosis (LAP), has arisen as an immediate mechanism against pathogen infections.
Unlike canonical autophagy this pathway is more rapid, highly dependent on ROS and leads
to the formation of single membrane vesicles.

Although there is extended bibliography on pathogens targeted by either canonical
autophagy or LAP, there are no available data on the mechanisms utilized to fight GBS
infections and their efficacy in a neonatal cell stage. In the current study we tried to shed
light on the specific pathways utilized by adult macrophages in the presence and in the
absence of Aktl kinase. We also sought to address how neonatal macrophages respond to
GBS infection, if they display differences compared to adult cells and whether the depletion
of Aktl kinase is beneficial in terms of eliminating GBS bacteria and preventing the severe
consequences that GBS infection cause. Our data are a first indication that GBS is more
efficiently eliminated by Akt1” macrophages, probably in a ROS dependent manner and this
process is related to autophagy.



Master thesis

Introduction

1.1 Streptococcus agalactiae epidemiology & worldwide distribution
Streptococcus agalactiae, also known as Group Beta

Streptococcus (GBS), is a gram positive, anaerobic, beta

hemolytic bacterium that has the capacity to infect and 2
parasitize on several cells and form characteristic chains of
progeny bacteria (Figure 1). Its hemolytic activity enables
GBS to cause the lysis of infected cells and release bacteria,
that way perpetuating infection. It is a pathogen o

paramount importance mainly due to the wide range of
host organisms that it successfully infects and the serious
complications complications that it causes. Figure 1: Morphology of

Streptococcus Agalactiae

From amphibians and fish to cattle and humans, GBS has evolved in a way that manages to
successfully submerge immune defenses and infect those organisms, causing numerous
problems with severe health and socioeconomic consequences.[1] It is known that
Streptococcal infections in fish species result in streptococcosis, septicemia and
meningoencephalitis, whereas in bovines they are the leading cause of mastitis[2]. Although
the transmission of this pathogen from one species to another via food consumption is a
matter of great controversy, an increasing number of studies show that interspecies strains
bare great genomic similarities.[3] Thus, Streptococcus agalactiae raises serious concerns for

food industry as well as public health.[4]

Despite calves and fish, GBS is also a well known human pathogen that asymptomatically
colonizes human body, but has the potential to cause severe infections with dreadful
outcome. Based on pathogen’s immune reactivity, scientists have managed to identify 10
distinguish GBS serotypes (la-IX) that are infectious for humans and differ in terms of
virulence, infectivity and geographical distribution.[5] For instance, serotypes la, Il, 1ll & V
are the ones identified in almost 80% of cases of adult infections while Ill, la & V are the
most commonly identified among pregnant women, with frequencies of 25%, 23% and 19%
respectively.[6, 7]

Serotype variation among different regions and populations, results in a subsequent
variation in GBS disease incidence and colonization prevalence. According to recent studies,
GBS colonization in non-pregnant adult individuals predominately depends on ethnicity and
age, since disease rates are significantly higher in African dissented populations compared to
Caucasians and tend to increase in older groups (265 y.o.). [8, 9] The likelihood of such
diseases is also significantly elevated in immunocompromised individuals and people with
serious underlying conditions that are in fact considered as high risk groups for developing
life-threatening syndromes upon GBS infection. Other factors like sexual behavior,
education and socioeconomic background also play a role upon disease rates, especially in
pregnant population.[10] As far as pregnant are concerned, the incidence of asymptomatic
colonization ranges from 6,5% to 43,6% and is particularly higher in African regions (22,4%),



like Jimma, Ethiopia where GBS colonization in women is 29,2%.[11] In Europe and America
have a mean prevalence of 19-20% while in Asian countries the respective percentage is
relatively low at 11,1%.[12, 13]

1.2 GBS transmission & related complications in adults and neonates

GBS is vertically transmitted from colonized mothers to fetuses and newborns during
pregnancy and delivery, although in the majority of late onset diseases it is laterally
transmitted from the surrounding environment. More specifically, GBS has the capacity to
surpass placental membranes and spread through the amniotic cavity, infecting the fetus
usually causing its premature death. However, in the majority of cases, bacteria transmitted
from vaginal epithelium to the neonatal respiratory tract during delivery through the birth
canal. Transmission depends heavily on maternal bacterial load and results in increased
neonatal load which in turn affects disease progression and outcome.

As a part of human microflora, GBS is usually found colonizing the gastrointestinal, urinary
and genital tract of individuals. In many cases, GBS infections are asymptomatic and do not
bare any particular dangers for healthy adults. However, it can cause a wide spectrum of life-
threatening diseases in pregnant, post-partum women, infants as well as other high risk
groups, like immunocompromised individuals, the elderly and people suffering from other
health complications. GBS born diseases vary from skin and urinary tract infections to
bacteremia that gradually evolves to septic arthritis, pneumonia, endocarditis and
meningitis. [14]In pregnant women, GBS infections can lead to severe endometritis, preterm
birth or even stillbirths. [15]However, the group with the higher susceptibility and most
severe symptoms upon GBS infection is infants.[15]

During the last 50 years, GBS has emerged as an important neonatal pathogen in Western
world societies, characterized by high incidence of infection and increased morbidity and
mortality rates. Depending on the time of infection, GBS can either cause early onset (EO) or
late onset (LO) diseases. The former manifests during the first six days postpartum, accounts
for 60% of GBS born diseases and is mainly preventable via use of antibiotics, while the later
refers to diseases that occur during 7-90 days of infancy, is rare (0,34 per 1000 live births)
and has no available means of prevention.[16] Successful prevention strategies have led to a
remarkable decline in the incidence of EOGBSa, while LOGBS incidence has remained rather
static. Both early and late onset GBS diseases can potentially lead to bacterial meningitis,
pneumonia and sepsis. Neonatal meningitis has a 0.1-0.4 per 1000 births incidence and is
mostly lethal although it can result in deafness and impairment of neurological,
psychological and cognitive function in approximately 35% of survivors. [17]

The most known prevention strategies so far are screening of pregnant women and
administration of intra-partum antibiotic prophylaxis. During the last decade, there have
been made a lot of efforts for vaccine development against GBS and some of them have
been successfully revaluated for phase Il trials.[18] However, there are no available vaccines
able to prevent GBS infections caused by all different serotypes. [19] [20]Taken together, the
high mortality rates of Beta Streptococcal infections along with disease severity and the
various subsequent socioeconomic consequences, highlight the importance of effective
vaccine development against GBS.



1.3 Immune responses against GBS infections

1.3.1 GBS infection and host responses

Upon GBS infection, various inflammatory responses are triggered that result in the
activation of innate and adaptive immune system. Innate immunity is the first line of
defense mechanisms employed to protect host cells from opportunistic microorganisms
such as bacteria, parasites, viruses and fungi and retain normal cell function and
homeostasis when the later are challenged. Innate immune responses shape the successive
adaptive immune responses that help to pathogen elimination process, homeostasis
maintenance and also offer immune memory against the specific invading microorganism.

The GBS elimination process normally starts with the recognition of the pathogen from
specific receptors in the surface of phagocytic cells. GBS is uptaken from these cells and
several proinflammatory responses are triggered. This leads to the production of
corresponding cytokines and several Reactive Oxygen/Nitrogen Species (ROS/RNS) that
further facilitate this process. The degradation of GBS is followed by antigen presentation of
pathogen components to several cells, leading to immune memory development against this
pathogen.[21] Following the innate immune responses, Adaptive immunity is activated.
More specifically, dendritic cells present GBS antigens to naive T helpers and beta cells. T
helpers proliferate and acquire a Th1 phenotype with acute bactericidal properties that help
macrophage’s and cytotoxic T cells” function, while beta lymphocytes proliferate and
produce specific 1gGs against GBS so that the host will resolve future GBS infections more
efficiently.[22]

1.3.2 Neonatal immune responses to GBS

A typical GBS infection in neonates begins with the aspiration of the pathogen from the
newborns and the subsequent transfer of the former through the respiratory tract. When
GBS reaches the lower part of the airways, it manages to successfully surpass the enriched in
anti-microbial factors mucus barrier and penetrate the epithelial cells. From there bacteria
move toward the other layers of neonatal lungs and finally gain access to the blood stream.
Through the bloodstream, bacteria have a widespread distribution in multiple neonatal
organs causing organ failure, severe bacteremia and sepsis. When neonates suffer from
prolonged bacteremia, bacteria manage to penetrate the blood—brain barrier (BBB) and
infect neonatal brain eventually causing meningitis. [23]

Immune cells are the professional cells marshaled to kill extrinsic dangers. It is known that
neonatal immune defenses are different compared to adult organism responses. Neonates
have particularly underdeveloped innate and adaptive immune mechanisms. [24, 25]

As far as the former are concerned, neonates are characterized by an all in all reduced
number of monocytes and alveolar macrophages that may account for their higher
susceptibility to airway infections. Despite the reduced number of cells, neonates have
impairments in TLR signaling, antigen presentation, chemotaxis and cytokine production. A
characteristic example is that of IL12 and IFN-y production that is particularly reduced in
infants and contributes to their susceptibility to opportunistic infection. [26]
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However, the landscape is even more different when it comes to adaptive immune system.
When in utero, the exposures of fetuses to specific antigens are limited, as maternal
antibodies protect them from external opportunistic pathogens. Consequently, the adaptive
immune responses are limited and the system remains in a naive state that does not allow
for immune memory development. Neonatal organisms are also characterized by
lymphopenia, since the number of lymphocytes is very limited. T helper cells mainly
differentiate towards a Th2 route that induces tolerance to the pathogen and not efficient
elimination, while Thl and Th17 populations that exceed bactericidal activity are very
limited. Moreover, dendritic cells do not have the ability to efficiently present the antigens
to activate other cells and the total pro-inflammatory production is diminished. As far as
beta cells are concerned, they suffer from poor signaling and delayed production of
immature I1gG. [24]

These deficiencies and immaturity of the adaptive immune system highlight the fact that
neonates are highly dependent on their innate immune mechanisms for their protection
from invading micro-organisms like GBS.

1.4 GBS infection & Innate Immunity: The role of macrophages

Important components of innate immune system are professional phagocytic cells, such as
neutrophils and macrophages. Macrophages are cells that undergo many transcriptional,
translational and metabolic adaptations in order to co-ordinate of the acute phase of
inflammation and control its resolution. Though a complex cocktail of inflammatory factors
that they release, they manage to abolish intrinsic and extrinsic threats and also restore the
desired equilibrium.[21, 27]

It becomes clear that such cells that play a central role in wide range of functions are
particularly important for neonates, since they comprise their most potent defense line
against opportunistic pathogens. Neonatal adaptive immune system is quite immature and
not sufficiently developed to assist host defense needs. Since adaptive immunity cannot be
exploited upon infection, innate immune cells are utilized in cases where host homeostasis is
perturbed and challenged by infectious pathogens like GBS. [27]Though GBS has the ability
to manipulate innate immune responses and consequent inflammatory responses
depending on the magnitude of infection, the final outcome is determined from the
interaction between pathogen and immune cells.[28]

1.4.1 Heterogeneity within macrophages

A fundamental component of innate immune system is macrophage cells. This group of cells
derives from hematopoietic cell lineages that reside in the bone marrow, is characterized by
great heterogeneity, versatility and a wide spectrum of functions. Nowadays it is known that
the three sources from where all macrophages arise are the yolk sac, fetal liver and the bone
marrow.[29] In general, macrophages are categorized into tissue resident and circulating
macrophages. The former are continuously produced by BM, released in bloodstream and
infiltrate tissues, where they differentiate in order to replenish reservoirs, to fight and
resolve inflammation. The latter reside into tissues, are able to self-renew and have a pivotal
role in tissue morphology, defense and homeostasis and function maintenance. [30, 31]
Despite their ontogenic complexity, Tissue distribution of macrophages also determines a
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great part of their functions. For instance, brain and liver macrophages, also known as
microglia and Kupffer cells alike, share some similarities but also have distinct characteristics
so as to meet the needs of the corresponding organs.[32] However, functional diversity can
also be found in macrophages that reside in the same tissue. Depending on
microenvironment signals, tissue homeostatic state and downstream target cells, different
macrophage subgroups arise within the same tissue.[29, 31]

1.4.2 M1 and M2 polarization of macrophages

Based on the activation state and response phenotype macrophages are classified into 2
distinct groups, the classically activated (M1) and the alternatively activated (M2)
macrophages. M1 phenotype embraces signaling pathways that result in the induction of
proinflammatory responses and thus it makes cells hyper-responsive to the necessary
stimulation. Such stimuli include lipopolysachharides (LPS), interferon gamma (IFN-y) and
tumour necrosis factor (TNF) and their downstream signalling leads to transcriptional
activation of genes like induced Nitrogen Oxide Synthase (iNOS), production and secretion of
proinflammatory cytokines, such as IL1, IL6, IL12 and TNF and NADPH derived reactive
oxygen and nitrogen species (ROS, RNS). Oxidative stress is important for initiating and
maintaining a proinflammatory state that triggers subsequent responses for inflammation
persistence. Moreover, they are characterized by downregulated production of anti-
inflammatory cytokines like Consequently, M1 cells are related to Thl pathologies, have
microbicidal activity, control the acute phase of infection and have a role of protection
against exogenous opportunistic pathogens. On the contrary, M2 polarization is induced by a
wide variety of signals, such as IL10, IL13, IL4, immune-complexes and glycol-corticoids. [21]
M2 cells bare immunomodulatory functions useful for inflammation resolution, but are
often related to diseases like cancer, diabetes and arthritis where the above mentioned
stimuli are abundant. [33, 34] Nevertheless, macrophage polarization is not a static but a
rather dynamic and rapid process. Its plasticity is particularly orchestrated by epigenetic
modifications and multiple signaling cascades, enables cells to adjust to host demands and
creates a spectrum of phenotypes with distinguish functions, but also some overlapping
characteristics.[35-37]

1.5 The PI3K-Akt kinase axis

1.5.1 PI-3K-Akt/PKB pathway and the role of Akt kinases in macrophage
activation

A highly conserved, finely tuned and crucial in terms of macrophage activation pathway is
phosphatidylinositol (PI-3K)-Akt/PKB pathway. Indeed, it has a vital role in cellular
homeostasis since it participates in many different processes including, cell growth,
proliferation, differentiation, metabolism, energy balance, survival and cell cycle
progression.[38, 39]Due to its multifactorial contribution to cell function and maintenance,
slight deregulations of its components can have detrimental consequences.[38] In fact, a
vast majority of cancer types have a deregulated function of PI3K/Akt/mTORC1 pathways
and have developed a type of “addiction” to it.

There are three classes of PI3K kinases, Class I, Class Il and Class lll that comprise of four,
three and one member alike. It is important to mention that Class | kinases mostly localize
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near the cellular membrane and interact with receptors mediating their signal transduction,
while Class Il kinase Vsp34 has specific intracellular location that allows it to participate
immediately the autophagy pathway regulation as we are going to analyze on the following
sections. Less information is available for PI3K Il kinases, their role and the pathways that
they participate in.[40, 41]

In general, PI3K is a heterodimeric kinase that consists of a catalytic and a regulatory
subunit. It usually that interacts with proteins bound to certain transmembrane receptors.
Upon stimulation of those receptors, PI3K becomes phosphorylated and is therefore
activated. Thereafter, it catalyses the phosphorylation of lipids of the cellular membrane
(PIP,), producing second messenger molecules like phosphatidylinositol (3,4,5)-triphosphate
PIP;. These second messenger molecules are of critical importance for many cellular
procedures and especially for canonical and non-canonical autophagic pathways as we are
going to see in the following sections.[41, 42]Following that Akt becomes accumulated in
membrane sites where PIP3 is lavish and interacts with it. Their interaction leads to their
phosphorylation by PDK1. A second phosphorylation of Akt, mediated by a variety of other
molecules leads to its complete activation. Activated Akt regulates many downstream
molecules and distinct functions that contribute to the maintenance of cellular homeostasis.
Termination of Akt activity is achieved via PTEN, which dephosphorylates PI3P and
subsequently Akt activation. [42] The central role of this pathway in numerous cellular
functions makes it of fundamental importance. The following picture summarizes the
primordial role of this pathway in regulating countless subsequent pathways and adjusting
cellular responses:
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Figure 2: The central role of PI3K and Akt axis in cellular responses. (Hemmings et al, 2012)
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1.5.2 Akt kinases in macrophage polarization

Akt kinases have a crucial role in PI3K/AKT/mTOR pathway. PKB/Akt protein family embraces
three distinct serine/threonine kinase members: Aktl, Akt2 & Akt3. These 3 isoforms have
an 80% identical aminoacid sequence. Their protein structure includes 3 domains

According to evidence arising from many studies, Akt kinases are expressed predominantly
in a variety of innate immune cells like macrophages and neutrophils, since they have a
critical role upon function, development and response adaptation. The most abundant forms
of these kinases though are Aktl and Akt2. In the cytoplasm, the most abundant isoform is
Aktl Independently of its kinase activity, aktl has the ability to interfere with and
successfully block NFkB signaling

Akt kinases are thought to be of paramount importance for macrophage M1/M2
polarization. Aktl and Akt2 kinases have polar opposite role upon this phenomenon.
Similarly to PI3K inhibition, abolishment of Aktl gives rise to an M1 polarization of
macrophages. Consequently, such cells tend to produce enhanced amounts of
proinflammatory cytokines, reactive Oxygen and Nitrogen species (ROS, RNS) as well as
having reinforced bactericidal capacity. Their anti-bacterial properties are confirmed by the
hyper-responsiveness of Aktl-/- macrophages to lipopolysachharide (LPS) stimuli and the
endotoxin tolerance that they present.[43] Aktl deficient cells have a characteristically high
expression of M1 signatures.

On the contrary, Akt2 deficiency creates an M2 like phenotype in macrophages. When
stimulated with LPS, Akt2 deficient macrophages develop a hypo-responsiveness.[43] They
have an increased expression of the classical M2 markers like IL10 and Arginase-1. IL10 is a
critical cytokine especially for neonatal responses as it diminishes bactericidal capacity of
cells and in that way it disarms innate immune system responses to extrinsic pathogens

PI3K pathway has major importance for macrophage function since it is implied in
chemotaxis and pseudopod formation and therefore has an impact in phagocytosis. It is also
implemented in TLR signaling as it mediates signal transduction but also leads to the
formation of feedback loops that either upregulate or downregulate the initial signaling. It
has a positive impact on mTORC1 signaling regulation

1.6 TLR signaling

1.6.1 The pathway of pathogen recognition: An insight into TLR signaling
Macrophages perform many different roles being professional sentinels, phagocytic and
antigen-presenting cells. Their remarkable sensing ability can be attributed to a wide range
of receptors that localize either on their surface or on the inside. These receptors are called
Pattern Recognition Receptors (PRRs) and they mediate the recognition of conserved
protein or nucleic acid Pathogen Associated Molecular Patterns (PAMPs) located on the
surface of invading microorganisms. Except of professional phagocytes, like macrophages
and dendritic cells, PRRs are also found in a variety of non-immune cells, in which they
activate[44]
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The most known and extensively described PRRs that initiate pathogen recognition and
antimicrobial response signaling are Toll-like Receptors (TLRs). In both humans and mice, 13

members of TLR receptors have been described.
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Figure 3: The TLR signaling pathway
(Hamerman et al, 2017)

activate downstream pathways, like the MAPK and IKK pathway, promoting the nuclear
localization of molecules, such as Nuclear factor kB (NFkB) and AP1 that have transcription
factor activities.[46] This translocation assists the increased transcription of genes that
encode for pro-inflammatory cytokines (TNF, IL6, IL12) and type | Interferons (IFNa).[47]
These factors are then released in the surrounding environment and further occlude
pathogen proliferation.
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elimination. On that note, it has also been linked to increased glycolysis that upregulates the

production of proinflammatory cytokines. TLR signaling is also a stress signal for cells and

for the host organism for pathogen detection and

leads to mitochondria increased ROS production.[46]

1.6.2 TLR signaling pathways in GBS infection

In case of Streptococcal infection, specific PAMPs are predominantly recognized via TLR6
and TLR2 receptors. TLR2 is indeed an extremely important molecule for GBS recognition
and subsequent elimination. Studies in septic patients have shown that GBS infection
initiates TLR2 signaling, activating PI3K pathway and resulting in increased secretion of
adhesion molecules like CD62P, causing that way aggregation of platelets, a common
manifestation of sepsis. [48]

The predominant virulent factors o GBS that initiate TLR2 signaling are Bacterial lipoproteins
BLPs. BLPs are produced after the proteolytic cleavage and modification of their precursor
molecules, pre-lipoproteins, by Lgt and Lsp bacterial enzymes. Studies in Igt and Isp mutant
GBS strains have shown that this processing is a prerequisite to TLR2 signaling.[49] In the
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case of human monocytes, TLR8 also participate in GBS recognition by binding its ssRNA.
This molecule is released intracellularly after the endosomal processing of bacteria and
serves in triggering potent inflammatory responses in mouse as well as in human
macrophages, like TNF, IL6, IL12, Type | IFN and IL10 production.[50-52]

1.6.3 Akt1 kinase and TLR signaling

It is known that Aktl kinase has a preeminent role in TLR signaling regulation. Previous
studies have indicated that PI-3K-Akt axis is activated upon TLR4 signals, like LPS and that
they create a negative feedback loop that impedes TLR4 activation upon either initial or
further stimulation of the latter. [53] This is achieved via the regulation of many miRNAs that
participate in this signaling cascade. A known miRNA is miRNA-155 that acts negatively upon
Aktl kinase.

1.7 The different pathways for pathogen elimination: Autophagy and LC3
Associated Phagocytosis

1.7.1 Autophagy in cellular homeostasis & balance: A small introduction

Autophagy is a pathway with many different critical functions tightly related to cellular
homeostasis, metabolism, proliferation, nutrient uptake but also cellular defense.
Etymologically, the word autophagy comes from the Greek term “autodayia” that describes
self-devouring. This term describes a catabolic, quality and quantity control process, which
begins with the engulfment of cytoplasmic constituents, organelles, proteins and/or foreign
bodies, generally termed as cargo, and results in their degradation and release of protein
and nucleic acid building blocks. The degradated materials are then recycled and re-used for
synthesis of other cellular components. As a self maintenance pathway, autophagy takes
place under basal conditions, in the absence of specific stimulus, although it is commonly
triggered and up-regulated under conditions that create a state of stress to the cells. Such
conditions are nutrient deprivation, pathogen infection, hypoxia and exercise.[54-56]
Depending on the cargo and the purpose of this process, autophagy can be discriminated in
different sub-pathways, like macro-autophagy, micro-autophagy, xenophagy, mitophagy,
chaperone mediated autophagy etc.[57]

Many studies have provided evidence that autophagy plays a fundamental role in multiple
cellular functions that regulate cell homeostasis, metabolism, ageing apoptosis and
proliferation. This makes it is a highly conserved pathway encountered in many different
organisms, from yeasts to humans. Disruptions of autophagic pathway normal function are
closely related to many diseases like aggregopathies, neurodegenerative diseases,
cardiovascular pathologies and even cancer progression. [58-60]

1.7.2 The autophagy pathway & its constituents

Generally, the autophagic pathway starts with phagocytosis of the cargo that is targeted
towards degradation. This phagocytosis is commonly mediated by specific surface receptors
that recognize cargo and cause actin polymerization and cytoskeletal rearrangements for
cargo engulfment. However, canonical autophagy occurs also independently of specific
receptor signaling. [46]
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A vast majority of proteins participate in the process of autophagy. An indispensable
component of the autophagy machinery is the Atg family of autophagy related proteins. This
family consists of many members each of which has a special role upon this pathway and
therefore are evolutionarily conserved in many different species. In yeast models, 41
different Atg proteins with distinct roles have been identified. [61] Their importance for
cellular but also organism homeostasis is underlined by the fact that Knock Outs of most Atg
genes prove to be lethal. [61] Some of the most important Atg members are Atg6/Beclin-1,
Atgl/Ulkl and Atg8/LC3 that regulate the sequestration of intracellular contents into
double-membrane autophagosomal vacuoles. [62]

Autophagy initiation demands the activation of a pre-initiation complex. This complex
comprises of the factors ULK1/2, ATG13 & FIP200, it is important for phagophore nucleation
and its role is to activate a downstream complex that bares PI3K Class Il activity. This
complex consists of VSP34 Beclin 1 and UVRAG or Atgl13.[63, 64] The latter is a prerequisite
for canonical autophagy but not for LAP as we are going to see in the following sections.
Though this PI3K complex, the generation of PIP3 is assisted. The newly formed phagophore
becomes gradually decorated with PI3P. This molecule serves as a signal for the activation of
proteins with ubiquitin like activities, ATG5-12-16L and LC3-PE complexes, which help the
stabilization and targeting of the elongating vesicle alike.[62] [65] The lipidated form of LC3
protein, known as LC3-PE or LC3Il is crucial for this pathway as it sequestrates
autophagosome towards fusion with the lysosome. The cytosolic form of LC3, named pro-
LC3 is uptaken by atg4 and converted into LC3Il. Then LC3I is immediately decorated with PE
and forms LC3II that participates in autophagy. Ultimately, the autophagosome fuses with
lysosome, forming the auto-lysosome.[63] This compartment is equipped with many
hydrolytic molecules that degrade materials and release basic molecules like aminoacids and
nucleotides. These materials are recycled and reused for the formation of other cellular
structures. [63]

1.7.3 Autophagy as a mechanism of protection against pathogens: Xenophagy
Autophagy plays a really important role for immune system. It is a constituent component of
immune-cell differentiation. There is a close relationship between autophagy and
metabolism since they both share many common energy/nutrient sensing pathways.
Therefore, autophagy dictates the metabolic reprogramming of immune cells that further
controls their responses to certain stimuli. [66] An increasing amount of evidence are in
support of the primordial role that autophagy has upon immunity. Today it is known that
autophagic machinery is implied in 4 principle immune functions; pathogen elimination,
inflammation control, immune modulator secretion and antigen presentation. These 4
functions are characteristic for macrophage cell activity. [67]

The autophagic pathway that is utilized upon opportunistic pathogen infections and assists
their elimination is commonly described by the term Xenophagy. Xenophagy is regularly
engaged by immune cells to isolate cytosolic replicating opportunistic pathogens in
autophagosome lumens and deliver their genetic material to intracellular TLRs for
recognition. This system demands the ubiquitination of pathogens for their upcoming
engulfment and degradation.[63] Autophagic pathogen clearance requires ubiquitination of
cargo for its subsequent clearance initiation.[65] The ubiquitination of foreign deleterious
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micro-organisms is a specific signal that attracts autophagy initiation complex near the
pathogenic cargo and sequestrates the upcoming pathogen elimination mediated by the
lysosome.

1.7.4 Non-conventional autophagy and the paradigm of LC3 Associated
Phagocytosis (LAP) pathway: An overview

Accept of classical autophagy, there is also a novel, distinct non-canonical autophagic
pathway that is predominantly utilized for pathogen and apoptotic cell elimination and
subsequent degradation. This pathway, known as LC3 Associated Phagocytosis (LAP), is a
hybrid of phagocytosis and autophagy whose underlying mechanisms were first described
almost a decade ago. As implied by its name, a critical component of this pathway is the
microtubule-associated protein 1A/1B-light chain 3 (LC3) to phagosome membranes that
serves the rapid clearance of dispensable material of self or foreign origin. This mechanism
has a critical contribution to host defenses against a great variety of different pathogens.[68]
Aside from its protective role against foreign microorganisms and it is also a major anti-
inflammatory pathway the dysfunction of which has been related to auto-immune
pathologies, like rheumatoid arthritis and lupus and other chronic diseases.[69] Hence, its
multifactorial nature makes it elemental for many different organisms since it contributes to
homeostasis maintenance.

Much like canonical autophagy, LAP begins with cargo engagement with specific receptors
and the subsequent internalization of the former. In this case, internalization process is
induced by receptors that also participate in triggering canonical autophagy like TLRs, FcR
TIM, Dectin-1 complement receptors etc.[68] Some stimuli known to initiate signaling that
activates LAP pathway are B-glucan, mannose and lipoproteins and the majority of them act
as signals of exogenous dangers. The engulfed exogenous material is now located in the
cytosol inside phagosomes. The single membrane phagosomal compartments/organelles,
created by cargo engulfment, are then rapidly decorated with PIP3. PI3P generation is
performed by a PI3K Class Il protein complex. Core constituents of this LAP initiation
complex are the proteins VPS15, VPS34 and Beclin-1 (BECN-1), proteins that also participate
in canonical autophagy. The localization of PI3K Class Ill complex is conducted by a protein
named Rubicon.[63]

In the case of LAP pathway, initiation complex includes exclusively UVRAG, but not Atgl4.
[64]JUVRAG containing PI3K complexes interact with Rubicon, to assist PIP3 generation and
vacuole decoration. Rubicon is a protein that acts as inhibitor of canonical autophagy while
it plays primordial role in LAP pathway. Multiple studies have indicated that Rubicon is a
specific and essential component of LAP, since it facilitates and optimizes its progression via
ROS production. This is performed via its interaction with the p22phox subunit of Nox2
protein, the major nicotinamide adenine dinucleotide phosphate (NADPH) oxidase-2 of
phagosomes. This interaction results in the translocation of the latter to the phagosomal
membranes.[70] Along with p22phox, other proteins, such as p47phox, p67phox and Rac are
also recruited to the phagosomal membranes. This shift is accompanied by an elevated
production of Reactive Oxygen species (ROS) in the lumen of phagosome. [57]
[70]Consequently, the cytoplasmic form of LC3, named pro-LC3, undergoes certain
modifications to form LC3-I. This process is performed by Atg4d. Simultaneously, autophagic
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complexes Atg7/Atg3 and Atg12/Atg5/Atgl6 drive the lipidation of LC3-1 with the membrane
phosphatidylethanolamine (PE), forming LC3-1l and its localization in phagosome lumen
respectively. [62] Unlike canonical autophagy this process does not require the participation
of FIP200 and ULK1 molecules. [68]The LC3-1l decorated single membrane vacuoles, known
as LAPosomes, are then immediately fused with lysosomal vacuoles that contain a vast
majority of enzyme with hydrolytic activities. The acidic pH of lysosomes allows hydrolytic
enzymes to digest the incorporated materials. At this point cargo is degradated and a second
line of immune responses are activated in order to terminate inflammation and restore
balance. A synopsis of LC3 Associated Phagocytosis in pathogenic organism elimination is
presented in the picture below (fig4):

Cell membrane

Figure 4: The LAP pathway of pathogen elimination (Boyle et al, Rubicon swaps autophagy for LAP.
Nature Cell Biology. 2015)

1.7.5 The importance of LAP for innate immune responses

LC3 associated phagocytosis is a pathway predominantly induced in the presence of “danger
signals”, such as opportunist pathogens, apoptotic/necrotic cells and expendable, harmful
debris.[68] Nevertheless, its defense activity is not restricted to pathogen destruction, but it
also participates in triggering further immune responses via conducting antigen
presentation.[71] More specifically, after degradation of the cargo its fragments are taken
up for further processing and presentation via the major histocompatibility complex Il
(MHCII) while it suppresses presentation via MHCI.[69, 71]

In addition, it is known that LAP is indeed a mediator of immune-tolerant responses.
Experiments conducted in LAP deficient mice (Rubicon'/') have demonstrated that upon
pathogen infection, these animals have an extremely increased production of pro-
inflammatory cytokines, such as IL6 and IL12 and inability to resolve inflammation via
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production of anti-inflammatory cytokines.[57, 72] Though proinflammatory state of cells
serves a more sufficient clearance of endogenous and exogenous dangers, after a certain
point it can prove deleterious for the host. More specifically, many studies report that
excess oxidative stress leads to damage of mitochondria and Endoplasmatic Recticullum (ER)
stress.[73]Therefore, triggering of anti-inflammatory responses for achieving the resolution
of inflammation is needed for restoring balance. This resolution is lost when the LAP
pathway is dysfunctional.[74] When challenged with bacterial infection, these cells lack the
ability to sufficiently clear them.[69] Moreover, LAP deficiency in mice leads to reduce ability
to uptake and destroy apoptotic cells, increased auto-antigen presentation and auto-
antibody production that makes mice prone to auto-immunity. Indeed many mice suffer
from augmented proinflammatory cytokine production, decreased anti-inflammatory
cytokine release and present kidney failure and a lupus-like phenotype. [57, 69, 72] [74]

Despite orchestrating the activation, LAP also shapes the outcome of immune responses.
LAP is thought to have a major contribution to macrophage polarization. More specifically,
LAP is in control of the macrophage metabolism since it participates in multiple metabolic
pathways.[75] In order for macrophage cells to initiate signaling and subsequent responses
to the corresponding stimuli, they demand a certain fluidity of energy that is via certain
pathways. For instance, the pentose phosphate pathway, along with aerobic glycolysis, is the
mechanism utilized by M1 cells for the generation of proinflammatory cytokines and Nitric
Oxide (NO). On the other hand M2 cell responses initiated by signals like IL4 are significantly
more mitochondrial depended. Such responses activate the fatty acid oxidation FAO
pathway, lead to mitochondrial biogenesis, Arginase-1 and IL10 production. In the presence
of the appropriate signal, both metabolic pathways can be induced by LAP. [75]

1.7.6 Canonical and LAP pathway in bacterial infections: Similarities and
differences

During infection, numerous pathogens of bacterial, fungal or even parasitic origin are
controlled and eliminated via the LAP pathway. Though canonical autophagy pathways like
xenophagy are also utilized in the fight against foreign micro-organisms, LAP utilization is
concerned as a more specific way to destroy pathogens and restore balance.

Autophagy and LAP phagocytosis have many similarities, but also a lot of differences. As far
as its initiation is concerned, LAP a rapidly induced pathway that accelerates phagocytosis
process and therefore it is ideal for pathogen elimination. Actually, a lot of results that
derive from studies of the LAP pathway come in support of this notion. For instance, it has
been shown that this pathway is initiated within the first 10 to 15 minutes in murine
macrophages [76] On the contrary, xenophagy demands more time for achieving
degradation of pathogens and significantly more enzymes and protein complexes that .

Unlike canonical autophagy, LAP pathway is not activated under basal conditions but mainly
in the presence of specific stimuli. Its induction is highly depended on the nature of
pathogenic stimulus, since not all the micro-organisms are cleared via LAP. In fact, many
organisms are specifically targeted via xenophagy, others via LAP, while a number of them
are targeted via both pathways. In both pathways, LC3 protein plays a major role in both
pathways as it is the predominant protein that sequestrates the cargo containing vacuoles
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towards fusion with lysosomes. Despite LC3, these two mechanisms of intruding pathogen
eradication share a great number of common counterparts that assist the same role in both
cases.

Their most distinguish characteristic, that helps scientists discriminate the two pathways is
the morphology of vacuoles. Unlike xenophagy, where double membrane organelles are
created, LAP is characterized by the formation of single membrane organelles surrounding
the cargo. The membrane architecture along with the participation of different proteins like
Rubicon and UVRAG for LAP and Atgl4 for xenophagy helps us identify the pathway that is
utilized in each case. Another important fact is that LAP is closely related to oxidative stress.
As mentioned before, the increased presence of ROS is a prerequisite for this pathways
induction and completion. The routes of the two pathways, the common participants and
their differences are depicted in the following picture:
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Figure 5: Differences of Xenophagy an LAP pathway (Sil et al. A ravenous defense: canonical and non-
canonical autophagy in immunity, Current Opinion in Immunology, 2017)

1.8 Pathogen strategies for innate immune evasion

Despite their effectiveness in terms of pathogen clearance and equilibrium reestablishment,
some opportunistic microorganisms have developed specific strategies to circumvent such
immune burdens of the host and are able to evade degradation and escape in the cytosol.
From the initial step of recognition, to the final step of lysosomal degradation, there are
ingenious strategies that pathogens have developed to skew cellular responses.

Several pathogens have the ability to hide from recognition receptors by producing a biofilm
that covers. As far as molecular cellular pathways are concerned, NFkB pathway is one of the
potent targets of several bacteria since its manipulation leads to evasion of bactericidal
immune responses and bacterial survival.[77] Many pathogens manage to drive immune
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responses by repressing M1 activities and turning macrophage cell fate towards an M2
phenotype, characterized by wide production of IL10 and Arginase-1. Via this metabolic
change of macrophage state, the bactericidal activity of macrophages is expunged. Another
means of pathogen survival is the escape to the cytoplasm. Although the cytosolic
environment of phagocytic monocytes like neutrophils and macrophages is not that
hospitable, but rather hostile for invasive micro-organisms, many pathogens hijack the
intracellular defense mechanisms and achieve the establishment of an intracellular niche.
Upon their escape from lysosomes, pathogens have the capacity to multiply and produce
progeny micro-organisms.[65] Furthermore, they exploit phagocytes as Trojan horses for
their dissemination in various tissues through the bloodstream. This “trafficking” of
pathogens contributes to further perpetuation of infection and development of serious,
more complex complications. [78]

A well-studied example of such pathogen is Staphylococcus Aureus. This bacterium creates a
biofilm that masks it and impedes recognition from phagocytic cells. Moreover, it modulates
[79] especially strains that express excess amounts of certain virulence factors, which has
the ability to impede phagocyte autophagic clearance, survive and spread.[80] Multiple
infectious factors are targeted via canonical autophagy and LAP pathways. Such factors
include viral pathogens like HIV and HSV, fungi such as Aspergillus fumigates and Candida
albicans, but also bacteria like Listeria, Leismania and Streptococci to name but a few. [20,
80-86] These pathogens have developed mechanisms and characteristics that allow them to
escape immune defenses and persist and proliferate inside host cells.

1.9 Elimination pathways in GBS infections

However, the mechanisms that trigger LAP targeting of specific pathogens, the means of
pathogen escape from it as well as the LAP-pathogen interplay are not fully elucidated. [87]
It is known that GBS bacteria have specific components like beta hemolysin that allows them
to escape for the lysosomes to the cytosolic compartment.[88]That is not the only way that
GBS circumvents defense mechanisms. It also has the ability to shift macrophage responses
and upregulate anti-inflammatory cytokines that block cells’ bactericidal activity, like IL10. It
can also modulate macrophages to upregulate IL-10, an anti-inflammatory cytokine that
blocks macrophages’ bactericidal capacity. Induction of IL-10 is a key event in neonatal
sepsis as it disarms neonatal immune response.[52, 89]

As far as Streptococcus agalactiae is concerned, the bibliography concerning the pathways
that professional and non-professional cells utilize for its clearance is still limited. A quite
recent study on human brain microvascular endothelial cells (nBMECs), demonstrated that
GBS bacteria have the ability to activate autophagy machinery but they are mainly located
inside single membrane organelles.[90] However, there is no other evidence on the specific
mechanisms utilized upon GBS infections for pathogen elimination and their functionality in
neonatal stages.

1. 10 Aims of the study

Based on preliminary data of our laboratory, we have seen that Aktl deficient macrophages
display a better and more acute response to pathogen infection and have an increased
bactericidal activity against Streptococcus agalactiae (GBS). However, it remains unknown
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which particular mechanisms are utilized in Aktl deficient macrophages that endorse their
responses against infections and whether this phenotype is established in a neonatal stage
of macrophages. Therefore, in the current study we try to:

e Elucidate the elimination pathways of Streptococcus Agalactiae GBS in adult as well
as neonatal murine macrophages.

e Explore the mechanisms and specific components of these pathways

e Address whether Aktl deficiency further activates these mechanisms resulting in a
more effective and accelerated clearance of GBS.

2. Materials and methods

Animals: Male and female mice of C57BL/6 background were used in this study. In detail,
adult and neonate (<10 days of age) C57BL/6 mice and mice that lacked the expression of
Akt1 kinase specifically in macrophage/monocytes cells (LysM-Cre Aktl + mice) were used
for our experiments. Experiments in neonates were performed in 2-3 days-old animals.

Bacterial strains: For the purpose of this study, COH-1, a well-characterized human serotype
Il of Streptococcus Agalactiae (GBS), isolated from cases of human neonatal meningitis was
used. Bacteria were propagated in Todd Hewitt Broth at 37°C to mid-exponential
(0.D.600=0,5-0,7)

Medium Preparation for Group Beta Streptococcus (GBS): GBS was cultured in Todd Hewitt
Broth Medium. For preparation of liquid culture medium, 37g TH Broth and 5g yeast extract
were suspended in 1L of distilled water, while solid culture medium was also supplemented
with 15g agar. Media were slightly heated and stirred to assist dissolving of powders.
Solutions were autoclaved at 121°C for 10-15 minutes and let to cool down to 50°C before
Streptococcus selective supplement, containing 5 ug/mL of Colistin-Sulphate and 0.5 ug/mL
of Oxalinic acid (Streptococcus Selective Supplement, Oxoid) was added under aseptic
conditions (2mL 1:1 ethanol/sterile water added in each vial). After supplementation with
antibiotics, liquid TH Broth was stored at 4°C, while TH Broth that contained agar was plated
in sterile Petri dishes 96mm under the presence of fire. TH Broth containing plates were
stored at 8°C (cold room).

Streaking and liquid culture preparation of GBS: In order to isolate single bacterial colonies
of GBS to further use it for other experimental procedures, a small proportion of bacteria
were removed from glycerol stocks of GBS stored at -80°C and was stroked on a TH Broth
containing Petri dish using a plastic loop. This procedure took place under aseptic conditions
and plates were placed at 37°C for overnight incubation. Next day single colonies of GBS
were formed on the surface of the medium.

In order to propagate bacteria, liquid cultures were set. For that reason, 6-7mL of liquid TH
Broth was poured in 50ml falcons and many single colonies were dissolved in it. Falcons
were tightly sealed and placed on a shaker in a hot room (37°C) for a few hours. After the
appropriate amount of time, cultures were placed on ice to stop bacterial proliferation and a
certain amount of them 1mL was photometered for the estimation of the total number of
bacteria inside each liquid culture. Cultures with an 0.D. raging from 0,5 to 0,7 were used for
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experiments. The verification of experimental inoculums was achieved via colony form unit
(cfu) enumeration.

In vivo intranasal GBS infection model: For experiments that required the intranasal
administration of GBS, neonates were thoroughly cleaned with 70% EtOH and 5ul of normal
saline (NS), containing 20.000 GBS bacteria, were then administered into their nostrils.
Bacteria dose of the inoculums was confirmed via colony form unit (cfu) counting after
appropriate plating on TH plates.

In vivo intra-peritoneal GBS infection model: For experiments that required the
administration of GBS intraperitoneally, neonates were cleaned with 70% EtOH in the
abdominal area he desired amount of cultured GBS bacteria was isolated, spanned down
and re-diluted in the appropriate amount of normal saline (NS). 40ulL of this solution were
injected in each neonate and the exact bacteria dose of it was estimated by plating a
proportion of it and performing counting of viable colonies.

Survival assays: For monitoring neonate mouse survival after intra-peritoneal challenge with
GBS, mice 2-5 days old were intravenously infected with several doses of GBS and observed
for the following 5 days. The tails of dead animals were kept and used for genotyping
purposes, in order to certify neonatal genotype. Mice were challenged with 500.000,
100.000 50.000 75.000 & 85.000 GBS.

In vivo tissue bacterial counting: After the intranasal/peritoneal administration of GBS,
infected neonates were sacrificed 12 h post infection. Blood was collected via terminal
cardiac puncture and stored in eppendorf tubes treated with heparin. Samples of lungs and
brains were also collected aseptically after mice were euthanized. Blood was collected via
terminal cardiac puncture. The left lung lobe was perfused with DPBS to remove excess
blood, collected and homogenized in 500ulL sterile water with a pestle. Neonatal
cerebellums were also isolated, homogenized in 300uL sterile water.

Serial dilutions of each tissue (Blood, Brain and Lungs) were made and plated on THA plates
under aseptic conditions. Plates were then placed in a hot room at 37°C for overnight
incubation. The next day, the bacterial load of each tissue was calculated via cfu
enumeration.

Elicitation of peritoneal macrophages with Thioglycolate: Thioglycolate Broth (Brewer’s
Thioglycolate Medium Lot Number:) was diluted in normal saline 4%w/v and heated for 1-2
minutes to facilitate dissolving. The solution was then autoclaved, aliquoted and stored at
4°C in dark place (light-sensitive solution) for at least 1-2 months before use.

Adult and neonatal mice were immobilized and cleaned with 70% EtOH in the abdominal
area to prevent any infections. Then certain amount of thioglycolate solution (1,5mL for
adults and 300ul for neonates) was injected intraperitoneally in each mouse. Four days after
the initial injection, macrophages that concentrated in the peritoneal cavity were harvested
by performing peritoneal lavage.

Peritoneal lavage for Macrophage isolation: Four days after the injection of Thioglycolate,
mice were sacrificed and the skin of the abdominal area was removed carefully, leaving the
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peritoneal membrane intact. Peritoneal lavage was performed by injecting 8-10mLs (1-3mLs
for neonates) of cell medium (Dulbecco’s Modified Eagle’s Medium DMEM, Low Glucose
1g/L, supplemented with 10% Fetal Bovine Serum FBS and 1% penicillin/streptomycin P/S)
intraperitoneally at the lower abdominal area, using a 10ml syringe. After the injection, the
abdomen of the mouse was gently palpated to achieve an even distribution of the fluid in it.
Syringe was disconnected from the needle and the cell containing fluid coming out of it, was
collected in a 50mL falcon. This procedure was repeated 2-3 times in total. The solution was
then centrifuged for 5 minutes at 1000rpm and the cell pellet was resuspended in fresh
medium (DMEM, Low Glucose 10% FBS, 1% P/S). Neonate animals were slightly anesthetized
by intra-peritoneal injection of anesthetics (ketamine/xylazine mixture 1mL/50ul, 10mg/mL
and 20mg/mL alike).

Plate seeding of peritoneal macrophages: Following isolation, macrophages were seeded in
cell culture plates for performing the appropriate processes. For intracellular killing assays,
adult and neonatal wild type and LysCreAktl'/' peritoneal macrophages were seeded in 96-
well cells culture plates at a density of 100.000 cells per well. For Flow cytometric analysis
experiments cells were seeded in 24 well plates at a density of 250.000 cells per well. For
RNA extraction experiments cells were seeded in 24 well plates at a density of 350.000-
400.000 cells/well. For protein extraction cells were seeded in 12 well plates at a density of
450.000-500.000 cells per well. For confocal microscopy assays cells were seeded in 24 well
plates with glass coverslips at a density of 350.000 cells per well.

Intracellular killing assay in adult and neonatal wild type and Akt1” macrophages: The
isolated macrophages from adult and neonatal mice were resuspended in fresh low glucose
DMEM 10% FBS, 1% P/S and were seeded in 96 well culture plates at a density of 100.000
cells per well. Quadruplicates/centuplicates were created for each condition.

The day of the experiment, cell medium was changed to DMEM Low Glucose 10% FBS, 0,2%
P/S one hour prior to GBS addition. GBS was propagated until reaching a desired ODgy and
the proper amount of bacteria was transferred in sterile eppendorf tubes and centrifuged at
6500 rpm for 5 minutes (4°C). The supernatant was discarded and bacterial pellet was
resuspended in the appropriate amount of cell culture media (DMEM, Low Glucose 10%FBS).
100uL of medium containing GBS at an MOI 1:10 were administered in all wells. After 2hrs
GBS stimulus was removed, cells were washed multiple times with DPBS to eliminate the
extracellular and surface bound bacteria and 100uL of DMEM, Low Glucose 10% FBS, 1% P/S
were added in each well. At the desired time-point, supernatant was removed; cells were
washed twice with DPBS and lysed with 100uL Triton-X 0,025% (diluted in sterile water).
Each sample was serially diluted and 100uL of the proper dilutions were plated in THA plates
(sterile conditions). Plates were placed at 37°C overnight. The bacterial load of each cell type
was estimated via cfu counting. The time-points tested for neonates and adults were:

e Neonatal and Adult wt & LysMCre-Aktl'/' macrophages: 2, 4, 6, 8, 12 and 16 hpi

Based on results of the above mentioned experiment, the appropriate time-point was
chosen for an intracellular killing assay after treatment of cells with autophagy inhibitors
and/or inducers. The inhibitors used for this assay were: Rapamycin, Apocynine,
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Chloroquine, 3-Methyladenine (3MA), Diphenyleneiodonium (DPI) at final concentrations of
autophagy inhibitors DPI (20uM), 100Nm, 50uM, 10uM, 5mM and 20uM respectively.

Intracellular-Extracellular bacteria in adult and neonatal wild type and Akt1”
macrophages: Following the concept if intracellular killing, intracellular-extracellular
bacterial count was performed. For the purpose of this experiment, primary macrophages
were seeded in 96 well plates at a density of 100.000 cells per well. Liquid cultures of GBS
were placed in a hot room (37°C, shaking required) for GBS propagation. After reaching the
desired ODgq, bacteria were isolated and diluted in cell culture media (DMEM, Low Glucose
10% FBS, no P/S). Bacteria were added in cells at an MOI 1:10. After an hour incubation at
37°C (5% CO,), plates were removed from the incubator and placed on ice. The supernatants
of each well were carefully collected, diluted and plated on THA plates. Cells were washed
multiple times with DPBS to remove extracellular bacteria and then lysed with 100uL Triton-
X 0,025% in water. The lysates were again diluted and plated on THA plates. For an accurate
estimation of bacterial load, the bacteria-containing supernatant was also diluted and plated
on THA plates.

Heat inactivation of GBS — FITC labeling: The desired amount of GBS was centrifuged
(5minutes, 5.500 rpm, 4°C) and bacterial pellet was resuspended in 1mL DPBS. The solution
was heated for 1 hour at 56°C. Thereafter, bacteria were re-centrifuged twice, the
supernatant was discarded and bacterial pellet was resuspended in 1mL sodium bicarbonate
(pH=7,2). FITC was added at a final concentration of 0,01ng/mL. The solution was heated for
1 hour at 37°C in a dark place (FITC is light-sensitive). Stained bacterial were centrifuged and
resuspended in DPBS, multiple times, in order to discard the unbound amount of FITC.
Stained bacteria were diluted in cell medium (DMEM Low Glucose, 10% FBS, no P/S),
thoroughly vortexed to break GBS chains and added in cell supernatants.

Immunostaining of macrophages & Confocal imaging: For confocal/immunostaining assays,
cells, diluted in DMEM Low Glucose 10% FBS 1% P/S, were seeded in 24 well plates at a
density of 300.000 cells per well. Before the addition of cells, round glass coverslips (12mm)
were placed at the bottom of each well. After plating the cells, plates were placed in an
incubator (37°C, 5% CO,) overnight for cells to adhere on coverslips. On the day of the
experiment medium was removed and cells were washed with DPBS twice. Following that,
cell medium (DMEM Low Glucose, 10% FBS, no P/S) that contained the FITC-labeled GBS was
added in each well in a way to achieve an MOI 1:10 (3.000.000 bacteria per well). 2 hours
after GBS addition, supernatant was discarded and fresh medium (DMEM Low Glucose, 10%
FBS, 1% P/S) was added in the corresponding wells. After the appropriate amount of time,
supernatant was discarded; cells were washed with DPBS, fixed with PFA (2% PFA in DPBS)
and stored at 4°C. Coverslips with cells that received no bacteria particles were used as
negative controls in this process.

For immunostaining coverslips were transferred to a clean surface and washed with 100ulL
DPBS (x3) to remove excess PFA. Blocking solution (5% FBS, 1% BSA, 0,05% Triton-X 100 in
PBS) was added in all coverslips and cells were incubated for 15 minutes at RT on shaker,
This process was repeated twice. Following that, blocking solution was aspirated and 50ulL of
the primary antibody (Rabbit Ant1-LC3 Antibody, NOVUS, 1/200 dilution in Blocking Buffer
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supplemented with 0,05% Triton X 100) were added in each coverslip for 1 hour at RT on a
rotator. During this time, coverslips were kept at a dark place. The fluid was removed and
coverslips were incubated twice with blocking solution for 5 minutes. After blocking,
secondary antibody solution (Alexa Fluor 555 1/500 in Blocking Buffer) was added in
coverslips for a 40- minute incubation at RT. All coverslips were washed thoroughly with
DPBS (0,1% Triton-X) and TOPRO solution (1/1000) was added for 2 minutes, to assist
nuclear staining. Coverslips were washed with DPBS, merged in mounting medium, sealed
and Stored at 4°C. Coverslips were observed at Leica Confocal Microscope and images were
analyzed in Adobe Photoshop CS6.

FACS Immunostaining protocol: For flow cytometric analyses, 350.000 primary macrophage
cells were seeded in 24 well plates and incubated with GBS at an MOI 1:10. The supernatant
was discarded and cells were washed twice with DPBS. After DPBS removal, Trypan Blue
0,2% (0,4% Trypan Blue diluted in dH,0 1:1) was added in all wells for 1-2 minutes to assist
non specific signal blockage. Cells were washed properly with DPBS (x4) to remove the
excess amount of Trypan Blue and cold FACS buffer was added (200uL per well). Cells were
then scrapped and the cell containing supernatant was collected in sterile eppendorf tubes.
Samples were centrifuged for 5 minutes at 500-650 rcf, 4°C. Supernatants were discarded
and 100ul of diluted antibodies specific for monocytes’ cell surface marker F480 were added
in each cell pellet. Samples were vigorously pipetted to assist pellet re-suspension and
incubated at room temperature (RT) for 20 minutes and for another 10 minutes on ice (4°C).
Incubations were performed in the absence of light (light-sensitive antibodies). Antibodies
were diluted in cold FACS Buffer (APC-F480 dilution 1:400 and PE-F480 dilution 1:400). Cold
FACS Buffer (900ul) was added in each tube and samples were re-centrifuged for cell pellet
precipitation. Supernatants were discarded, cell pellets were re-suspended in cold FACS
Buffer and re-centrifuged, a process repeated multiple times, to remove the excess amount
of the antibody. Cell pellets were diluted in 2% paraformaldehyde (4% PFA diluted in FACS
Buffer 1:1) and stored at 4°C. Samples were analyzed in a Flow cytometer and the
percentage of double positive cells was quantified.

Unstained macrophage cells, activated with unstained GBS were used for the elimination of
auto-fluorescence signal. Single stained cells, such as unstained cells that received heat
inactivated FITC labeled GBS or cells stained for the monocytes surface marker F480 were
used for the adjustment of compensation and signal overlapping.

Dihydrorhodamine (DHR) assay: For the measurement of NADPH oxidase activity in
peritoneal macrophages of Akt1”" and wild type neonatal and adult macrophages, the
dihydrorhodamine (DHR) flow cytometry assay was used. Cells were seeded in 24 well plates
at a density of 250.000 per well. Cells were simultaneously stimulated with GBS at an MOI of
1:10 and 0,2ug/mL DHR (DMEM Low Glucose, 10% FBS). Cells were then incubated for the
appropriate amount of time. After 2hrs, medium was changed to DMEM Low Glucose 1g/L,
10% FBS, 1% P/S supplemented with the right proportion of DHR. After the appropriate
amount of time, wells were emptied and reactions were terminated by pouring cold PBS in
each well. Cells were detached using a scrapper, centrifuged for 5 minutes at 500g at 4°C
and fixed with 200ul 2% PFA (4% PFA in PBS). Finally, the results of the oxidation of DHR to
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a fluorescent compound, rhodamine 123 were measured by flow cytometry and analysed in
GraphPad Prism v.7.

NO measurement assay in cell supernatants: In an uncoated 96 well plate (Bradford plate),
50uL of each experimental sample were added in duplicates or triplicates. For the
generation of standard curve, serial % dilutions of Nitrite standard (0,1M sodium Nitrite in
dH,0) diluted in cells medium were made and pipetted in duplicates (100uM starting
concentration). Using a multichannel pipette 50uL of Sulfanilamide solution (1%
Sulphanilamide, 5% H;PO,)were added in all experimental samples and wells containing the
dilution series for the Nitrate Standard Reference Curve. After a 5 minute incubation in a
dark place at room temperature, 50uL of NED solution (0,1% N-1-napthylethylanediamine
dihydrochloride in dH,0) were added in all the wells and samples were again incubated at RT
for 5-10minutes. After the formation of a purple/magenta color, the absorbance at 520-
550nm was measured within 30minutes, using a microplate reader.

The resulting absorbance data were analyzed using Microsoft Excel and GraphPad Prism 5.0,
following a linear regression model.

Protein harvest: For protein collection, primary macrophage cells were seeded in 12 well
plates at a density of 450.000-500.000 cells per well. After the necessary treatments
(Bafilomycin A1 100uM), supernatant was removed and cells were washes twice with 400ulL
sterile DPBS. Thereafter, plates were placed on ice and 400uL DPBS were added in each well.
Cells were thoroughly scrapped and the cell containing solution was harvested in sterile
eppendorf tubes. The samples were centrifuged for 10 minutes at 600 rcf (4°C) and
supernatant was discarded. Following that, 30uL of RIPA Buffer, supplemented with 1X
Protease Inhibitors (Protease Inhibitor complete tablets, Roché, dissolved in distilled water
to a stock concentration of 7X) and 1X Phosphatase inhibitors, were added in each cell pellet
to assist cell lysis. After the re-suspension of cell pellets, samples were re-centrifuged at
maximum speed (12.000g) for 15 minutes, at 4°C, to discard cell debris and collect protein
extract in the supernatant. Supernatants were collected, transferred to new eppendorf
tubes and stored at -80°C until use.

Protein quantification using Bicinchoninic Assay (BCA): The Bicinchoninic assay protocol
was used for the determination of the total protein concentration of our samples. Serial
dilutions of bovine serum albumin (BSA) solution of known concentration were used for the
creation of a protein concentration standard curve. The standard curve was created by
mixing 5uL of the corresponding standard with 20uL dH,0. The protein standards used in
this process were: 1000ug/ml, 500ug/ml, 250ug/ml, 125ug/ml, 62,5ug/ml, 31,25ug/ml and
15,625ug/ml. As controls, 5ul of PBS were used for BSA standards calibration, while 5ul of
RIPA buffer (Protease/Phosphatase Inhibitors) was used as a control for our samples. The
final volume of fluid in each well was 25ulL. BCA Reagents A and B were mixed in proportion
50:1 and 200ul of the mix were pipetted to each well. The plate was sealed and incubated at
37°C in a dark incubator for 30 minutes. Then, the absorbance at 550nm was measured
using a microplate reader. Data were analyzed using Microsoft Excel and Graph Pad Prism
5.0, following a linear regression model.
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Western Blot Analysis of protein samples: For Western Blot analysis 1.5mm thick, 13,3%
polyacrylamide gels were used. Gels were prepared by mixing acrylamide (30%) with the
appropriate amount of separating/stacking gel buffers and polymerization was induced after
the addition of 10% ammonium persulfate (APS) and TEMED® reagents. 1.5M Tris (pH 8.8)
and 1M Tris (pH 6.8) were used as the buffers for the separating and the stacking phase of
the gel, respectively.

After quantitation of the protein concentration, 15 ug of each protein sample were used for
western blot analysis. After the addition of Loading dye (at a final concentration 1x), samples
were heated at 96°C for 3 minutes, spanned down and loaded onto polyacrilamide gel. For
the indication of molecular weight of proteins, 7uL of Benchmark protein ladder
(Invitrogen®) were used. Electrophoresis of samples was performed at 80V while proteins
moved through the stacking phase, and then at 100-120V in the separating phase of the gel.
After approximately an hour, electrophoresis was stopped and proteins were transferred
from gels to activated PVDF membranes (soaked in methanol for 1-2 minutes), in transfer
buffer (2.9g Glycine, 5.8g Tris base, 0.37g SDS, 200m| methanol) at a constant current of
400mA. After transfer process, membranes were briefly washed in PBST buffer (phosphate
buffered saline with Tween® 20, 0,1%) ,then blocked in 5% skimmed milk diluted in PBST for
1 hour. Membranes were washed again and incubated with the primary antibodies
overnight at 4°C. Afterwards, membranes were washed briefly in PBST and incubated at
room temperature with the secondary antibody for 1 hour. Brief washes with PBST were
performed to remove unbound secondary antibody molecules, and enhanced
chemiluminescent (ECL) peroxidase substrate was used. Membranes were exposed to trans-
UV light in a fluorescent imager (BioRad Laboratories, Inc.) and fluorescence signals were
digitalized, and analyzed with manufacturer corresponding software (ImagelLab).

Samples were normalized using antibodies for housekeeping genes (B-actin). Ratios of
(target protein) / (housekeeping gene) were calculated for each sample after analyzing the
digitally acquired signal (densitometry analysis). Differentiations in protein quantities at
separate time-points/treatments were depicted in box plot graphs created with GraphPad
prism.

The primary antibodies used in this study were:

LC3: LC3 Antibody (1712D), Novus Biological

Akt1: Aktl (D9R8K) Rabbit mAb #75692, Cell Signaling

pAkt1l: Phospho-Aktl (Ser473) (D7F10) XP® Rabbit mAb (Akt1 Specific) #9018, Cell Signalling
Actin-b: B-Actin (8H10D10) Mouse mAb #3700, Cell Signaling

e Secondary Antibodies: 1) Goat anti-mouse IgG polyclonal antibody HRP conjugateBML-
SA204-0100, 2) Goat anti-rabbit IgG polyclonal antibody HRP conjugate ADI-SAB-300-J

RNA isolation, cDNA synthesis and real time quantitative rt-PCR: For RNA isolation, primary
macrophages of neonatal or adult mice were seeded in 24 well cell culture plates at a
density of 350.000-400.000 cells per well. After the appropriate treatments, cells were
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placed on ice and collected using 200ul of Trizol Reagent (Life Technologies). The cell
containing supernatant was transferred to clean, sterile eppendorf tubes and 40uL (1/5 V) of
chloroform were added in each sample. After brief vortexing, samples were centrifuged for
15 minutes at 12.000 rcf (4°C). The upper aqueous phase was carefully collected and
transferred to new sterile RNAse free eppendorf tubes and 100uL (1/2 V) of isopropanol
were added in all samples. After a short incubation at room temperature to assist the
precipitation of RNA, samples were centrifuged at 12.000g for 10 minutes (4°C). Tubes were
emptied, filled again with 250uL of 75% EtOH (Absolute EtOH diluted in dH,0 and
centrifuged at 7.500g for 5 minutes (4°C). This process was repeated twice, tubes were
emptied and RNA pellets were left at room temperature for 10 minutes in order to dry.
Pellets were re-diluted in 20uL of RNAse-free water (TaKaRa®) and heatblocked for 5
minutes at 65°C. The RNA content of samples was verified using the Nanodrop micro-volume
spectrophotometer.

Following RNA extraction, cDNA synthesis was performed using the TakaRa® PrimeScript™
1* strand cDNA synthesis kit, following manufacturer instructions. 1ug of Template RNA was
used from each sample and after dNTP mixture (10mM), Random 6mers (50uM) and RNAse
free H,O addition. Samples were incubated at 65°C for 5 minutes, and then cooled
immediately on ice. 5ul of a mixture containing 5x PrimeScript Buffer, RNAse Inhibitor
(40U/uL), PrimeScript RTase (200U/ul) and H,O were then added to each sample. cDNA
synthesis was performed at the following conditions: 1) 10 minutes at 30°C, 2) 45 minutes at
50°C, and 3) 5 minutes at 95°C (enzyme inactivation). Samples were diluted at a final volume
of 20uL and stored at -20°C until use.

The c¢cDNA produced by the above described procedure was used for rt-gPCR analysis. For
this purpose, the FAST Green 2X gPCR Universal mix was used. Each reaction included
0,4The necessary volume (9ul) of master-mix (Forward and Reverse primer was used in all
reactions along with 1ul of the corresponding cDNA. The final volume of each reaction was
10uL. Duplicates were made for each sample. RPS9 was used as the homeostatic gene of our
samples and the expression of Atg5, Atg7, Nox2, IL10, IL12b and TNFa. RtPCRs were
performed in Applied Biosystems-qPCR machine and the results of gene expression were
analysed at StepOne software v2.3 and GraphPad Prismv7 software.

Atg5: F: 5'-ATGGACAGCTGCACACACTT-3’ & R: 5-CTGGGTAGCTCAGATGCTCG-3’

Atg7: F: 5'-ACCATGCAGGGAGCTAGAGA-3’ & R: 5’-CCCATGCCTCCTTTCTGGTT-3’

Nox2: F: 5’~-TCCTGGAGGAAGTGGGCCGAAG-3’ & R: 5'~CCTCCACGGGCCCGGTACTC-3’

IL10: F: 5’-GCGCTGTCATCGATTTCT CCCCTG-3’ & R: 5'-GGCCTTGTAGACACCTTGGTCTTG-3’
IL12b: F: 5-GGAGGGGTGTAACCAGAAAGGTGC-3'& R: 5—~CCTGCAGGGAACACATGCCCAC-3’
RSP9: F: 5’-GCTAGACGAGAAGGATCCCC-3’ & R: 5’- CAGGCCCAGCTTAAAGACCT-3’

3. Results

3.1 Phagocytosis capacity of Wild Type & Akt1 deficient adult and neonatal
macrophages

In order to determine the capacity of adult and neonatal macrophages to engulf GBS cells
and whether this process is upregulated or reduced in the absence of Aktl kinase we
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conducted an experiment that determined the number of alive GBS bacteria localized in the
extracellular environment and intracellularly. More specifically, all types of macrophages
(wt adult, wt neonatal, Lys-Cre Aktl” adult and Lys-Cre Aktl” neonatal Mds) were
incubated with GBS cells at an MOI of 1:10 for 1 hour. The extracellular bacteria-containing
medium was diluted and plated, while intracellular bacterial load was estimated via lysis of
cells, dilution and plating of the lysates. From cfu counting we managed to estimate the
number of intracellular, extracellular bacteria and the initial number of bacteria introduced
in each well, named as i, e and c respectively. Using these variants we created an equation
for determining the number of bacteria that remained alive. The number of survived
bacteria (s) is described by the following equation:

s=i+e

For the estimation of bacteria that were killed by macrophages (k) the equation that we
used was the following:

k= c-(i+e)

Based on that we then proceeded in calculating the number of bacteria that were uptaken
by macrophages (a). This number indicated the phagocytosed bacteria and it was calculated
using the following equation:

a= k+i

Finally the percentage of phagocytosed bacteria (P) was calculated by using the following
equation, according to which:

u
P=—*100%
c

As shown in the data presented in diagram 6.A the amount of intracellular bacteria is lower
in Aktl deficient adult and neonatal macrophages compared to the corresponding wild type
cells. However, the corresponding amount of extracellular bacteria is also diminished in
those cells compared to their wild type counterparts (Diagram 6.B). The differences in
intracellular and extracellular bacterial load are more distinguish when neonatal cells are
compared, while adults have a slight but not statistically significant difference. In diagrams
6.C and 6.D we can see the number of survived and killed bacteria respectively. As we can
see, Lys-Cre Akt1” Mds have less survived and more killed bacteria compared to wild type
cells and that is the case for both adults and neonates. At this point it is important to
determine the means of bacteria killing. Bacteria are either degradated intracellularly via the
lysosome pathway or extracellularly via the production of nitric oxide NO by macrophages.
In this case bacteria were killed intracellularly and not extracellularly and that was confirmed
by performing measurement of NO levels in supernatants collected from macrophages that
were treated with GBS at an MOI 1:10 for 1 hour. The NO levels of these supernatants were
undetectable at time-points of 2, 4 and 6 hours after the initial GBS infection, with an
exception of Aktl neonatal macrophages 6hpi samples, where NO was detectable but the
levels were significantly low. Therefore, we concluded that the number of killed bacteria was
exclusively from bacteria that were phagocytosed and consequently degradated. As
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demonstrated in diagrams 6.E and 6.F the number of phagocytosed bacteria and the
percentage of phagocytosis are not significantly different between the different neonatal
and adult macrophages. That led us to the conclusion that Aktl ablation does not impact
phagocytosis capacity of macrophages either in neonatal or later developmental stages.

In order to identify and determine the size of neonatal macrophage population that
perform phagocytosis of GBS and whether this number is modified upon the absence of Aktl
kinase and thus has a negative or positive impact on phagocytosis capacity of macrophages,
we performed a 2 color flow cytometry and sequential gating analysis. For that reason,
macrophages isolated from wild type and Lys-Cre Akt1”" infant mice were inoculated with
heat inactivated FITC labeled GBS at an MOI 1/20 for 1 hour. Macrophage cells were stained
with PE-F4/80 for this specific monocytes surface marker. After the exclusion of doublets
and debris, macrophage cells were identified based on the expression of F4/80, the high side
scatter and high auto-fluorescence. Despite these features, macrophage population that
performed phagocytosis of GBS was also selected based on its FITC fluorescence. The results
presented in the following diagram (Diagram 6.G) indicate that neonatal macrophages do
not have a significantly different phagocytosis capacity in the presence of in the absence of
Akt1 kinase. More specifically, the double positive cells (PE+ and FITC+) represented in the
upper right square R4 are the 17,9% of WT and the 18,8% of Lys-Cre Aktl” neonatal
macrophages. Although there is a slight difference between these populations of the 2
distinct groups, it has no statistical significance. This comes in support of the previous data
acquired by intracellular-extracellular killing assay and is a further confirmation that the
initial bacterial phagocytosis is not affected by the lack of Aktl expression. As a synopsis of
the above mentioned results, diagram 6.H demonstrates the phagocytosis capacity of all cell
types which has no significant differences for adult or neonate cells that either express Aktl
kinase or not.
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Figure 6

Phagocytosis capacity of Wild Type & Aktl deficient adult and neonatal macrophages:
Adult and neonatal murine macrophages were incubated with GBS particles at an MOI 1:10 for 1
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hour. The amount of bacteria inside cells and in the extracellular medium was estimated by plating
and cfu counting. (A) Total number of intracellular GBS i, (B) Total number of extracellular GBS e, (C)
Total amount of survived bacteria s, (D) Total amount of killed bacteria k, (E) Total number of
phagocytosed bacteria p (F) Percentage of phagocytosed bacteria P. (G) Neonatal murine
macrophages were incubated with FITC labeled GBS (MOI 1:10) for 1 hour, stained with APC-F4/80
and the amount of double positive cells (FITC', APC-F4/80") was estimated via FACS analysis.(H)
Phagocytosis capacity of murine macrophages. *, P < 0.05; **, P < 0.05; ***, P < 0.005

3.2 Lys-Cre Akt1/- neonatal and adult macrophages have an increased
capacity of GBS clearance compared to the corresponding wild type cells
After confirming that neonatal and adult cells have the same phagocytosis capacity whether
they lack the expression of Aktl kinase or not, we sought to address whether their efficiency
of microbial clearance is influenced by the presence or the absence of Aktl kinase.
Therefore, we performed in vitro intracellular killing assays that allowed us to estimate the
amount of phagocytosed bacteria that remained alive intracellularly. After challenging cells
with GBS bacteria at an MOI of 1:10 for 2 hours, macrophages were lysed and their
intracellular bacterial load was monitored over a time-course of 16 hours by performing cfu
counting in cell lysates. As presented in the following diagrams, adult cells have an all-in-all
better response in bacterial challenge, compared to the corresponding neonatal
macrophages. That is depicted by their ability to clear bacteria. More specifically, as shown
in diagrams 7.A and 7.B we can see that in a span of 2 and 4 hours post infection adult
macrophages have managed to eliminate a greater number of bacteria compared to the
respective neonatal macrophages. In detail, we saw that while wt adult macrophages have a
bacterial load of 460.000 and 178.000, neonatal cells have 642.00 and 294.000 respectively.
The picture is the same as far as LysCre Akt1”" macrophages are concerned since adults
display bacterial loads of 255.000 and 6.500 bacteria at 2 and 4 hours post infection, while
neonates have 405.000 and 64.000 bacteria respectively.

However, the most interesting finding is that Aktl macrophages have a better response in
terms of clearance compared to wild type macrophages. As far as adult macrophages are
concerned, in diagram 7.D we see that LysCre Aktl”" macrophages Although the initial
bacterial load is the same for both wild type and LysCre Aktl”" macrophages (560.000
bacteria), 2 hours after the initial infection, the intracellular load of LysCre Akt1”
macrophages is 260.000 cfu. While LysCre Akt1” cells have degradated almost the two
thirds of phagocytosed bacteria, this clearance efficiency is not observed in Wt cells. In a
span of 2 hours, the corresponding intracellular bacterial load in wild type macrophages is
460.000 and cells have managed to kill 100.000 bacteria. The difference is more obvious at
the time-points of 4 and 6 hours post infection in which WT cells have an intracellular load of
178.000 and 89.000, while the load in LysCre Akt1”" cells is 6.500 and 2.500 respectively. This
difference is significantly reduced at 8hpi as wt and LysCre Akt1” cells have 29.500 and
1.000 bacteria intracellularly and it is further reduced at 12hpi, while cells have managed to
eliminate bacteria at 16hpi. These data demonstrate that Aktl depletion in macrophages
allows them to have a more acute and efficient response against GBS, which assist the
immediate bacteria elimination.
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This beneficial phenotype of Aktl ablation is also replicable in neonatal macrophages as
shown in diagram 7.C. In a span of 2 hours after the initial challenge with GBS, the number
phagocytosed bacteria has declined from 570.000 to 405.000 in LysCre Akt1” cells, while in
wt cells bacterial load increased from 570.000 to 640.000. This increase is indicative of the
escape and the consequent proliferation of GBS in the cytosolic compartment. As we can
see, in the absence of Aktl kinase, macrophages activate elimination mechanisms rapidly
and therefore, bacteria do not manage to escape to the cytoplasm. At 4 and 6 hpi knock out
neonatal cells have 64.000 and 10.550 bacteria, while wild type cells have 294.000 and
115.000 bacteria respectively. These differences have a statistical significance and are
indicative of Aktl”" cells efficiency during bacterial infection. At 8 hpi the difference in
intracellular bacteria has reduced at 20.000 and 2.500 respectively and is further decreased
at 12hpi. The phenomenon of GBS clearance is resolved at 16hpi for both neonatal cell
types. These data indicate that ablation of Aktl kinase in neonatal macrophages gives a
bactericidal advantage in these cells, since they have the ability to immediately respond to
GBS challenge, to possibly block bacterial escape from endosomes to the cytosol and lead to
its rapid degradation.
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Figure 7

Lys-Cre Akt1” neonatal and adult macrophages have an increased capacity of GBS clearance
compared to the corresponding wild type cells: Adult and neonatal murine macrophages were
incubated with GBS bacteria (MOl 1:10) for 2 hours and at several time-points post infection (2-
16hpi), cells were lysed and the intracellular bacterial load was estimated via plating and cfu counting.
(A) Intracellular survival of GBS in Wild Type Adult and neonatal macrophages (B) Intracellular survival
of GBS in LysCreAktl'/' Adult and neonatal macrophages (C) Intracellular survival of GBS in Wild type
and LysCreAktl'/' Neonatal macrophages (D) Intracellular survival of GBS in Wild Type and LysCreAkt1’
" Adult macrophages. *, P < 0.05; **, P < 0.05; ***, P < 0.005

3.3 Akt1 deficient cells suffer from increased oxidative stress compared wt
adult and neonatal macrophages upon GBS infection

After confirming the increased capacity of degradation and pathogen elimination that Akt -
macrophages exhibit, next we sought to address whether these cells have an increased
amount of Reactive Oxygen Species (ROS). Therefore, we performed the Dihydrorhodamine
123 assay. This substance is a non-fluorescent, free radical indicator that diffuses across
membranes, where it oxidizes to rhodamine 123 that has a green fluorescence. Or the
purpose of this experiment, neonatal and adult macrophages that either expressed Aktl
kinase or not were incubated with GBS bacteria At an MOI of 1:10 for 2 hours.
Dihydrorhodamine 123 was added in each of our samples and at the time-points of 2, 4 and
6 hpi cells were fixed and sorted based on their fluorescence. Cells that received no GBS
stimulus were used as negative controls. As presented in Diagrams 8.A and 8.B, we can see
that ROS concentration, represented by the mean fluorescent intensity of Rhodamine,
increases over time for all the macrophage populations tested and the peak of concentration
is noticed at 6hpi. A really interesting fact is that although at basal conditions the amounts of
ROS are the same for all cell types (10-15%), either adult or neonates, we can see that after
2 hours of stimulation with GBS, ROS levels have an almost 2 fold increase, which is further
amplified in later time-points. At 2 hpi, we see that Aktl cells have more ROS compared to
their corresponding wild type cells and the greatest concentration of ROS among all cell
types, have the LysCreAktl'/' neonatal cells. At a span of 4 hpi the differences between the
groups become more evident. Once again, the leading group in terms of ROS expression is
Aktl deficient neonatal macrophages which have a mean fluorescent intensity of 53,7%. Wt
neonatal cells follow with a concentration of 46%, while adult Aktl deficient and wt cells
have the lowest concentrations of 29,5% and 17,15% respectively. Finally, at the timepoint
of 6hpi, ROS concentrations are the highest for all samples. More specifically, for wt adult
neonates we see a 5%increase compared to 4hpi timepoint, while Aktl deficient adult cells
have a 19% increase. For neonatal macrophages we observed that ROS concentration has a
32% increase in a span of 2 hours, while Aktl deficient cells have a corresponding 42%
increase. These data indicate that upon GBS challenge, Akt1 deficient cells display a dramatic
increase in ROS generation and compared to wild type cells. Also, neonatal macrophages
have extremely elevated levels of ROS compares to adult cells when challenged with GBS
that tend to increase over time.

Another thing that we wanted to examine was the production of Nitrogen Monoxide (NO) by
macrophages upon continuous challenge with GBS and how that is modified upon the
absence of Aktl kinase in adult mice. For that reason, adult wild type and LysCreAktl”



Rhodamine exitation

Rhodamine exitation

36

macrophages were continuously incubated with GBS bacteria at an MOI 1:10. Supernatants
of each sample were collected and tested for their NO concentration. As presented in
Diagram 8.C, NO levels are low in basal conditions and they have a 2 fold change in the first
30 minutes and 1 hour of GBS infection. However there are no significant differences
between the different macrophage types. The most interesting fact is that upon 2 and 3
hours after GBS challenge NO levels in Aktl deficient macrophages have a 4 and 7 fold
increase respectively compared to the basal levels. Another interesting thing is that in these
later time-points wt and Aktl deficient cells do have a statistically significant difference.
After 2 hpi, NO levels of wt macrophages start to decrease from 3,5umol/L to 2,5umol/L.
However that is not the case for LysCreAktl'/' macrophages, which continue to rise from
4,5umol/L to 7umol/L. That data indicate that NO production is significantly increased in
Akt1”" cells compares to wt cells, when challenged with GBS.
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Figure 8:

Aktl deficient cells suffer from increased oxidative stress compared wt adult and neonatal
macrophages upon GBS infection: Adult and neonatal macrophages were infected with GBS particles
(MOI 1:10) for 2 hours. (A) & (B) Adult wild type and LysCreAktl'/' macrophages were exposed to
dihydrorhodamine [(DHR) 0,2ug/mL ] and challenged with GBS at an MOI 1:10 for 2 hours. The levels
of Reactive Oxygen Species (ROS) at 2, 4 and 6 hpi were measured by performing the
dihydrorhodamine (DHR) assay. The mean fluorescent intensity of samples was measured by FACS
analysis. (C) Adult wild type and LysCreAktl'/' macrophages where continuously challenged with GBS
bacteria at an MOI 1:10 for 30 minutes, 1, 2 and 3 hours and the concentration of Nitrites (umol/mL)
in cell supernatants, was estimated by NO measurement assay. *is used to compare a column with
the corresponding basal conditions, while # is used to compare the two different cell types. . */#, P <
0.05; **/##, P < 0.005; ***/###, P < 0.0005.

3.4 Akt1/- macrophages display increased Nox2 and Atg5 expression while

they have decreased levels of IL10 compared to wt cells upon GBS infection

After addressing ROS production in neonatal and adult cells treated with GBS we then
sought to see the expression profile of these cells for a specific group of genes that
participate in oxidative stress, autophagic machinery or to specific macrophage responses
upon pathogen stimulus. For that reason, we treated cells with GBS bacteria (MOI 1:10) for 2
hours and we investigated the expression levels of the genes of interest at 1, 3 and 5 hpi.
The genes we sought to study were Nox2, iNOS, IL12b, IL10, Atg5 and Atg7. More
specifically, for IL10 (Diagram 9.A), we can see that in the absence of bacterial stimulus the
basal transcriptional levels of this gene are relatively low for all adult and neonatal cells,
whether they express Aktl kinase or not. However, when cells are stimulated with GBS for 1
hour, we notice that ILL0 mRNA levels become immediately upregulated, especially in
neonatal macrophages. In detail, the basal levels of IL10 in wt neonates are 60, 40 and after
the 1 hour infection they increase to 7.655, having an 125-fold difference. At 3 hpi, the
mMRNA levels of IL10 have a further increase of 8-fold change at 56.532. At 5 hpi, IL10
transcriptional levels reach a pick of 248.798 (4.4-fold change). The picture is similar for
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Akt1” macrophages, where basal levels are around 60,36 and after an hour of GBS
stimulation the detected levels of IL10 are increased to 2.915. A rapid increase is noticed at
3hpi where IL10 levels reach 27.492having an almost 10-fold change. At 5hpi, IL10 levels
reach a maximum of expression at 45.386. Comparing these two groups we can see that in
each time point their IL10 expressions display a statistically significant difference (p<0,05),
with wt macrophages having a far more abundant expression compared to their Aktl
deficient counterparts.

As far as adult macrophages are concerned, we see that under basal condition both cell
types have a low expression of IL10 at around 36,6 and 38,8 for wt and Aktl” cells
respectively. However, at 1hpi, IL10 levels in wt cells are rapidly increased to 1425 (39-fold
change), while for Akt1” cells, this increase is significantly smaller at 474 (12-fold change).
At the timepoint of 3hpi, we see that the corresponding levels of IL10 have risen at 2158 and
1133,7 respectively and the difference of expression between the two groups remains
statistically significant. Finally, at 5hpi, IL10 levels decrease in both groups. More specifically,
for wt adult cells we notice a decline from 2.158 to 1456 (1,5-fold change), while for Akt1”"
cells the corresponding levels of IL10 are 798 (1,4 fold-change). It is important to mention
that the levels of IL10 have an increased statistical significance when wt groups are
compared. Especially in late time points (5hpi) we notice that in wt neonatal cells, the levels
of IL10 are around 248.798, while the corresponding levels in adult cells have decreased at
1456 (P<0.0005).

For Nox2, we see that the levels of expression increase gradually in all groups and have a
pick of expression at 5hpi (Diagram 9.B). More specifically, for neonatal cells we see that the
basal levels of this gene in wt and Akt1” cells are relatively low and upon infection with GBS
for 1 hour they increase by 2 and 3,2-folds respectively. At 3hpi, Nox2 expression levels
experience a 5 fold and 5.7 fold change compared to basal conditions in wt an Akt deficient
neonatal cells respectively, whereas at 5hpi the corresponding fold change is 5,9 and 4,3
respectively. It is important to mention that compared to their basal levels, the levels of
Nox2 in all timepoints display a statistical significantly change. More specifically, for wt
neonatal cells, we notice that at lhpi and 3hpi the Nox2 levels display a statistically
significant change compared to basal levels of this gene’s expression (p<0,005), while at Shpi
this change has a lower significance p<0,05. In Akt1” neonatal cells, we see that at 1hpi and
3 hpi the corresponding difference has an increased significance (p<0.0005) and at 5hpi gene
expression. These 2 cell groups do display important differences at time-points of 1hpi and 5
hpi. In adult cells the picture is quite different. Wt adult cells, during the 1* hour of GBS
infection Nox2 levels exhibit a minor increase, which becomes more evident at 3hpi where
we can see a 3,7-fold change compared to basal conditions. Nox2 production is further
increased at 5pi where Nox2 levels exhibit a 7.2 fold change. On the other hand, LysCreAkt1”
" macrophages have a gradual increase of Nox2 levels at 1, 3 and 5 hpi that correspond to
2.3, 3.6 and 7.8 fold change respectively, compared to basal conditions. Both adult cell
populations display statistically significant upregulation of Nox2 expression at during the
later time-points (3 and 5hpi), while only Akt1” macrophages have such an acute increase at
1hpi.
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For Atg5 we observe that in wild type neonatal cells the expression levels of this gene do not
change during the early timepoints of 1hpi and 3 hpi, while at Shpi they display a 2.9 fold
change compared to the basal conditions (Diagram 9.C). On the other hand, in LysCreAkt1”
macrophages we see that at 3hpi, Atg5 levels have a 2.5 fold increase and at 5hpi expression
of Atg5 is diminished at 1.38 fold difference compared to basal conditions. Moreover, adult
cells have a pattern of expression similar to the neonatal cells. In detail, for wt adult
macrophages we observed an increase of 1.8 fold change at 5hpi, while at earlier timepoints
Atg5 expression does not change significantly. However, adult macrophages that lack the
expression of Aktl, at 1hpi the mRNA levels of this gene have a 2 fold change increase, then
at 3hpi they decrease by 0.5 fold change and at 5hpi they increase at 1.8 fold change
compared to Ohpi timepoint.

Atg7 TNFa and IL12b were also tested for their expression levels at these specific time points
but no significant differences were observed between the different groups (data not shown).
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Figure 9:

Akt1” macrophages display increased Nox2 and Atg5 expression while they have decreased levels
of IL10 compared to wt cells upon GBS infection: Adult and neonatal Wild Type and LysCreAkt1-/-
macrophages were incubated with GBS particles for 2 hours. At 1, 3 and 5 hpi cells were collected,
lysed and RNA was isolated. After cDNA synthesis the expression levels of genes were estimated by
performing RT-qPCR. (A)The expression levels of IL10 in adult and neonatal wild type and LysCreAktl'/'
macrophages upon challenge with GBS (B) The expression levels of mNOX2 in adult and neonatal wild
type and LysCreAktl'/' macrophages upon challenge with GBS (C) The expression levels of Atg5 in
adult and neonatal wild type and LysCreAktl'/' macrophages upon challenge with GBS. *is used to
compare a column with the corresponding basal conditions, while # is used to compare the two
different cell types. . */#, P < 0.05; **/##, P < 0.005; ***/###, P < 0.0005.

3.5 Akt1/- macrophages display more rapid increase in LC3II levels
compared to wild type cells

Another thing we sought to address was whether the protein levels of LC3Il change during
GBS infection and whether this pattern is different in wild type and Aktl deficient cells. For
that reason adult macrophages were incubated with GBS bacteria at an MOI 1:10 and
harvested at 1, 2 and 4 hpi. As shown in Figure 10.A, in wild type cells LC3Il levels start to
increase at 2hpi and remain high at 4hpi, while in Akt1 deficient macrophages this increase is
noticed at 1hpi and is maintained at 2 and 4 hpi. However, we noticed that upon treatment
with Bafilomycin A1, LC3II levels appear to be even higher. This phenomenon is noticed in
both cell types but is more prominent in Akt1-/- cells which may imply that the processes in
which LC3II participat are more intense in these cells and thus their blockage increases the
levels of LC3Il so much.
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Except of LC3II levels we sought to address the levels of total and activated Aktl kinase in
these macrophages. For that reason, cells were incubated with GBS at an MOI 1:10 for 30
minutes, 1 and 2 hours. Moreover, cells were also treated with Bafilomycin Al that inhibits
the fusion of autophagosomes with lysosomes. As shown in figure 10.B, at the early
timepoint of 30 minutes, wt cells have not any significant difference in terms of p-Aktl
expression compared to untreated wt cells. However, at 1 hpi levels of the phosphorylated
form of Aktl is increased, indicating that Akt1 activation takes place after 1 hour from the
introduction of the triggering signal. An interesting fact is that the levels of total Aktl seem
to rise as early as 30 minutes after infection, increase more at 1hpi and remain steady at 2
and 3 hpi. However the phosphorylation increase seems to be abolished when cells are
treated with Bafilomycin Al that may imply a blockage of LC3 lipidation process when fusion
of vesicles with lysosome is blocked.
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Figure 10:

Akt1”" macrophages display more rapid increase in LC3Il levels compared to wild type cells: Wild
Type and LysCreAktl'/' adult macrophages were treated with GBS bacteria at an MOI 1:10 for 2 hours.
Cells were collected and lysed at the corresponding time-points after the initial infection for protein
analysis. (A) The Levels of LC3Il and actin in wt and LysCreAktl'/' adult macrophages in the presence
and absence of Bafilomycin Al inhibitor (B) Aktl and pAktl levels in wt and LysCreAktl'/' adult
macrophages at timepoints of 30 minutes and 1 hpi in the presence and absence of Bafilomycin Al
inhibitor (C) Akt1 levels in wt and LysCreAktl'/' adult macrophages at time-points of 2 and 3 hpi in the
presence and absence of Bafilomycin Al inhibitor.

3.6 Inhibition of NO synthesis impairs Akt1-/-macrophage capacity to
eliminate GBS

After confirming that ROS and especially NO levels of production are increased upon
infection of wt and Akt1”" macrophages with GBS and that the autophagic pathway may be
implicated in the process of GBS killing, we sought to address whether inhibition of ROS
production and/or autophagy has an impact on GBS clearance by wt or Aktl adult
macrophages. For that reason, we treated cells with different inhibitors and after infecting
them with GBS bacteria at an MOI of 1:10. After 2 hours cells were lysed and the
intracellular bacteria were estimated via the cfu counting method. The inhibitors that we
used were DPI, which is a specific inhibitor of nitric oxide synthase, Apocynin, which is an
inhibitor specific for NADPH Oxidase (NOX), Rapamycin, which is a specific mTOR inhibitor,
3MA which is a PI3K Class Il inhibitor that impedes autophagosome formation and
Chloroquine, which acts as a lysosomal pH regulator that delays lysosome acidification and
therefore inhibits autophagosome-lysosome fusion and degradation. As presented in the
following diagram (11.A) we can see that out of all the inhibitors the only one that had a
negative impact in terms of bacterial killing was DPI. That is indicative of the fundamental
role that iNOS and NO production play upon pathogen elimination process. In detail, what
the diagram depicts is the fact that upon normal conditions, when cells are not treated with
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any inhibitors, 2 hours after the initial infection with GBS, LysCreAktl'/' macrophages display
a lower intracellular bacterial load of 170*1073 cfu compared to wt macrophages that have
a respective load of 280*1073 cfu. However, upon treatment with DPI, the respective
bacterial loads change dramatically, especially for Aktl deficient cells. In wt macrophages,
DPI treatment causes a decrease of bacteria from 280.000 to 130.000 cfu, while in Aktl
deficient macrophages bacteria increase from 170.000 to 330.000 cfu.

A slight increase is also noticed when cells are treated with Apocynin, as in wt cells bacterial
load slightly change from 280.000 to 260.000 but in LysCreAkt1” macrophages there is a rise
from 170.000 to 240.000 cfu. However these changes do not have a statistical significance,
but they are a good indication that NOX activity is also a prerequisite for pathogen
elimination in LysCreAktl'/' cells. As far as Rapamycin is concerned, we see that treatment of
macrophages with this substance has minor effect on the intracellular bacteria. For wt cells
we see that upon Rapamycin treatment bacterial load has a slight decline from 280.000 to
260.000 cfu, while the load of Aktldeficient macrophages does not display any changes. It is
also evident that inhibition of PI3K Il and autophagosome formation by 3MA treatment of
macrophages has a similar effect with Apocynin as wild type macrophages display a change
from 280.000 to 260.000, whereas LysCreAktl’/' macrophages have an increase from
170.000 to 240.000 bacteria. Last but not least, Chloroquine treatment of macrophages
leads to a decrease of bacterial load. More specifically, intracellular bacterial load is
diminished from 280.000 to 210.000 and from 170.000 to 100.000 bacteria in wild type and
LysCreAkt1” cells respectively. These results come in support of the notion that ROS
production is important for triggering a quick response to pathogen elimination and that
their absence impedes GBS elimination process.
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Inhibition of NO synthesis impairs Aktl” macrophage capacity to eliminate GBS: (A) Adult and
neonatal Wild Type and LysCreAktl-/- macrophages were pre-treated with autophagy inhibitors DPI
(20uM), Apocynin (50uM), Rapamycin(100nM), 3MA (5mM) and Chloroquine (10uM), 1h before
adding GBS particles at an MOI 1:10. After 2 hours cells were lysed and lysates were diluted and
plated. The intracellular bacterial load was calculated via cfu counting.

3.7 LC3 co-localization with GBS is more evident in LysCreAkt1-/-
macrophages

After the observation that LC3Il protein is increased upon GBS infection in wild type and
LysCreAkt1” macrophages, we seized to address whether GBS co-localizes with the lipidated
form of LC3 upon infection, which would be an evidence of autophagic pathway activation
upon these conditions. For that reason, we performed confocal microscopy experiments,
where we infected adult macrophages with heat inactivated and FITC labeled GBS bacteria
at an MOI of 1:20 for 2 hours. Cells were fixed and stained for LC3Il. TOPRO was used for
nuclear staining. As we can see in the following pictures Fig.12A & 12B, we observe that
LC3Il concentration is high in both cell types, which is mainly attributed to GBS infection.
However, it is evident that in wild type adult macrophages the FITC signal is far more intense
and many more GBS particles are found intracellularly. On the other hand, Aktl depleted
macrophages have significantly less GBS particles in their cytosolic area, which could in fact
be attributed to their increased clearance capacity. Another interesting fact that can be seen
in these pictures but also in Fig 12.C is the fact that when colors are merged we can see that
in LysCreAkt1l”" macrophages but not in wt cells, there is an intense co-localization of red
and green color, which is interpreted as a yellow fluorescence of GBS bacteria. This could be
translated as a similar pattern of LC31l and GBS distribution in the cytoplasmic area. Wild
type cells have only a small number of yellow GBS particles while in Akt1 deficient cells the
majority of GBS is co-localized with red LC3Il. This co-localization may happen due to the
formation of LC3Il vacuoles that surround the pathogen, which is more pronounced in
LysCreAkt1” macrophages.
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Figure 12:

LC3 co-localization with GBS is more evident in LysCreAktl'/' macrophages: Adult LysCreAktl'/' and
WT macrophages were incubated with FITC labeled, heat inactivated GBS particles at an MOI of 1:10
for 2 hours. Cells were fixed with PFA 2% and stained red for LC31l (Rabbit Ant1-LC3 Antibody, NOVUS,
1/200 and Alexa Fluor 555 1/500. Nuclei were stained with TOPRO (1:1000) and coverslips were
observed at Leica Confocal Microscope. (A)Confocal image of Wild Type adult macrophages after 1h
incubation with GBS (FITC) (B) Confocal image of LysCreAktl'/' adult macrophages after 1h incubation
with GBS (FITC) (C) Images of nuclear staining, GBS staining and LC3lI staining of Adult LysCreAkt1-/-
and WT macrophages after 1 hour incubation with GBS.

3.8 LysCreAkt1-/- mice display a lower GBS bacterial load in their tissues
compared to wild type animals

After confirming the benefit of Aktl depletion in adult and neonatal macrophages upon GBS
infection and showing that these macrophages have an increased ability of bacterial
clearance compared to wild type macrophages, we decided to investigate whether this
beneficial phenotype is also replicable in vivo. For that reason we administrated a standard
proportion (5uL NS containing 50.000 bacteria) of GBS bacteria in both LysCreAktl'/' and wt
neonates intranasally, in order to replicate the means of neonatal infection and create a
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model of GBS neonatal pneumonia. The aim of this experiment was to see whether
neonates that lack Aktl expression in their macrophages have a better response and lower
bacterial load in their tissues compared to the wt neonates.

After 18 hours, neonates were sacrificed and certain tissues, specifically blood, lung and
brain, were isolated. All tissues were homogenized, diluted and plated for bacterial cfu
counting. This process leads to the results shown in diagram 13.A, where each animal is
represented as a dot. As we can see each group is characterized by a variation in values.
However, we can see that the blood bacterial load is increased in some wt neonates while it
remains relatively low for all Akt1”" animals. In the case of wild type animals, blood has
either an increased (200-300 cfu) or a decreased (<50 cfu) bacterial load. As far as brain
tissues are concerned, we can see that there is no statistical significance between the two
groups and the bacterial load is relatively low compare (<50) to the other tissues tested.
Finally, lungs of LysCreAktl'/' neonates do display a variation but they have relatively lower
bacterial load compared to wt lungs. However, it is important to mention that this group of
samples is characterized by great variation and therefore the picture is not clear about
whether the bacteria that infiltrated lungs are increased in the case of wt animals. All in all
these data indicate that LysCreAkt1l” neonates have an increased ability of eliminating GBS
and have an all in all lower bacterial load in their tissues but further experiment are needed
for confirming this beneficial phenotype.
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Figure 13

LysCreAktl-/- mice display a lower GBS bacterial load in their tissues compared to wild type
animals: Wild type and LysCreAktl'/' murine neonates (<10d.0.) were intranasally challenged with
50.000 GBS particles and sacrificed after 18 hours. Blood, Brain and Lung tissues were removed
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homogenized and plated for bacterial load estimation (cfu counting). (A) Bacterial load estimation in
Brain, Lung and Blood tissues of murine neonates #, P < 0.05; ##, P < 0.005; ###, P < 0.0005.

3.9 Ablation of Akt1 Kkinase in macrophages does not affect mice survival
upon GBS challenge

In order to address whether the beneficial phenotype of Aktl depletion that is observed in
vitro is also replicable in vivo and assists in a better survival of the corresponding mice, we
performed survival assays in wt and Lys-Cre Akt1”" neonate mice. For the purpose of this
experiment, neonates were challenged with GBS that was injected intraperitoneally. Several
doses of bacteria were used to monitor infant survival. Based on previous bibliography
about GBS infections and survival assays performed in murine models we challenged
neonates with a dose of 250.000 bacteria per animal (Diagram 14.A) and we monitored their
survival during the next days. As we can see in Fig.5a in such doses, both groups had a
mortality rate of 95% and no differences in survival were observed. Assuming that this dose
was immoderate for the pups, we decided to scale down the initial bacterial dose to 1/5
(100.000 bacteria per animal) in order to observe the desired survival difference. Though the
mortality rate was significantly reduced to almost 80% (Diagram 14.B), no statistically
significant differences were observed between the two groups. Finally, a dose of 85.000
bacteria per animal was introduced to pups of the two groups. In spite of the fact that 30%
of animals managed to survive, (70% mortality), no differences in survival rates of the two
groups were noticed (Diagram 14.C). Therefore, we concluded that pups with Aktl
deficiency in their macrophages do not display any benefit in terms of survival, compared to
wild type animals, in higher or lower doses of GBS.
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Figure 14:

Ablation of Aktl kinase in macrophages does not affect mice survival upon GBS challenge: 3-7 days
old wild type and LysCreAktl'/' neonates were challenged with specific doses of GBS bacteria that
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were administrate intraperitoneally. The mortality rate of neonates was documented every 3 hours.
(A) Survival assay in murine neonates after the intraperitoneal administration of 250.000 GBS that
resulted in 95% mortality, (B) Survival assay in murine neonates after the intraperitoneal
administration of 100.000 BS bacteria that resulted in 80% mortality, (C) Survival assay in murine
neonates with a dose of 85.000 GBS bacteria (70%mortality)

4. Discussion

Streptococcus agalactiae (GBS) is a beta hemolytic gram positive bacterium that
asymptomatically colonizes human body. In spite of the fact that it is an important
component of human bacterial flora and is found in almost 30% of adults it is considered as
serious human pathogen that can cause a wide range of health complications.[8] High risk
groups of developing such conditions are the elderly, immunosuppressed and other
individuals that have underlying diseases, pregnant and post-partum women as well as
neonates.[9] Especially in infants GBS has the capacity to cause serious complications, such
as pneumonia, sepsis and meningitis, which are characterized by high morbidity and
mortality rates. [15, 20]Multiple studies have indicated that GBS is the leading cause of
neonatal meningitis worldwide.[20]

Innate immunity is a critical component of neonatal defense mechanisms against
opportunistic infections, mainly because the adaptive immune system is neither mature, nor
trained enough to successfully handle and eradicate them. Macrophages are professional
phagocytes and antigen presenting cells that act both as sentinels to alarm the host
organism and as “exterminators” of invading pathogens. When they recognise foreign
stimuli, via the wide variety of receptors that they possess, they become activated and
trigger downstream signalling pathways that initiate responses towards homeostasis
restoration. Based on their activation state macrophages are categorised as classically
activated M1 and alternatively activated M2 and Aktl kinase is protein that has an
important role in this process.

In the current study we tried to answer whether the absence of Aktl kinase in adult and
neonatal macrophages leads to more efficient responses and an overall better clearance of
GBS, giving that way a survival benefit to neonates. Many studies have established the fact
that Aktl ablation leads to an M1 activation state that provides cells with the ability to
better respond to bacterial infections.

In this context, we sought to investigate whether macrophages isolated from LysCreAkt1-/-
adult and neonate mice have increased bactericidal capacity compared to wild type
macrophages. We clearly demonstrated that macrophage phagocytosis ability is not
modified in the presence or in the absence of Aktl kinase, which means that all neonatal
and all adult cells uptake similar amounts of bacteria, whether they express Aktl or not.
Based on that, we monitored the intracellular killing activity of macrophages upon challenge
with GBS bacteria. Our results revealed that the absence of Aktl expression is sufficient to
confer increased capacity of intracellular clearance upon bacterial challenge. Neonatal cells
do not clear bacteria as efficiently and rapidly as adult cells do. At any given timepoint
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neonatal cells had more intracellular bacteria compared to their adult counterparts and this
difference in bacterial load was more evident in early timepoints. A possible explanation for
this could be the fact that neonatal macrophages are not as trained and alert as adult
macrophages are and that is depicted in their responses against newly introduced stimuli, a
notion that is supported by previous studies.[27]

Adult Akt1” macrophages are indeed much more efficient in eliminating the same load of
intracellular GBS bacteria compared to wild type macrophages, which is attributed to their
M1 like phenotype. [37] What is more, we can see that Aktl” neonatal cells also have a
benefit in terms of GBS clearance compared to their wild type counterparts, since they
manage to diminish bacterial load more rapidly. Though this difference between Akt1” and
wild type cells is more prominent in the case of adult cells, it is also noticeable in neonatal
cells. This means that even in early, neonatal stages, Aktl ablation magnifies the
antibacterial responses and mechanisms of the functionally immature macrophages, which
assist in a more potent clearance of GBS. [37]

Treatment of Aktl-/- and wild type macrophages with specific inhibitors revealed which
components are a prerequisite for GBS elimination. As mentioned above, we noticed that
the inhibition of Nitric Oxide Synthase has a negative impact on Akt1” macrophage
bactericidal activity. This is an indication that iNOS and NO play fundamental roles in
pathogen elimination in these macrophages that display an M1 phenotype and that
oxidative stress participates in the process of clearance.[21] Other inhibitors that had a quite
similar pattern of effect were Apocynin and 3MA. Since, these compounds are blockades of
NADPH Oxidase and PI3K Class Ill kinase respectively, their effect on Aktl”" intracellular
killing of GBS reveals that their targets may be indispensable components in clearance
mechanisms that macrophages utilize to respond to opportunistic infection. Another
important finding of this experiment is the fact that Rapamycin does not affect the
elimination process of GBS. As an mTOR inhibitor this substance mainly impairs canonical
autophagy but does not affect LAP. This result is an indication that may the latter but not the
former pathway participates in GBS clearance process.

Previous studies have proven that M1 macrophages have increased oxidative stress
compared to wild type cells, as they upregulate molecules that participate in production of
ROS and RNS. In our study, we observed that neonatal cells suffered from increased levels of
ROS production upon GBS infection. More specifically, at any given timepoint, LysCreAktl"/"
macrophages have increased ROS concentration compared to wild type neonatal
macrophages and that is easily explained by their M1 profile. However we see that neonatal
cells have all in all more elevated ROS levels than adult cells, which could be explained by
their inability to successfully respond and eliminate GBS stimulus. As a result, neonatal cells
are in a state of stress that leads to the eminent production of ROS that are also utilized in
GBS elimination. Upon the presence of continuous GBS stimulus, Aktl macrophages have
produced great amounts of NO compared to wild type animals that can serve in elimination
of extracellular bacteria. However, when the stimulus is not continuous we see that this NO
overproduction is lost.
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Expression analysis in wild type and Akt1” adult and neonatal macrophages demonstrated a
really interesting finding; the fact that neonatal cells produce incredibly increased levels of
IL10, unlike adult cells where IL10 production is relatively low. This fact is reported by other
studies t00.[27, 52, 89] GBS infection in neonates causes the upregulation of IL10 and in that
way bacteria avoid destruction and subvert defence mechanisms. It was also revealed that
Akt1”" cells a show rapid and elevated increase in Nox2 and Atg5 levels. More specifically,
we saw that when infected with GBS bacteria, Akt1” neonatal as well as adult cells display a
quicker and higher elevation of these two factors compared to their wild type counterparts.
This is an indication that NADPH oxidase and consequently ROS production is an
indispensable part of GBS elimination process. Moreover, Atg5 upregulation in all cells
shows the implication of an autophagic pathway in this process. This finding is in agreement
with our western blot analysis data, which demonstrated that both wt and Akt1”
macrophages increase their LC3Il levels as a response to GBS infection. However, this
phenomenon happens more rapidly in Aktl-/- macrophages. On the other hand, wild type
macrophages display an gradual increase in Aktl phosphorylation upon GBS infection,
indicating that in these cells Aktl activation is an important component for triggering
pathogen elimination. Collectively, these data indicate that the pathway participating in GBS
elimination process utilizes some component of autophagy and that it is rapidly activated in
cells that lack Aktl expression.

Our confocal microscopy data are a first indication that GBS bacteria are sequestered to the
lysosomes via a pathway in which LC3Il protein plays an important role. More specifically,
we can see that in macrophages that lack Akt1l expression this mechanism is upregulated as
less bacteria are found in the intracellular environment of these cells compared to wt
macrophages at the same timepoint. That is indicative of the increased clearance capacity
that Akt1 cells have compared to wt cells. Another interesting finding is that in these cells all
streptococcal particles have characteristic yellow colours, which is due to the co-localization
of the red fluorescence of LC3Il and the green fluorescence of FITC-labelled GBS. This co-
localization is a hint that Akt1” macrophages utilize an LC3Il dependent mechanism for GBS
elimination. On the other hand, in wild type cells LC31l and GBS co-localization is not that
pronounce. Only a small number of the intracellular bacteria are yellow labelled. These data
lead us towards the assumption that macrophages utilize either xenophagy or LAP pathway
to achieve pathogen elimination and based on the fact that this mechanism is more
pronounced in Aktl-/- cells that have increased ROS that mechanism may be LAP. Studies
have revealed many pathogenic organisms that are targeted via these pathways.[81, 84, 86]
However, the current study does not clarify the exact location of bacteria inside peritoneal
macrophages, if they are free in the cytosolic compartment or inside specific vacuoles and
whether these vacuoles have single or double membranes, indicative of xenophagy and LAP
respectively. Therefore, in order to confirm our speculations further experiments, including
Transmission Electron Microscopy have to be performed.

After noticing this difference in responses of wild type and Akt1” neonatal macrophages, we
sought to see the effect of Akt kinase ablation in vivo. Specifically, we performed an
intranasal administration of GBS bacteria in neonates of both genotypes and we estimated
the bacterial load in lung, blood and brain tissues. Our data demonstrated that the blood
bacterial load is higher in wild type neonates and importantly diminished in LysCreAkt1”"
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neonates. However, this difference is not that obvious in lung and brains tissues. A possible
explanation for that could be the fact that in the blood, circulating monocytes do not epress
Aktl kinase and their M1 bactericidal phenotype allows them to fight GBS infections in a
more efficient way. On the contrary, in lungs, tissue resident macrophages are the first cells
employed to fight against GBS. However, studies have shown that tissue resident
macrophages and circulating monocytes differ a lot in terms of expression and thus alveolar
macrophages may still express Akt kinase.[29, 30] Of course it is known that upon
inflammation circulating monocytes infiltrate tissues in order to defend host organism
against opportunistic bacteria, but it is possible that the exploitation of tissue resident
macrophages in neonates that do not differ in the two groups may be the reason why we do
not notice any significant differences in the number of GBS bacteria. As far as brain tissues
are concerned, brain is a highly protected and difficult to penetrate tissue. The blood brain
barrier impedes bacterial penetration and that may account for the relatively low bacterial
load found in tissues of wild type and Akt1” neonates. Maybe a neonatal meningitis model
could shed more light on whether LysCreAktl-/- neonates have any GBS clearance benefit
compared to their wild type counterparts.

Despite the clear benefit that Aktl ablation offers to neonatal macrophages, our data
revealed that upon challenge with GBS wild type and LysCreAkt1l”” neonates have the same
mortality rates. This means that the depletion of Aktl kinase in macrophages does not offer
to neonates any benefit in terms of survival against GBS infections. Since many different
doses of GBS bacteria were tested we concluded that the abolishment of Aktl-/-
macrophage benefits in bacteria clearance is not due to the administration of high doses of
GBS. Indeed, an overwhelming number of bacteria could lead to a saturation and
dysfunction of clearance mechanism that macrophages utilize. Since that is not the case in
our experiments, a possible explanation of this phenomenon could be the increased pro-
inflammatory function of Akt1-/- macrophages. Upon challenge with bacterial stimuli, these
cells produce immoderate amounts of interferons, ROS, TNFa, IL6 etc. [37]The
overproduction of such factors could lead to the establishment of an uncontrollable,
systemic state of inflammation that causes organ dysfunction that can prove lethal for
neonates. To confirm whether this is the case, neonatal blood and serum have to be tested
for the levels of these factors and whether they are increased in Akt1l mice.

Taken together, the data of the current study revealed that Aktl macrophages handle GBS
infections in a more efficient way compared to wild type cells. Aktl ablation seems to be
also beneficial for neonates as it makes macrophages exhibit an increased bactericidal
activity, limits the disarming of responses that GBS causes and makes them more potent in
fighting against opportunistic infections. The mechanisms by which GBS is eliminated are
highly dependent on ROS production and pro-inflammatory cytokine upregulation. Our
results also demonstrated that components of autophagic machinery are critical for GBS
clearance process and that in Aktl macrophages its initiation is rapid. Though our in vivo
experiments indicated that this beneficial effect is not that evident in these processes,
further experiments have to be performed to elucidate the phenomena that occur in vivo in
wild type and LysCreAkt1” neonates after GBS infection.
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As future perspectives, it will be essential to explore in detail the pathway utilized for GBS
destruction and the exact components that participate in this process in adult as well as in
neonatal macrophages. It is also important to clarify the mechanisms that make it GBS
elimination more prominent upon Aktl depletion and the pathways and the proteins that
may have an increased activity under such conditions. Finally, we desire to shed light on
whether these mechanisms are deficient in neonatal stages and the reason why this
happens and based on that to address whether blockage of Aktl kinase will offer any
functional advantage to neonatal macrophages. The answers to these questions will address
whether Aktl kinase is a prominent target for the development of drug that will specifically
inhibit this kinase and will manage to preven
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