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1 Introduction

1.1 Neutrophil granulocytes
The function of the immune system in the body igtovide proper defence mechanisms

against invading pathogens. The protection staitis surface barriers which comprised of
mechanical, chemical and biological barriers. Clapposition of epithelial cells in the skin
provide the mechanical barrier. By the productidnvarious enzymes and anti-bacterial
peptides or other substances, the surface bag#triats propagation of the pathogens. For
instance the low pH environment of the stomach taaied by the production of gastric acid
limits the multiplication of pathogens. When patbog are successful in evading the defence
of surface barriers they are encountered by inimataune system. The immune system
consists of innate and adaptive immune compondtdsymorphonuclear neutrophils and
macrophages are the cells of the innate immunersyst

Haematopoietic cells of the bone marrow are theysesr of neutrophil granulocytes which
undergo various morphological stages during maturand differentiation. In the absence of
infection 1-2 x 16" neutrophils are produced per day. However infect&ads to a 10 fold
increase in the production of neutrophils (Savillak, 1989). One of the characteristic
features of neutrophil granulocytes is spontaneqagptosis. Alterations of this tight process
could cause havoc to the system. PMN are recraitetie site of infection and efficiently
eliminate the pathogens with their specialised ofimidal mechanisms. The intracellular
killing of the pathogens within the neutrophil oc@ither by oxygen dependent mechanisms
or by oxygen independent mechanisms. During oxygatependent Kkilling, various
bactericidal proteins and peptides are released fh@ granules which disrupt the integrity of
the pathogen membrane. Oxygen dependent kilinghamesm is carried out by the
generation of toxic reactive oxygen species (ROS8jchv kill the pathogen by oxidising
proteins, nucleic acids and other molecules. Ingmpate phagocytosis leads to the release of
toxic materials to the surrounding environment Whidtimately results in collateral tissue
damage. It has been delineated that human and enogatrophils express MHC class I
antigens which suggests their potential role ingant presentation (Culshaw et al., 2008;
Sandilands et al., 2005). However, further studiesneeded to define the role of neutrophils
as antigen presenting cells. Neutrophils are divad cells. They die within 10-24 hours after
leaving the bone marrow. However, exposure to pflaanmatory cytokines at the inflamed
site or infection with intracellular pathogens extehe short life span of neutrophils (Aga et
al., 2002; Cicco et al., 1990; Kettritz et al., 829
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1.2 Apoptosis

Apoptosis is the outcome of a genetically contblteeath programme of a cell. The term
apoptosis was introduced first in 1972 with a dgsion of particular morphological aspects
of cell death (Kerr et al., 1972). However, the mimaenon of a cell death programme was
first evident in 1890 when William Councilman debed the vacuolated acidophilic bodies
in liver tissues of yellow fever patients (Thomps@895). In recent years, several attempts
have been made to redefine the term apoptosis.rdicgpto these views apoptosis is a type
of cell death which starts with rounding up of thell, reduction of cellular volume,
condensation of chromatin, fragmentation of thelews; no or little change in ultra structure
of internal organelles and finally the blebbingtbé plasma membrane but maintaining the
integrity of the membrane (Melino et al., 2005)eWRously it was thought that apoptosis is
only associated with activation of different cysiaspartic acid proteases (caspases) which
cleave intracellular proteins resulting into apajstanorphology. However, recently it has
been shown that apoptosis can occur independerdspiase activation (Barbier et al., 2009;
Bras et al., 2007). Indeed, 11 different types editd programmes have been reported so far
(Melino et al., 2005). According to the new view ajfoptosis, caspase activation has been
defined as an apoptosis associated caspase amti@ioemer et al., 2005). In fact both
caspase independent and dependent apoptosis progemenerate similar morphologic
appearances like phosphatidyl serine flippage ettlter leaflet of the plasma membrane or
condensation of the chromatin and fragmentatiothefDNA. However, these two apoptotic
programmes differ only at the point of enzyme atton. During caspase independent
apoptosis, instead of caspases, calpains are t&ctidelino et al., 2005).

With the progression of apoptosis, the nuclear lapeedisassembles, chromatin condenses
and the DNA breaks up into nucleosomal fragmenth wilength of 180 base pairs.“Cand
Mg** dependent endonucleases were suggested for thasinleosomal cleavage (Wyllie,
1980).

Besides the change of the chromatin and mitochahdriembrane potential, the cell
membrane also starts to bleb which generates smpdiptotic bodies containing
morphologically intact organelles. These bodiescatked apoptotic blebs. In the late phase of
apoptosis, the blebs are ingested by phagocytegnietric distribution of phospholipids is
observed in plasma membrane where choline contplipids, phosphatidyl choline (PC) and
sphingomyelin are concentrated on outer leafletredme aminophospholipids, phosphatidyl
serine (PS) and phosphatidyl ethanolamines (PE)pegsent in abundance on the inner

leaflets. Loss of phospholipids asymmetry and apgmez of PS in the outer leaflet of the
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plasma membrane were found in connection with agsiptstudies (Fadok et al., 1992;
Mower et al., 1994; Schlegel et al., 1993). Thespnee of PS in the outer leaflet of plasma
membrane is considered as an early marker for apispfVermes et al., 1995; Zhang et al.,
1997). Flipping of PS molecules from the inner letadf the plasma membrane to the outer
leaflet occurs due to the decreased function of -A€pendent amino phospholipid
translocase and calcium dependent activity of mmecific lipid scrambles (Verhoven et al.,
1995).

The programme for apoptosis is genetically regdlale contrast the necrotic type of death is
not genetically controlled but rather accidentadchtic death is characterised with swelling
of the cell, digestion of chromatin, disruptiontbé plasma membrane and the membranes of
the organelles, which leads to the release of tmaterials in the surrounding milieu. The
necrotic death is detrimental to the body sinckeads to inflammation and tissue damage.
Death programme for apoptosis is a naturally setegrocess in the course of evolution
which is beneficial not only for maintaining the rheostasis but also to restrict pathogen

propagation by eliminating infected cells from thaly.

1.2.1  Types of apoptosis
During apoptosis, cells undergo various complexchmnical programmes. There are two

distinct pathways by which apoptosis can be irgtdatThese two signalling pathways are
called extrinsic or death receptor mediated apdptsd intrinsic or mitochondrial apoptosis.
These two pathways mainly converge in the activatibintracellular caspases which cleaves
the intracellular proteins and leads to apoptosis.

1.2.1.1 Extrinsic or death receptor mediated apoptis
The death receptor mediated apoptosis initiatéiseaplasma membrane after ligation of pro-

apoptotic ligands with specific receptors. For amsie, ligation of TRAIL/Apo2L with the
death receptors DR4 or DR5 or ligation of CD95/Fasth the FAS/CD95 receptor triggers
apoptosis. Death receptors belong to the tumoutoeescfactor (TNF) receptor super family
which includes FAS (CD95 or Apo-1), TNF-receptoNH-R1), death receptor -3 (DR3 or
TNF receptor related apoptosis mediating proteRANP) or Apo-3), TNF related apoptosis
induction ligand receptor-1 (TRAIL-R1 or DR4), TRAR2 (DR5 or Apo-2), and DR6 (Pitti

et al., 1996; Smith et al., 1994). Among theseeddht receptors the best characterized death
receptor is FAS or CD95. FAS receptor contains taptgsmic death domain (DD) which

upon interacting with another adaptor protein, FasSociated death domain (FADD), forms
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the death receptor induced signalling complex (DI@oldin et al., 1995; Chinnaiyan et al.,
1995). Additionally, FADD contains a death effectdomain (DED) which recruits
procaspase-8 bound with DED into the DISC. Upoatign of FAS with the FAS receptor
procaspase-8 become proteolytically cleaved amiiddhe active caspase-8 which then acts

on downstream caspases and leads to the apoptosigk and Tschopp, 2003).

1.2.1.2 Intrinsic pathway of apoptosis
The intrinsic pathway of apoptosis is also calleel mitochondrial apoptosis pathway. Loss of

mitochondrial membrane potential has been chaiaeteas one of the important sub routine
in the cell death programme. Whenever the membpatential is lost, cytochrome C is
released into the cytoplasm from the intermembsgpaee of mitochondria. This initiates the
subsequent down-stream signalling. Reports suggest mitochondrial permeability
transition pore (PTP) is formed at the contactssibetween inner and outer membranes
(Garrido et al., 2006). In addition to cytochromgeather proteins like AlF, Smac/DIABLO,
endonuclease G and HtrA2/Omi are also released frotachondria which augment the
apoptotic process. Released cytochrome C oligoe®nzth apoptotic protease activating
factor-1 (Apaf-1) and forms the apoptosome whictruiés the seven dimers of caspase-9.
Caspase-9 is catalytically processed and subsdywivates caspase-3 which finally leads
to apoptosis (Acehan et al., 2002). Upon activattomg with cytochrome C both AIF and
endonuclease are released from the mitochondriagranslocate to the nucleus. This triggers
the fragmentation of DNA and condensation of chrimand ultimately leads to apoptosis
(Suzuki et al., 2001).

The central players of the mitochondrial pathwaypbptosis are the Bcl-2 family proteins
which were discovered from B cell lymphoma 2. Tamily comprises both, pro-survival and
pro-apoptotic proteins. Mammalian cells contairefuistinct types of pro-survival proteins
namely Bcl-2, Bcl-x Bel-w, Mcl-1 and Al and the function of theses pin$ antagonize by
the pro-apoptotic proteins Bak and Bax. The proagapBcl-2 member Bax translocates to
the mitochondria, oligomerizes, binds to Bak anereby forms the mitochondrial apoptosis
induced channel (MAC). The formation of MAC is fitaited by Bid, and this leads to release
of cytochrome C in the cytosol (Dejean et al., 2006

A member of the anti-apoptotic group of the Bcla@nily is Mcl-1 which was cloned from
myeloid cell line ML-1. This protein has very shdralf life subjected to proteasomal
degradation. Stabilization of Mcl-1 prevents theotpsis simply by preventing the

cytochrome C release by a complex way of regulativeg activation of the cascade. This
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transient protein is tightly regulated at multidievels during transcription. Besides the
transcriptional control, Mcl-1 has been found toregulated at translational as well as post
translational level. The protein contains multig#es for phosphorylation. Differential
phosphorylation at TAf as well as Thr®® by (ERK1/2) extends the half life while the
phoshorylation by GSKBat Ser*® accelerates the turnover rate. PhosphorylatioR$K
and Akt inhibits the GSKB phosphorylation. Release of cytochrome C is therakstep in
intrinsic pathway of apoptosis regulated by Bclr@tpin family. Pro-apoptotic factor Bax and
Bak has been reported to be responsible for foonaif pore on the mitochondrial membrane
but in survival conditions the anti-apoptotic piote of the Bcl-2 family do not allow to
activate Bax as well as Bak. During survival coiodif Mcl-1 functions as anti-apoptotic
protein by sequestering the pro-apoptotic proteak Bom the mitochondrial membrane and
preventing the oligomerization. But upon receivihg apoptotic signal, BH3 only proteins
displace the Mcl-1 from Bak which leads to oligoinerBak on the outer membrane of
mitochondria, forms the channel and thereby rel¢lasecytochrome C. Mcl-1 also prevents
the oligomerization of Bax by heterodimerizing widictivator BH3 only proteins which
includes tBid, PUMA, and Bim. Whenever the cell ewes apoptotic signal, Mcl-1 is
displaced from the activator protein groups by phetein NOXA. Activator proteins then
allow the Bax to insert into the outer mitochonbdn@ambrane, oligomerize and form pore
which finally leads to cytochrome C release (Fiy).(Clohessy et al., 2006; Willis et al.,
2005).
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Fig. 1 Mcl-1 regulates the cytochrome C releaséddcl-1 plays two main roles in the cellular apop$osi
machinery. Mcl-1 can functions as an antiapoptéditor by remain bound with Bak on the outer
mitochondrial membrane (OMM). However, when apdptsignals are received, specific BH3-only
proteins can displace Mcl-1 from Bak leading to Béigomerization and cytochrome c release from
mitochondria. Mcl-1 can also display its pro-sualifunctions by heterodimerizing with activator
BH3-only proteins including tBid, PUMA and Bim. Bpoptotic conditions, NOXA displaces Mcl-1
from these activator binding partners. Then, BitdMA and tBid can interact with Bax causing its
insertion into outer mitochondrial membrane, oligmimation and cytochrome C release (adapted
from Akgul C, 2008).

A common link between two pathways of executiopbptosis is activation of downstream
caspases. Signalling via FAS activates the caspagaich in turn activates the downstream
effector caspases by cleaving caspase-3 (Stenmitksd., 1998). Another molecular link
between the death receptor and the mitochondridiwagy is cleavage of cytosolic Bid, a
member of BH3 only domain containing subgroup of-Bdamily, by caspase-8 (Li et al.,
1998; Luo et al., 1998). Whenever cytochrome Ceisased, the electron transport chain of
the mitochondria is disrupted which results inte trop in ATP production. In the presence
of cytochrome C in the cytosol, caspase recruitrdentain (CARD) of Apaf-1 binds with the
CARD domain of caspase-9 which forms the complexp&gsome. The apoptosome
associated caspase-9 activates downstream caspaskmg in apoptosis (Li et al., 1997). A
variety of growth factors like IL-8, IL-6, GM-CSkd G-CSF delays the neutrophil apoptosis

by various signalling mechanisms.
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Fig. 2 Partial overview of the two main apoptosis »ecution pathways and survival signalling
pathways. The death receptor pathway is triggered by membgtke death receptor super family.
Binding of CD95 or TNk leads to the formation of death inducing signglloomplex (DISC). The
complex recruited via fas associated death donfakD) and multiple procaspase-8 results into
caspase-8 activation. The mitochondrial pathwagggilated by Bcl-2 family members. Both pro and
anti-apoptotic members of the Bcl-2 family act la¢ surface of the mitochondria and regulate the
release of cytochrome C into the cytosol. Releastaichrome C binds Apaf-1 which then associates
with procaspase-9 and forms the apoptosome complex.apoptosome activates the downstream
caspase-3 which finally leads to the apoptosishBdthe pathways converge at the level of caspase-
3. PI3K/Akt and MAPK are the two major survival sas which regulate the apoptotic process by
regulating various members of apoptotic cascade Jurvival signals also trigger the release of
various proinflammatory cytokines via activating-#{B which can prevent the apoptosis.

1.3 Survival signalling pathways
Apoptosis is an intricate death programme execaittebr by intrinsic or extrinsic pathways

after receiving the signal for apoptosis therebyntaéns the homeostasis. Survival signals, on

the other hand, perturb the pathways and inhileitajhoptosis cascade. Signalling via kinases
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like phosphatidyl insitol 3 kinase (PI3K), mitogantivated protein kinase (MAPK), inhibit
the apoptosis by various mechanisms. Recentlyggthieen reported that deactivation of Akt
is correlated with neutrophil apoptosis (Zhu et &006). This observation shows that
signalling via PI3K/Akt is important in delayingdhapoptosis. Activation of PI3K/Akt has
been shown to inhibit the apoptosis in a varietgaricers cells (Dubrovska et al., 2009; Lee
et al., 2008; Naughton et al., 2009). Apoptosis delayed via MAPK pathway in neutrophils
exposed to LPS (Sheth et al., 2001). Activationp88 MAPK has been shown to delay
apoptosis in neutrophils whenever infected withrdracellular pathogen (Choi et al., 2005).
Another important survival pathway is nuclear fadtappa B (NF«B). Activation of NFKB
controls the transcription of many survival gendésaoti-apoptotic members of the Bcl-2
family which in turn regulate the release of théochrome C and apoptosis. Various growth
factors and cytokines have also been shown to iinthie apoptosis in different cell types
including neutrophils (Cowburn et al., 2002; Dumicat al., 2000; Kettritz et al., 1998;
Lindemans et al., 2006). All these factors modutate apoptotic programme of the cell at
various steps regulating the survival pathways shgwhat survival pathways are upstream
of the intrinsic apoptotic cascade and signallirggthese pathways indeed dictates the cell’'s
fate. These survival pathways can be divided iwo groups namely, the PI3K/Akt pathway
and the MAPK pathway. Both of the pathways can lsguhe NF«B signalling which also

regulates the apoptosis.

131 PI3K/Akt pathway
Signalling via PI3K/Akt is one of the crucial pathys which controls a variety of cellular

functions including apoptosis. PI3K has severafogus. Originally PI3K enzymes were
defined on the basis of their ability of phosphatiylg different phosphoinositide subtrates at
3 position of the inositol ring (Cantley, 2002). g@ading on the structural and functional
homologies, these enzymes are grouped into thieesty, 11 and 1ll. All these forms have
structural homology at their lipid kinase domaingtee catalytic subunit but they differ at
their regulatory domains. Binding of various stinike growth factors and hormones to cell
surface receptors activates PI3K which then phaspdtes phosphatidyl inositol bis
phosphate (Ptdins(4,5)P and synthesizes phosphatidyl inositol tri pho$pha
(PtdIns(3,4,5)B). Ptdins(3,4,5)P has been shown to inhibit apoptosis in various typles
(Gagnon et al., 2001; Oganesian et al., 2003). a&na of Ptdins(3,4,5recruits the
protein kinase B (PKB) to the membrane which isstdered to be the major target of PI3K.
Phosphorylation and activation of PKB depends uperbinding of Ptdins(3,4,53Ro the pH
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sensitive domain of the PKB. Both PtdIns(3,453Rd Ptdins(4,5)Pcreate a highly complex
signalling cascade downstream of PI3K. PI3K regdgtroliferation, growth and survival
mediated by PKB, the downstream molecule of PI3Kvwkins et al., 2006).

Protein kinase B (PKB) or Akt is a serine/threonpmetein kinase which is considered to be
the central regulator of cell growth, survival goliferation. Three different isoforms have
been reported till date (Song et al.,, 2005). Stmattstudies revealed that PKB/Akt is
comprised of 3 different domains a conserved domaiin a specific pH domain, the central
kinase domain and the carboxy—-terminal regulatoomain. The carboxy domain is
responsible for the interaction with other sigmegjlimolecules whereas the pH domain
interacts with PtdIns(3,4,5)Pand becomes activated. Akt was originally cloned am
oncogene in the transforming murine leukemia vi(Gsaal et al., 1977). The human
homologue of akt oncogene, Aktl and Akt2, were etbnn the primary human gastric
adenocarcinoma indicated the importance of akhéndevelopment of human malignancies
(Staal, 1987). Activation of Akt depends on the gphtwrylation of the kinase. Akt has two
phosphorylation sites; serine 473 and threonine 808 activation of Akt depends on the
phosphorylation of both molecules but phosphorgtatif Set”® depends on phosphorylation
of ThP® Phospho-inositide dependent kinase (PDK1), ancthene/threonine dependent
kinase, has been shown to regulate the phosphiorylat Akt at ThF°®. PDK1 also contains a
pH domains similar to Akt. Phosphorylation of Pl3j¢nerates Ptdins(3,4,%)®hich then
binds to the pH domain of PDK1 as well as PKB résglin the phosphorylation and
activation of PKB. Activated PKB, thereby, regutaultiple functions of the cells (Song et
al., 2005).

PKB has been shown to regulate the apoptosis dithelirectly controlling members of the
apoptotic cascade for instance BAD, caspase-9 ocdmyrolling the transcription factors
responsible for pro-anti apoptotic genes or by laqg the metabolism steps of the cells. In
the presence of cytochrome C in the cytosol, Apafrids the CARD domain of caspase-9
and forms the apoptosome. Upon activation, Akt phosylates caspase-9 at serine residue
196 (Set”® and attenuates its activity (Cardone et al., JOBAD has dual role in the
apoptosis. Bound to other members of BH3 only pmofgmily it promotes the activation of
Bax and thereby allows Bax and Bak to translocatitié mitochondria leading to the release
of cytochrome C which results into apoptosis. Hogreyphosphorylation at serine residue
(Ser?®® by Akt releases from its Bcl-2 bound protein graand remains bound with 14-3-3
adaptor protein in the cytosol and thus preventpegsis (Datta et al., 1997).
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The calcium independent but PS/DG dependent noeétip kinase C delta (PK has been
shown to regulate apoptosis. PKC is a translogadtein and the translocation is considered
as the activation of the protein. In non-activagtadte PKG@ remains at the cytosol. Upon
activation it translocates from the cytosol to flasma membrane. Recent finding showed
activation of PK@ prevented apoptosis in IBNtreated neutrophils (Wang et al., 2003).
Another recent report shows that PK€n be activated in TNRreated neutrophils via PI3K

pathway which prevents the neutrophils apoptosipéitick et al., 2006).

1.3.2 MAPK pathway
Besides the PI3K/Akt pathway, the MAPK pathway emsidered to be the second route in

terms of cell survival signalling. Five differenarhilies of MAPK have been reported in
mammalian cells so far. These are the extracellsignal regulated kinase (ERK1 and
ERK2), JUN-N-terminal kinase (JNK1, JNK2, JNK3)etp38 MAPK family (p38, p383,
p38y, p38), ERK3/ERK4 and ERK5 (Qi and Elion, 2005). Amorige tabove mentioned
members of the MAPK family ERK1/ERK2 and p38 MAPKeng found to inhibit the
apoptosis (Choi et al., 2005; Wang et al., 200t&@ng et al., 2003b). While signalling via
JNK induces apoptosis (Kepp et al., 2009), ERKXmmwtes the cell survival by regulating
the Bcl-2 family proteins. BIM, a BH3 only proteiaxpressed in connection with apoptotic
signal like cytokine withdrawal. BIM binds to theopsurvival protein Mcl-1 and thereby it
releases the BAX and BAK which then insert into thter membrane of the mitochondria,
oligomerize, form the MAC and ultimately lead tde@se of cytochrome C. Expression of
BIM is dependent on another pro-apoptotic moleda@XO3A (Fu and Tindall, 2008).
ERK1/2 prevents the FOXO3A dependent expressioBlf by phosphorylating FOXO3A
which is then destined to proteasomal degradaBdl. is expressed in three splice variants;
short (BIMs), long (BIM.) and extra long (BIM.) among which BIM, is the most abundant.
ERK1/2 phosphorylates the BEViwhich leads to dissociation of Biylfrom its pro-survival
protein, Mcl-1 and subsequently, targets for degiad.

Another BH3 only protein of Bcl-2 family, BAD, prootes cell death upon binding with Bcl-
XL which alters the membrane potential of mitochamtkads to the release of cytochrome C
and finally results in apoptosis. However, uponergag survival signals BAD becomes
phosphorylated and released from Bgcland subsequently targeted for poly-ubiquitination
and proteasomal degradation. BAD has three phoglaion sites, Sét? Sef*® Sef*> Akt
has been shown to phosphorylate BAD at 8eesidue.The event triggers the release of BAD

from the Bcl-x and facilitates the binding to 14-3-3 adaptor @irotin the cytosol (Datta et
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al., 1997). Ribosomal protein S6 kinase (RSK) artbgen and stress activated kinase 1
(MSK1), the substrates of ERK1/2 and p38 MAPK, musylate BAD at Sél? thus
enhances the sequestration of BAD by 14-3-3 proftosphorylation on its third residue is
facilitated by the dual phosphorylation of 88andSer*® and this is catalysed by another
kinase, cCAMP dependent protein kinase A (PKA) (Bagtral., 1999). Inhibition of ERK1/2
with MEK inhibitor showed increased in BIM and BABvels in cancer cells which results
into apoptosis of the cells (Wang et al., 2007b).

Mcl-1, an anti-apoptotic member of the Bcl-2 familglays a crucial role in regulating
apoptosis. It prevents the MAC formation on theoctiondrial membrane by preventing the
translocation and oligomerization of BAX and BAKdathus inhibits apoptosis. This protein
contains a PEST sequence which is present in ogbheteins which are destined to
degradation. Indeed, Mcl-1 has a very short h#df lindergoes proteasomal degradation after
phosphorylation and subsequent poly-ubiquitinatibitl-1 has two phosphorylation sites,
Ser®® and Tht® It has been reported that ERK1/2 stabilizes tfee dpan of Mcl-1 by
directly phosphorylating it at THY. However, some reports claim that the phosphaoylat
Thr'®® facilitates the phosphorylation of the second desi Sel*® which is catalized by
GSK33, but activation of GSRK is regulated by the RSK, the direct substrate RKE?2, as
well as by PKB (Balmanno and Cook, 2009). Theref&BK1/2 regulates the intrinsic
pathway of apoptosis at various steps. Among thelbees of the MAPK kinase family, p38
MAPK also plays an important role in regulating pmsis. It has been shown that p38
MAPK could phosphorylate the pro-apoptotic BAD ar'&residue which allows BAD to be
sequestered into the cytoplasm by the adaptor ipra#e-3-3 and prevents the apoptosis by
maintaining membrane potential of mitochondria (Sdteal., 2002). Caspases are the
executers of apoptosis for both intrinsic and esid pathway. Activation of p38 MAPK has
been shown to regulate the activity of caspase-8vel as of caspase-3 (Alvarado-
Kristensson et al., 2004). It has also been ddkethat p38 MAPK works co-operatively
with ERK1/2 and regulates the growth factor indugedliferation of haematopoietic cells
(Rausch and Marshall, 1999). LipopolysaccharideS)LfPeatment has been found to extend
the life span of neutrophils and activates the 28K (Nick et al., 1996). LPS is recognised
by the pattern recognition receptor TLR4 and atdisdNFkB in various cell types including
neutrophils (Choi et al., 2003; Kim et al., 200 et al., 2007). The pro-survival function of
p38 MAPK is related to the activation of NB. Activation of p38 MAPK works in
association with ERK1/2 to control the phosphoiglatand subsequent sequestration of BAD
from its Bcl-x_ group.



Introduction 12

1.3.3 NFxkB as a survival signal
Members of the NkB transcription factor family contain specific DN#nding sequences,

known askB elements, by which they bind to DNA and therelmguce or repress
transcription of several genes. In mammalian celle, NFkB family is comprised of 5
members, RelA, RelB, c-Rel*¥#p'® (NF«B1) and p¥p'® (NF«B2). In the cytoplasm NF-
KB remains inactivated by the association to théitdr of nuclear factokB (IkBs) (Hayden
and Ghosh, 2004). The activation of MB-is carried out in sequential steps BB lkinase,
the IKK complex, which phosphorylatexB, subsequently degradexBl by poly
ubiquitination. This leads to the release of botikdkB from the complex and facilitates its
nuclear translocation where it regulates the tnapison of several genes including the genes
that controls apoptosis. Activation of NdB- has been shown to be regulated by the PI3K/Akt
pathway in fibroblast cells (Choi et al., 2004; Gawn et al., 2004; Romashkova and
Makarov, 1999). It has been noticed that the usspetific inhibitors of ERK1/2 as well as of
p38 MAPK blocked the activation of NKB suggesting the role of ERK1/2 and p38 MAPK
in the regulation of NB (Kim et al., 2008). The IKK kinase complex, whiclrectly
regulates NFB, contains two homologous kinase subunits #Klknd IKKB and the
regulatory subunit IKK. IkB proteins are comprised of three functional grougsely kBa,
IKBB, IKBy. After stimulation by various factors includingopinflammatory cytokines, they
undergo proteasomal degradation by the action &f kihase complex. Activation of NkB

is associated with the induction of pro-inflammstarytokines, chemokines, adhesion
molecules, and various stress response gene&BNfanctions as a important regulator of
apoptosis controlling members of the Bcl-2 famhyng et al., 2008; Riedemann et al., 2004;
Stehlik et al., 1998; Takase et al., 2008).

Infection induced inflammation is associated witcruitment of leucocytes which are
responsible for destroying the invading pathogéviest of the infiltrate cells are mostly
neutrophils in the acute phase of infection. It hasn found that the life span of neutrophils
is extended at the sites of inflammation becausehef presence of pro-inflammatory
cytokines. Release of several pro-inflammatory kiytes has been found to regulate the life

span of neutrophils by activation of NdB.

1.3.4 Interleukin-8
The CXC chemokine, interleukin-8 (IL-8), releaseg & variety of cell types including

neutrophils, was first purified from the culturepsunatants of lipopolysaccharide stimulated

mononuclear cells and described as a neutrophrhoteetic factor (Matsushima et al., 1988;
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Yoshimura et al., 1987). Like other chemokines8Ibinds to G protein coupled receptors
(GPCR). Among all four chemokine subgroups nameffCCCC, CXC and C chemokines,
IL-8 is classified in the CXC subgroup. Based upoan systematic nomenclature, IL-8 is also
called CXCL8. Mature IL-8 contains 72-77 residudsamino acids. Several cell types
including both leukocytes (monocytes, T cells, Ndl& and the neutrophils) and non
leukocytes (fibroblasts, epithelial cells) can proe IL-8. In neutrophils preformed IL-8 is
rapidly released upon stimulation. The releaseLe8 kan be induced by pro-inflammatory
cytokines, intracellular infections, bacterial puots (LPS) etc.

Induction of IL-8 is associated with NEB activation. Treatment with TNFinduces IL-8
from neutrophils via NRB activation (Cowburn et al., 2004).

IL-8 has been observed to bind to two distinct pémes namely CXCR1 and CXCR2. Upon
binding it activates the receptor coupled; @roteins which then activate PI3K which in turn
generate PIP3 from phospholipas@ @nd activates Akt. Besides the activation of PR/
pathway, IL-8 has been shown to activate MAPK all as2ERK1/2 in neutrophils (Knall et
al., 1996). IL-8 drives the transmigration of negtnils into the tissues. In addition it activates
various functions of neutrophils like degranulatiand mounting oxidative burst. Since
neutrophils produce IL-8, IL-8 acts as a feed Hadp to attract new neutrophils to the site of
infection. IL-8 has been found to delay neutrophpeptosis (Kettritz et al., 1998).

1.3.5 Interleukin-6
Interleukin-6 (IL-6) is a cytokine which has bothtiainflammatory and pro-inflammatory

properties. This cytokine was discovered in 198@ &scell stimulating factor (BSF) later on
named IL-6. Since IL-6 has a wide range of funcioso initially it was also called with
different names according to the research intedsise laboratories. For instance IL-6 has a
strong stimulatory effect on growth of murine plagytoma and human myeloma. That is
why it was referred as hybridoma plasmocytoma gnofattor and hepatocyte stimulating
factor (Kishimoto, 2006). IL-6 is a pleiotropic okine which can regulate the antigen
specific immune responses and inflammatory respornse well. IL-6 regulates the
proliferation and development of thymic T cells.n8ygistically acting with IL-3, it controls
the formation of blast T cell colonies and differation of macrophages and megakaryocytes.
For a long time it was not certain whether IL-6réteased by the neutrophils but several
reports clearly show that neutrophils also reldase (Cicco et al., 1990; Lindemans et al.,
2006). Glycoprotein 130 (gpl130) is the central playhich serves as a plasma membrane

receptor of IL-6. There are two types of receptow®lved in the recognition of IL-6. These



Introduction 14

are non-signalling receptors (IL-6M, IL-11Ra etc) and signal transducing receptors (gp130,
oncostatin M receptor (OSMR) and leukemia inhilyittactor (LIF)). Upon binding to signal
transducing gp130 receptor IL-6 activates the JAKXE pathway. Apart from JAK-STAT
signalling it also activates the MAPK pathway. Tipio-inflammatory cytokine has been
found to prevent apoptosis in the late stage aftate cancer by stabilizing Mcl-1 (Cavarretta
et al., 2008). Exposure to IL-6 also delays spaas apoptosis of neutrophils (Kuo et al.,
2001; Lindemans et al., 2006).

1.4 Modulation of constitutive apoptosis of neutrofils
Transmigration of leukocytes to the inflammatore 36 a characteristic defence mechanism

in order to limit the propagation of pathogens. Awmothe early infiltrating leukocytes
neutrophils predominate. Acute inflammatory resgsnare resolved by progressive decrease
of recruiting cells, followed by the removal of gpotic infiltrate cells by macrophages
(Witko-Sarsat et al., 2000). The hallmark of nephib biology is its spontaneous apoptosis
within 10-24 hours after leaving the bone marroweir life span however, can be extended
in the inflamed tissues or upon infection with magéns. Neutrophils have a typical nuclear
morphology with multiple lobes joined with interlaollar connections. Apoptotic neutrophils
represent a variety of morphological charactesstlike cell shrinkage, condensation of
chromatin and loss of interlobular connections (Gom et al., 2002; Moulding et al., 1998;
Savill et al., 1993). Rapid randomization of asyrtmmedistribution of phosphatidyl serine
(PS) is a ubiquitous feature of apoptosis in all gges where PS flips out from the inner
leaflet of plasma membrane to the outer leafletogtptic neutrophils also have PS exposed
on their surface(Homburg et al., 1995). Among saverolecules used for the recognition of
apoptotic cells by the phagocytes, PS holds tlumgtrExternalisation of PS not only leads to
the recognition of apoptotic cells by phagocytes ddso provides a convenient method for
detecting apoptotic cells even at early phase ap@gsis by using fluorescent labelled
annexin-V which specifically binds to PS (Vermes &, 1995). Apart from the
externalisation of PS, downregulation of immunoglab super family receptors like CD31,
CD50, CD66a, CD66b, CD66¢c, CD66d, CD66€e,CD63, CBX&T other cell surface receptors
(e.g. CD15, CD16, CD32, CD35) was observed durggnophil apoptosis (Dransfield et al.,
1994; Homburg et al., 1995). It has been obserkatineutrophil apoptosis is delayed at the
inflammatory foci. For instance it has been repbtteat the inflammatory cytokines IL-1, IL-
2, IFNy, G-CSF and GM-CSF prolong the life span of neutiisp(Akgul et al., 2001). IL-8,

the prototype of the CXC chemokine family, preveap®ptosis of neutrophil granulocytes
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induced by FAS and TNF-receptor mediated pathwastt(kz et al., 1998; Leuenroth et al.,
1998). TNF performs a dual role in regulating neplvil apoptosis. Treatment with TNF
revealed a biphasic effect. At early hours of iratidn (4-6 hours) it behaves as a pro-
apoptotic while at late hours (24 hours) it intshihe apoptosis (Dunican et al., 2000). Some
recent reports show that Thnediated neutrophil survival is mediated by thgkPAkt, p38
MAPK, as well as ERK1/2 pathways, which involve fireduction of IL-8 (Cowburn et al.,
2004; Kilpatrick et al., 2006). IL-6 has been foundorolong the neutrophil life span via the
PI3K-NF«B pathway where the pro-survival Mcl-1 is stabilizand thus prevents the
subsequent steps of apoptosis (Lindemans et d&6)2@everal reports show that GM-CSF
delays the life span of neutrophils via the PI3K/Akthway.

LPS, one of the important components of outer mamdrof Gram-negative bacteria, also
suppresses the neutrophil constitutive apoptositiafp via the PI3K/Akt and ERK1/2
pathways (Klein et al., 2001). A number of intrdwlelr pathogens delay the spontaneous
apoptosis of granulocytes. It is believed thataogétlular pathogens adopt this strategy in
order to fit better in the intracellular niche. Reatory syncytial virus inhibits apoptosis by
activating PI3K/Akt and NFReB pathwaysAnaplasma phagocytophilum, Leishmania major,
and Chlamydia pneumoniae inhibit the spontaneous apoptosis of neutrophilga(Aet al.,
2002; Choi et al., 2005; van Zandbergen et al.,420@ll these reports indicate that
perturbation of neutrophil constitutive apoptosisdependent on various survival signals

which are modulated by the interaction of the pgéms or with their host neutrophils.

1.5 Intracellular pathogens infecting neutrophils
Phagocytes protect the body by ingesting and giltee harmful pathogens by their efficient

defence mechanisms. However, in the course of gwaltla number of pathogens have
developed fine strategies by which they manipula¢ehost defence system and survive even
inside phagocytes. The Gram negative bact@naplasma phagocytophilum and Chlamydia
pneumoniae and the protozoan parasit@shmania major are three important intracellular
pathogens that survive in neutrophil granulocytes.

1.5.1 Anaplasma phagocytophilum
Anaplasma phagocytophilum is the causative agent of human granulocytic asapbsis

(HGA). The disease was formally called as humamguoytic ehrlichiosis (HGE). The
pathogen belongs to the famiBnaplasmataceae which are members of Gram negative
obligate intracellular bacteria. The first repdrhaman infections with aAnaplasma species
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was evident in 1990 (Dumler et al., 2007). HGA istiek borne diseaseAnaplasma
phagocytophilum varies in size from 0.2m-2 um. The pathogen completes its life cycle in
tick vector and mammalian hosts. Members of thelxbdes genus,Ixodes scapularis and
Ixodes pacificus serve as a tick vector. Infected ticks do not pgs infection to their
offsprings and pathogens are transmitted by the bifected ticks to the mammalian
reservoirs thus complete cycles (Nelson et al.8200he white footed mous®dromyscus
leucopus) and dusky footed wood raNéotoma fuscipes) are the mammalian hosts fér
phagocytophilum in some parts of the United States. Previouslyaswhought that human
infections are sporadic. However, with the advarer@nof diagnostic techniques, more and
more HGA cases were encountered. The bacteriumebktsblished unique tropism for
neutrophil granulocytes. It replicates within thargsitophorous vacuole of the host cell and
forms a microcolony called morula (Chen et al.,A)9Morulae are round shaped inclusions
with 2-7 uM in diameter which can be detected by Romanowskiyisg. The pathogen has
developed various strategies by which it circumsemtd directly inactivates the anti-bacterial
mechanisms.

Infection with A. phagocytophilum delays neutrophil apoptosis (Choi et al., 2005; aad
Rikihisa, 2006). However, the molecular mechanigrapmptosis delay is poorly understood.
It has been suggested that binding of bacteriaiepre to host cell transglutaminase leads to
the delay of apoptosis (Yoshiie et al., 2000). Satineer reports show that infection wigh
phagocytophilum alters both of the intrinsic and extrinsic pathe/ag inhibit apoptosis (Ge
and Rikihisa, 2006; Ge et al., 2005). It has aleerbstated that p38 MAPK plays an
important role in delaying apoptosis of neutropliigshe early phase of infection (Choi et al.,
2005). In spite of the fact that numerous studiesltdwith theA. phagocytophilum induced
apoptosis delay in neutrophils, little attemptsénéaeen made to explore the potential role of
survival signals which seem to be important in raphil apoptosis (Zhu et al., 2006). A gene
expression study shows that the infection withphagocytophilum induces several anti-
apoptotic genes in neutrophils including molecuieslved in survival signalling pathways
(Lee and Goodman, 2006).

1.5.2 Chlamydia pneumoniae
Chlamydia pneumoniae is an obligate intracellular Gram negative bactariwhich causes

respiratory tract infections like acute and chrobronchitis, asthma, community acquired
pneumonia (CAP). It has also been reported thattidn withC. pneumoniae can contribute

to atherosclerosis and central nervous system dbsor(Blasi et al., 2009)Chlamydia
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pneumoniae was first discovered in 1989 (Persson and Trehai®89). The bacterium
completes its life cycle in two developmental fornmdective elementary bodies (EBs) and
reproductive reticulate bodies (RBs). The bacteribas a unique replication cycle. It
multiplies within membrane bound vacuoles of itkayotic host cell. Sinc€. pneumoniae

is not capable to generate ATP, the bacterium ésplioe host cell ATP deposits to fulfil its
requirements. Besides ATP, the bacterium also dkpen the nucleotide pool of their host
cells. C. pneumoniae can replicate in various cells like monocytes, raphages, smooth
muscle cells, fibroblast cells and endothelialc@rull et al., 2005).

It has been observed that a chlamydial infecti@vents the host cell apoptosis. Chlamydial
elementary bodies upon contact with endotheliallscesignificantly increase the
phosphorylation and activation of all three groopMAPK. Activation of ERK1/2 and p38
MAPK is associated with inhibition of apoptosis.téation of these kinases (p38 MAPK and
ERKZ1/2 only) in turn help in activation and transdtion of NFkB in C. pneumoniae infected
cells and leads to the expression of differentkiFdependent inflammatory mediators such
as IL-8, IL-6, MCP-1 and RANTES (Dechend et al.999Donath et al., 2002; Molestina et
al., 2000). Cells infected with oth&hlamydia species also show resistance to apoptosis
induction. Infection withC. trachomatis inhibits host cell apoptosis by stabilizing and
sequestering the BH3 only proteins Mcl-1 and BADchiprevents release of cytochrome C
from mitochondria (Rajalingam et al., 2008; Verbekeal., 2006). A recent report from our
group shows that infection wit@. pneumoniae multiplies within the neutrophils and extends
the life span of granulocytes (van Zandbergen t2804). It has been suggested that this
effect is mediated by high amount of IL-8 releageuin the infected cells at late hours of
infection (66 hours). However, the detailed molacuhechanism of. pneumoniae mediated

apoptosis inhibition was not studied so far.

1.5.3 Leishmania
Leishmaniasis, a parasitic disease distributedrapi¢dal and subtropical areas, caused by

protozoan parasite of the gerusshmania. The disease is transmitted to humans by the bite
of infected female phlebotomine sandflies, smabdboll feeding insects which act as a vector
in the disease process. Leishmaniasis is not ¢esiiigease but a collection of diseases where
each type has characteristic clinical manifestati@epending on the clinical manifestations
three different types of leishmaniasis are obsereathneous, mucocutaneous and visceral.
The cutaneous form of leishmaniasis appears eithdocalised or diffuse form of skin
lesions. The mucocutaneous forms of leishmaniaaissec partial or total destruction of

mucous membranes inside the nose, mouth, and thids#d most serious form of
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leishmaniasis is the visceral leishmaniasis whechlso called kala-azar. Irregular periods of
fever, weight loss, chahexia, anemia, hepatomegadly splenomegaly are the characteristic
features. Depending on the zoogeographical digtabuleishmania species are divided into
two groups: Old WorldLeishmania found in Africa, Asia and Europe. The Old World
leishmaniasis group contains five speclesnajor, L. tropica, L. aethiopica, L. donovani and

L. infantum. The first three members of this group cause cutanésishmaniasis while the
remaining two are the causative agent for visc&mhmaniasis. On the other hahd
mexicana, L. amazonensis and L. chagasi belong to the New Worlteishmania group.
Leishmania are obligate intracellular pathogens present in tdewelopmental forms. The
intracellular amastigote form is found in the vbrege host and the flagellated promastigote
form which is predominant in the insect vector. kbgphages are the final host cells far
major. However, after infection neutrophils serve as prirteost cells for the parasite (Laufs
et al., 2002). Upon infection with. major the life span of neutrophils is extended (Agalet a
2002) however, the detailed molecular mechanisntseoéxtension of neutrophils life span is

poorly studied.

1.6 Aim of the study

Constitutive apoptosis is a typical feature of naptils. However, several reports show that
intracellular pathogens modulate this programmesamdive inside neutrophils. Although the
intracellular pathogeng. phagocytophilum, C. pneumoniae andL. major have been reported
to extend the life span of neutrophils, it is net known which survival signals are involved
in modulation of neutrophil apoptosis. Thereforbe taim of the present study was to
investigate how these pathogens modulate the rghitrapoptosis from the context of
survival signals.Two major survival signalling pattys are known in neutrophils, the
PI3K/Akt pathway and the MAPK pathway. In orderingestigate the modulation of survival
signals by these intracellular pathogens | aimestudy specifically:

Whether these pathogens modulate the PI3K/Akt eMAPK pathway in order to achieve
apoptosis inhibition.



Materials and Methods 20

2 MATERIALS AND METHODS

2.1 Materials

2.1.1  Anaplasma phagocytophilum
The Anaplasma phagocytophilum (Ap) MRK strain, was kindly supplied by Prof J.S. Dumler

(Department of Pathology, The John Hopkins UniwgrSchool of Medicine, Baltimore, MD,
USA) and was propagated in HL-60 cells in RPMI 16#@dium containing 2 mM L-
glutamine and 1 % FCS at 37 °C in a humified atrhesp containing 5 % CQChoi et al.,
2005). Briefly,A. phagocytophilum infected HL-60 cells were thawed from frozen stok&pt

in liquid nitrogen, washed with ice cold RPMI 16d4@dium containing 2 mM L-glutamine
and 10 % FCS by centrifuging at 216 x g for 10 resuat room temperature. Cell pellet was
resuspended in RPMI 1640 medium supplemented withV2 L-glutamine and 10 % FCS
and cells were allowed to grow for 3-6 days. Celese washed and the subsequent culture
was carried out in RPMI 1640 medium containing 2F%S supplemented with 2 mM L-
glutamine. The culture medium was changed afterye®el days. When 30-40 % cells were
found infected (determined by observing the preseianorula in the cells) they were used

for preparing new frozen stocks.

2.1.2 Chlamydia pneumoniae
The Chlamydia pneumoniae (Cp) bacterial strain CV-6 was isolated from a corgnairtery

plaque and continuously cultured in HEp-2 cellsdascribed elsewhere (Maass and Harig,
1995; van Zandbergen et al., 2004). Confluent shekeHEp-2 cells were grown in 24 well
plates in Eagle’s MEM containing 10 % FCS and nsseatial amino acids. In order to infect
HEp-2 cells withC. pneumoniae, bacteria were added to the HEp-2 cell culturairdeged at
3000 x g for 45 minutes and incubated at 37 °C % CQ atmosphere for 72 hours. The
infected cells were mechanically disrupted and debris was removed by centrifuging at
1000 x g for 10 minute€p was concentrated by centrifuging at 24,000 x dlfbour and the
pellet was resuspended in 0.55 ml PBS. 0.05 ml taken out from theC. pneumoniae
suspension and used to inoculate a new monolayerdar to determine the number of
inclusion forming unit (IFU) by using a commerciahmunofluoresence tesChlamydia
suspension with known IFU number ©flamydia in serum free Eagle’s MEM supplemented
with 1 pg/ml cycloheximide was aliquoted and stored at>80The aliquots were taken out
immediately before the experiments. For all theeexpents performed in this study, the ratio
betweenChlamydia IFU and PMN was maintained 5:1.
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2.1.3 Leishmania major
The Leishmania major isolate MOHM/IL/81/FEBNI (Laskay et al., 1995) usidthis study

was kindly supplied by Dr. F Ebert (Bernhard-Notidtitute for Tropical Medicine,
Hamburg). This strain was originally isolated frakin biopsy of an Israeli patient. To obtain
a continuous pool of infectious parasitesyitro cultures in the stationary growth phase were
used to infect BALB/c mice. Amastigotes isolatednir spleens of infected mice were
cultured in vitro in Novy-Nicolle-McNeal biphasic blood agar mediuat 27 °C in a

humidified chamber containing 5 % @@here they converted into infectious promastigotes

2.1.4  Laboratory supplies

Cell culture flasks
Galss slides superfrost

Greiner bio-one, Frickenden
Menzel, Braunscweig

Gel-loading tips
Hyperfim™ ECL
96-well MaxiSorb Microtiter plates,

Eppendorf, Hamburg
Amersham Biosciences, Freiburg
Nunc, Wiesbaden

Nitrocellulose (NC) membrane:
Optitran BA-S 83 reinforced NC
Pipette (5, 10, 25 ml)

Pipette filter tips

Pipette tips

(2-10 pl, 10-100 pl, 100-1000 ul)
Plastic tubes (5 ml Falcon)

Plastic tubes (15 ml, 50 ml)
Reaction tubes (1.5; 2 ml) Biopure
S-Monovette, 9 ml, lithium-heparin
Tissue culture plates

(6, 12, 24, 48, 96-well, flat bottom)
Transfer pipette 3.5 mi

U-tubes for cytometry

Whatman Paper

Schleicher & SchuBbssel
Greiner bio-one, Frickamden
Nerbe plus, Winsen

Greiner bio-oReckenhausen
BD Biosciences, Héiele
Sarstedt, Numbrecht
Eppendorf, Hargb
Sarstedt, NUedbt

Greiner {moe, Frickenhausen
Sarstedt, Nimbrecht

Micronic, Lelystad, ThetNerlands
Schleicher & Schuell, Dassel

2.1.5 Instruments

Analytical balance BP61S

Balance

Block thermostat
Unitek" block thermostat HB 130
Block thermostat TCR 200

Cell counting chambers

Sartorius, Gottingen
Sartorius, Goéttingen

Peqglab, Erlangen
Roth, Karlsruhe
Neubauer, Marienfeld

Centrifuges
Biofuge fresco
Megafuge 2.0R
Multifuge 3 and SR

Kendro (Heraeus), Langenselbold
Kendro (Heraeus), Langenselbold
Kendro (Heraeus), Langenddlbo
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Microfuge R

Mikro 12-24

Centrifuge 5417R

Cytocentrifuge Cytospin3
COy- Incubator IG 150
Deep freezer, —=20 °C, =70 °C
Densimat
Electrophoresis chambers
Flow-cytometer FACS-Calib{ir
Homogenisor
Laminar flow workbench
Magnetic stirrer: lkamag, Reo
Microscopes

Axiovert 25

Axiostar plus

Axiocam HRc (Digital Immun-

fluorescence-Microscope)
Multichannel pipette
pH-meter
Pipettes
Power supply P25
Ricoh HR-10m camera
Scanner Umax Astra 6700
Semi-dry protein transfer cell
Shaker Vibrofix VF1 Electronic
Transfer pipette
Water bath

Beckmann, Munich
Hettich, Tuttlingen
Eppendorf, Hamburg
Shandon, Frankfurt
Jouan, Unterhaching
Liebherr, Ochsesbiau
Bio Mérieux, Marcy I'Etoite, France
Bio-Rad, Munich
Becton Dickinson, Heidelberg
Glascol, ABCR GmbH, Karlsruhe, Gamngn
Biohit, Cologne
IKALabortechnik, Staufen

Carl Zeiss, Jena
Carl Zeiss, Jena

Carl Zeiss, Jena

Eppendorf, Hamburg
Inolab,WTW GmbH, Weilheim
Eppendorf, Hamburg
Biometra, Gottingen

Ricoh, Tokyo, Japan

Umax Systems GmbH, Willic
Bio-Rad, Munich

Janke & Kunkel IRA abortechnik, Staufen
Brand, Wertheim
Kottermann, Uetze (Hanigsen)

2.1.6 Chemicals and laboratory reagents

Acetone

Ammonium persulfate
Annexin V FLUOS
Aprotinin

Aqua ad injectabilia

Brain Heart Infusion (BHI)
Bovine serum albumin (BSA)
Bromophenol blue dye
Calcium chloride
Chloroform minimum 99 %
COS blood agar plate
Crystal violet
Diaminobenzine (DAB)
Diff-Quick®

Dithiotreitol

EDTA

EGTA

FCS

FCS

fMLP

Gentamicin

Merck, Darmstadt

Sigma, Deisenhofen

Roche Diagnostics, Mannheim
Sigma, Deisenhofen

DeltaSelect, Pfullingen

Becton Dickinson, Helberg

Sigma, Deisenhofen

Serva, Heidelberg

Sigma, Deisenhofen

Sigma, Deisenhofen

Bio Mérieux, Marcy I'Etoikgance
Sigma, Deisenhofen

Vector laboratories, Bugame, CA, USA
Medion Diagonostics, Duedingen, Switzerland
Sigma, Deisenhofen
Sigma, Deisenhofen
Sigma, Deisenhofen

Sigma, Deisenhofen

Gibco, Karlsruhe
Sigma, Deisenhofen

Sigma, Deisenhofen
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Giemsa staining solution, modified
L-Glutamine

Glycerol

HEPES

Histopaqu& 1119

IMAGEN "™Chlamydia

IMAGEN® Mounting Fluid
Immersions oil

Immmobilion™ western
Isopropanol

Leupeptin

Lipopolysaccharidé&. coli 0111:B4
Lymphocyte separation medium 1077
Magnesium chloride
2-Mercaptoethanol

Methanol

MOPS

Paraformaldehyde

PBS (1 X) sterile solution

PBS (10 X) sterile solution

PBS, Instamed, Dulbecco w/o Mg, Ca
Penicillin/streptomycin
Pepstatin-A

Percolf’

PMSF

Prestained protein molecular
weight marker

Defibrinated rabbit blood

RPMI 1640 medium

SDS

Sodium azide

Sodium chloride

Sodium orthovanadate

Sulfuric acid

TEMED

Trichloroacetic acid (TCA)
Tris-(hydroxymethyl)-aminomethane
Triton X-100

Trypan blue solution 0.4 %
Tween -20

Vectastaiff ABC kit

Sigma, Deiséaho
Biochrom, Berlin
Sigma, Deisenhofen
Biochrom, Berlin
Sigma, Deisenhofen
OXOID, Cambridgeshire, UK
Dako, Hamburg
Carl Zeiss, Jena
Millipore, MA, USA
Roth, Karlsruhe
Calbiochem, Schwalbach
Sigma, Deisenhofen
PAA, Paschingtda
Sigma, Deisenhofen
Sigma, Deisenhofen

J.T. Baker, Deventer, The Netherlands

Roth, Karlsruhe
Sigma, Deisenhofen

Pharmacy of Universif Lubeck, Lubeck

Gibco, Karlsruhe
Biochrom, iBerl
Biochrom, Berlin
Sigma, Deisenhofen
Pharmacia, Uppsala, Sweden
Sigma, Deisenhofen

NEB, Frankfurt am Main
Elocin-lab GmbH, MUifme
Sigma, Deisenhofen
Roth, Karlsruhe
Merck, Darmstadt
Merck, Darmstadt
Sigma, Deisenhofen
Merck, Darmstadt
Roth, Karlsruhe
Sigma, Deisenhofen
Roth, Karlsruhe
Merck, Darmstadt
Sigma, Deisenhofen
Sigma, Deisenhofen

Vector laboratories, Burlingame, CA, AS

2.1.7 Primary antibodies and dilutions used

Rabbit anti-humai-actin
(1:2000)

Rabbit anti-human phospho-Akt
(1:2000)

NEB, Frankfurt am Main

NEB, Frankfurt araiivi
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Rabbit anti-human phospho-Erk1/2 NEB, FrankfurtMein
(1:2000)

Mouse anti-human phospheB NEB, Frankfurt am Main
(1:2000)

Rabbit anti-human phospho p38 MAPK NEB, Frankfumtain
(1:2000)

Mouse anti-human FAS Dako, Hamburg

(1 ng/10Qul)

Rabbit anti-human Mcl-1 NEB, Frankfurt am Main
(1:2000)

Rabbit anti-human phospho PDK1 NEB, Frankfurt amairiv
(1:2000)

Rabbit anti-human phospho PI3K NEB, Frankfurt amimm
(1:2000)

Rabbit anti-human PK& Santacruz, Heidelberg
(1:2000)

2.1.8 Secondary antibodies and dilutions used

Goat anti-rabbit IgG-HRP conjugate Santacruz, eleerg
(1:5000)

Rabbit anti-mouse IgG-HRP conjugated NEB, FrankdomtMain
(1:4000)

Rabbit anti-mouse IgG-FITC.conjugated Dako, Hargbur
(1:200)

2.1.9 Inhibitors

BAY 11-7082 (kB inhibitor) Calbiochem, San Diego, CA, USA
LY294002 (PI3K inhibitor) NEB, Frankfurt am Main

Rottlerin (PKG inhibitor) Calbiochem, San Diego, CA, USA
SB203580 (p38 MAPK inhibitor) Calbiochem, San e@GA, USA
U0126 (MEK1/2 inhibitor) NEB, Frankfurt am Main

MG-132 (kB inhibitor) Calbiochem, San Diego, CA, USA
2.1.10 Ready to use kits

Proteome profilél' array R&D systems, Wiesbaden
Human IL-6 DuoSét R&D systems, Wiesbaden

Hu IL-8 Cytoset Biosource, CA, USA

2.1.11 Cytokines

rh GM-CSF R&D systems, Wiesbaden

rh TNFa R&D systems, Wiesbaden

2.1.12 Softwares

Statistical analysis software
GraphpadPris Version 4.01 San Diego, CA, USA
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| nstrument software
CellQuestpr8 software Becton Dickinson, Heidelberg

2.1.13 Solutions, Buffers and media

Annexin buffer

10 mM HEPES/NaOH, pH 7.4
140 mM NaCl

5 mM CaC}

Blocking solution (Western blot)
TBS + 0.1 % Tween 20 + 5 % BSA

Novy-Nicolle-Mcneal blood agar medium

50 ml defribinated rabbit blood

50 ml PBS

2 ml penicillin / streptomycin

200 ml brain heart infusion (BHI) medium
(10.4 g agar in 200 ml distilled water)

Wash buffer for immunohistochemistry
PBS (1X) + 0.3 % Tween-20

Lysis buffer for the protein kinase C translocationexperiment
20 mM Tris pH 8.0

2 mM MgCb

2 mM EDTA pH 8.0

10 mM EGTA pH 8.0

10 ug/ml leupeptin

10 pg/ml aprotinin

6 ug/ml pepstatin

2mMDTT

10 mM PMSF

Protein sample buffer (4X)
(0.16 M Tris-HCI, 30 % glycerol, 4 % SDS, 0.71253Mnercaptoethanol, pH 6.8)

For 10 ml Final conc Final Vol. Stock conc.
Tris HCI, pH 6.8 0.16 M 1.6 mi 1.00 M
Glycerol 30 % 3.0ml 100 %

SDS 4 % viv 2.0mil 20 %
B-Mercaptoethanol 0.7125 M 0.5 ml 14.25 M
Deionized water 2.9 ml

Bromophenol blue a little crumb
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Tris buffer solution (10X) for 1 litre (TBS)

Tris base 24.22 g
NaCl 80.00 g
Adjust the pH 7.6 with HCI and make up the volumd titre.

5X SDS-PAGE running buffer, pH 8.4 (0.5 litre)

Tris base 7.50¢
Glycine 36.00 g
SDS 2.50¢

Deionized water added to adjust the 0.5 litre

Solutions for SDS polyacrylamide gel

Separating gel Stacking gel

10 % 3%

Acrylamide stock (30 %) 1.665 ml
0.750 ml

Deionized HO 2.000 ml 3.000 ml
3 M Tris HCI, pH 8.4 1.250 ml
0.5 M Tris HCI, pH 6.8 1.250 ml
10 % SDS 0.050 ml 0.050 ml
10 % APS 0.045 ml 0.045 ml
TEMED 0.005 ml 0.005 ml

Stripping buffer

62.5 mM Tris HCI, pH 6.7

2 % SDS

100 mM B-Mercaptoethanol

Distilled H,O
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2.2 Methods

2.2.1 Isolation of neutrophil granulocytes from hunan blood
Peripheral blood was collected from healthy donorithium heparin S-Monovette tubes. 3

ml of lymphocyte separation medium 1077 were layene 5 ml of Histopaqfel119 in a 15
ml centrifuge tube and 4 ml of blood were layeredtimat column. The column was set for
centrifugation for 25 minutes at 800 x g. The firderphase layer from the top of the column,
rich with lymphocytes and monocytes was discardad aubsequent granulocyte rich
interphase layers were collected in 50 ml centeftigoe and washed with PBS for 10 minutes
at 250 x g. The pellet was resuspended in RPMI 164@ium containing 10 % FCS and
layered on a discontinuous Per€ajjradient consisting of fractions with densitie$05 g/ml
(85 %), 1,100 g/ml (80 %), 1,093 g/ml (75 %), 1,@@m! (70 %), 1,081 g/ml (65 %) from the
bottom to the top, respectively. The gradient calumas centrifuged at 800 x g for 25
minutes. After centrifugation the interphase betwdee 80 % and 85 % Percoll layers was
collected, washed with PBS at 250 x g for 10 migué@d resuspended in RPMI 1640
medium. The viability and purity of the cells wexigecked by trypan blue exclusion and Diff-
Quick® staining of cytocentrifuged slides, respectivaliability and purity was mostly over

99 %. All the above steps were carried out at roemperature

2.2.2  Diff-Quick® staining for cells
1 x 10 cells were taken in 108 medium and cytocentrifuged at 400 x g for 5 misutising

cytocentrifuge Cytospin 3. Slides were air driagled in fixative solution provided in Diff-

Quick® staining set and subsequently stained accordititetsnanufacturer’s protocol.

2.2.3 Preparation of cell free Anaplasma phagocytophilum and co-
incubation with neutrophils
The infection rate of\. phagocytophilum infected HL-60 cells was determined by counting

the cells containing morula in Romanowsky stairiff{Quick®) cytospin preparates. When
> 70 % of the cells were found infected they weredutor the preparation of cell frefe
phagocytophilum. Briefly, infected HL-60 cells were centrifugedaspeed of 250 x g for 10
minutes, resuspended in 2 ml of PBS and passedghra 25 gauge needle for 10-14 times.
Cellular debris was removed by centrifuging at X5 for 10 minutes. The supernatant was
collected and centrifuged at 2500 x g for 15 misuteellets obtained in this way were

immediately resuspended in PMN cell suspensioniacubated for various time points. The
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ratio between infected HL-60 cells and PMN was gbkvanaintained 1:1 throughout the
study.

2.2.4  Co-incubation of neutrophils withLeishmania major
7-11 days old stationary phase culturet @shmania major promastigotes were used for the

study, collected fromin vitro cultures maintained in biphasic NNN blood agar mned
Briefly, L. major promastigotes were taken out from each well andhasvith complete
medium for 10 minutes at 2800 x g. After centriftiga the supernatant was discarded and
the pellet was resuspended in complete medium. &tgotes with active flagellar
movement were counted and added to the neutrophilre in neutrophil to parasite ratio of
1:5.

2.2.5 Co-incubation of neutrophils withChlamydia pneumoniae
For co-incubation experiments wi@hlamydia pneumoniae, frozen stocks of infected Hep2

cell culture with known IFUs (1 x £0nl) were used. Briefly, infected Hep2 cell stooksre
thawed and vortexed with glass beads to ruptureelis and added directly to neutrophils at

a neutrophil to Cp IFU ratio of 1:5.

2.2.6  Immunohistochemical staining forA. phagocytophilum
In order to determine the presence Af phagocytophilum in infected neutrophils,

immunohistochemical staining was carried out usiag mouse anti Anaplasma
phagocytophilum antibody kindly provided by Prof J. S. Dumler (Dgp#ent of Pathology,
John Hopkins University School of Medicine, Baltirmp Maryland, USA). Briefly,
neutrophils (5 x 18ml) were incubated either with. phagocytophilum or left untreated for
18 hours. For immunohistochemical staining 1 X h@utrophils from each culture were
cytocentrifuged and fixed with methanol for 5 miesit Subsequently, the cytospin preparates
were hydrated by keeping them for 2 minutes in gadlgl decreasing alcohol solutions (100
%, 95 %, and 70 %). Samples were then incubatetiFoninutes wih 3 % hydrogen peroxide
(H20,) and washed with distilled water subsequently kéocfor 20 minutes in serum and
then washed twice with PBS containing Tween-20. Aouse anti Anaplasma
phagocytophilum antibody was then added in PBS containing 1 % B8wtaining PBS and
incubated for 1 hour. After 3 times washing with§2Bween 20 the samples were incubated
with biotinylated rabbit anti mouse 1gG for 30 mies. Slides were then washed 3 times in
PBS-Tween-20 buffer and incubated for another 3@ures with Vectastafh ABC kit
prepared according to the manufacturer’s recomntemdé&subsequently a DAB solution was

prepared in 0.05 M Tris HCI according to the mantifeer's recommendation and slides
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were incubated in DAB solution for 8 minutes in ldaElides were washed twice with
distilled water followed by 30-40 seconds incubatwith haematoxylin solution and washed
under tap water for 5 minutes. Preparates weredtated in gradually increasing percentage
of alcohol solutions (70 %, 95 %, and 100 %). Slieeere kept for 2 minutes in xylol and

mounted.

2.2.7 Immunohistochemical staining forC. pneumoniae
For immunohistochemical staining 1 x °l@ells were cytocentrifuged and fixed with

methanol. Cells were incubated for 15 minutes af@7with IMAGEN™ Chlamydia test

reagent which contains FITC conjugated chlamydi&SL specific mouse monoclonal
antibody mixed with Evans blue. Excess reagent washed with PBS. The slides were
subsequently mounted with the mounting fluid preddn the staining kit and viewed under

fluorescence microscope.

2.2.8 Cell lysis for immunoblots
Whole cell lysates were prepared following publéipeotocol (Wang et al., 2003). Briefly,

after incubation, 3 x fells were spun at 216 x g for 10 minutes, pelletse resuspended in
500ul of 10 % TCA solution and kept for 10 minutes oa and subsequently centrifuged for
5 minutes at 14000 x g at 4 °C. The pellets wershed for 2 times with 5001 100 %
acetone at 14000 x g for 5 minutes at 4 °C, resudgmkin 1 fold (1X) sample buffer and
boiled for 5-7 minutes at 100 °C

2.2.9 SDS-polyacrylamide gel electrophoresis and stern blotting
Lysates from equal number of cells were added ¢h ¢ane of the gel and electrophoresis

was performed with 75 V constant voltage while nagnn the stacking gel and with 125 V
constant voltage in separating gel. For performmiegtern blot, transblot semidry transfer cell
was used where protein was transferred on to aceiiulose membrane at 2.6 mAfcm
constant current for 1 hour and 40 minutes. The bmames were blocked in TBS containing
0.1 % Tween-20 and 5 % BSA for one hour on a geawoit&ing platform and subsequently
incubated with the appropriate primary antibodyX6r12 hours at 4 °C with gentle rocking.
After extensive washing with TBS containing 0.1 %€En-20 for 45 minutes, membranes
were incubated for 60 minutes with HRP conjugatelygonal anti rabbit IgG or anti mouse
IgG depending on the primary antibody used. Menmdsamere washed again and bands were
detected using the ECL western blotting detectigstesn (Immmobilion™ western). Equal

loading was confirmed by stripping the membranes @aprobing with either antibody for



Materials and Methods 30

total protein which detects both phosphorylated aod-phosphorylated form of the given

protein and/or with an antibody actin.

2.2.10 Separation of cytosolic and membrane fractis
Since activated PKC translocates from the cytastol the plasma membranes, cytosolic and

membrane fractions were isolated by differentiaitgigation as described elsewhere (Wang
et al., 2003). Briefly, 20 x foneutrophils were infected witAnaplasma or left untreated.
After incubation, pellets were obtained by spinndayvn at 256 x g for 10 minutes and then
washed with ice cold PBS for another 3 minutesl#t 2 g. The pellets were resuspended in
lysis buffer (lysis buffer for protein kinase Cnsdocation experiment) and incubated for 20
minutes on ice. The samples were homogenised IstrbRes in tight fitting homogenizer.
Post nuclear fractions were separated by centnitugit 500 x g for 10 minutes at 4 °C.
Supernatants were collected and spun at 100000 far g45 minutes at 4 °C. After
centrifugation, supernatants were used as the @ytdsactions and the pellets were used as
the membrane fractions. Equal loading was confirnbgdstripping the membrane and
reprobing forB-actin. B-actin bands were observed in the cytosolic frastiovhich was

completely absent in the membrane fractions (datamown).

2.2.11 Annexin-V-binding assay
Annexin-V exhibits calcium dependent binding to gbloatidylserine expressed on the outer

leaflet of the cell membrane of apoptotic cells.opfwsis was determined by Annexin V
FLUOS binding according to the manufacturer’s recwndation. Briefly cells were stained
with Annexin V FLUOS for 30 minutes in the dark a® in the binding buffer (10 mM
HEPES, pH 7.4, 140 mM NaCl, 5 mM Caflwashed and resuspended in binding buffer.
Propidium iodide (Pl) was added at a concentratbnl pg/ml in order to assess the

membrane integrity and analysed using a flow cytem@&ACS Calibur; BD Biosciences).

2.2.12 Determination of cytokines in the culture spernatants
In order to determine the cytokine profile in tloelture supernatants of neutrophil

granulocytes co-incubated either witA. phagocytophilum or with C. pneumoniae,
supernatants were collected after 18 hours ankio@rray was performed according to the
manufacturer’s protocol (Proteome Profilér R&D systems, Wiesbaden). The kit provides
nitrocellulose membranes spotted in duplicate w#lected capture antibodies. The number
of antibodies spotted is listed in the followingbla (Table.1). A transparency overlay
template is also provided (Fig. 3). This transpayeavelay helps to identify which spot
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stands for which cytokine on the photographic filfter performing the experiments
according to the manufacturer’s protocol. To meaghe concentrations of IL-6 and IL-8,

ELISA was performed according to the manufactuneissruction.

Coordinate Target/Control Alternative Nomenclature
Al, A2 Positive Control
A3, A4 Cha Complement Component 5a
A5, A6 CD40 Ligand CD154
A7, A8 G-CSF CSB, CSF-3
A9, A10 GM-CSF CSk, CSF-2
All, A12 GRQu CXCI1
Al3, Al4 1-309 CCL1
Al5, A16 sICAM-1 CD54
Al7, A18 IFNy Type Il IFN
A19, A20 Positive Control
B3, B4 IL-1o IL-1F1
B5, B6 IL-1B8 IL-1F2
B7, B8 IL-1ra IL-1F3
B9, B10 IL-2
B11, B12 IL-4
B13, B14 IL-5
B15, B16 IL-6
B17, B18 IL-8 CXCL8
C3,C4 IL-10
C5, C6 IL-12p70
C7,C8 IL-13
C9, C10 IL-16 LCF
C11, C12 IL-17
C13,C14 IL-17E
C15, C16 IL-23
C17,C18 IL-27
D3, D4 IL-320
D5, D6 IP10 CXCL10
D7, D8 I-TAC CXCL11
D9, D10 MCP-1 CCL2
D11, D12 MIF GIF, DER6
D13, D14 MIP-h CCL3
D15, D16 MIP-B CCL4
D17, D18 SerpinEl PAI-1
El, E2 Positive Control
E3, E4 RANTES CCL5
E5, E6 SDF-1 CXCL12
E7, E8 TNF-1b, TNFSF1A
E9, E10 STREM-1
E19, E20 Negative Control

Table.1 Cytokine array coordinates. List of antibodies spotted on the nitrocellulose ntheane strip

provided in the cytokine array kit (R&D systems,aalhaden).
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Fig. 3 Transparency overlay template Human cytokine array transparency overlay temptateided by
the manufacturer where the each two sucessive mgnalmel alphabet co-ordinate represent a single
cytokine

2.2.13 Flow cytometric analysis of FAS
Surface expression of FAS was detected by flowrngtoic analysis using human anti FAS

(CD95) monoclonal antibody conjugated with PE. Nepiils were incubated with or
without C. pneumoniae for 18 hours at 37 °C, 5 % G@tmosphere. For staining, 1 x°ells
were taken in 96 well V bottom plate, washed withGS buffer at 4 °C and stained either
with anti human CD95 monoclonal antibody conjugatéth PE or with isotype control
antibody for 30 minutes on ice. After incubatiorlixevere washed two times with FACS
buffer and fixed with 1 % paraformaldehyde in PB®lls were analysed by FACS CalifBur
using CellQuestpfdsoftware.

2.2.14 Statistical analysis
Data from a minimum of 3 independent experimernespresented as mearSEM. Statistical

evaluation of differences was determined with thed&nt’s t test or two-way ANOVA and
Bonferroni post test. Results were consideredssizaily significant when p<0.05. * Oris
used when Student t test was performiad (sed in certain experimental condition findhe t
respective figure legend) arfids used and when two-way ANOVA and Bonferroni piest
were carried out. *p<0.05, **p<0.005, ***p<0.0005p<0.05, *"p<0.005, " p<0.0005 and
*p<0.05
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3 RESULTS

3.1 Anaplasma phagocytophilum infects neutrophil
granulocytes and delays their constitutive apoptosi
A characteristic feature of neutrophil granulocyitesheir constitutive apoptosis. The typical

morphology of the multilobed nucleus with interlédou connections is lost in cells that
undergo apoptosis. These morphological changesbeantilized to differentiate between
apoptotic and non apoptotic neutrophils by visua@neination. Since previous studies showed
that A. phagocytophilum can modulate neutrophil apoptosis (Choi et al0520Ge and
Rikihisa, 2006), | investigated the ability of thacterium to delay neutrophil apoptosis. The
apoptotic rate was determined after 18 hours inobaf neutrophils with or withouA.
phagocytophilum. It was observed that whereas the majority (6@490of cells incubated in
medium alone were apoptotic, a significant reductaf apoptotic rate was noticed in
neutrophils after co-incubation witl. phagocytophilum (Fig. 4C, D, E). In order to
investigate whether the observed anti apoptotiecéfivas due to the infection of neutrophils
with the bacteria,A. phagocytophilum was visualised inside the neutrophils by using
immunocytochemical staining @&. phagocytophilum. The staining revealed the presence of

intracellular bacteria in neutrophils after co-ibation withA. phagocytophilum (Fig. 4A, B).
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Fig. 4 Co-incubation of neutrophils with cell freeA. phagocytophilum infects neutrophils and delays
their spontaneous apoptosisNeutrophils were incubated with or withoiit phagocytophilum for 18
hours. Cells were harvested, cytospin preparates weepared, and stained either by Diff-Q{ick
or.used for immunocytochemical staining Af phagocytophilum as detailed in the materials and
methods section. Representative pictures of immytochemical staining of non-infected (A) and
infected cells (B) (arrow mark showing the infeati@as revealed by the immunocytochemical
staining) and Diff-Quick staining (non infected cells (C) and infected $elD)) are shown.
Percentage of apoptotic cells (E) was shown heteirsdd from microscopic counting of minimum
200 cells from 3 independent experiments. Valuegaren in meast SEM and *p <0.005.

3.1.1 Infection with A. phagocytophilum upregulates the phosphorylation
of PI3K in neutrophils

Spontaneous apoptosis is a unique feature of nghitrgranulocytes (Webb et al., 2000).
Neutrophil apoptosis is, however, delayed in thespnce of pro-inflammatory modulators at
the site of infection (Lee et al., 1993; Wei et 4B96) or upon challenge with intracellular
pathogens (Aga et al., 2002; van Zandbergen e@04). Phosphatidyl inositol 3 kinase
(PI3K) is a critical survival signalling molecul®emprised of regulatory (p85) and catalytic
subunits (p110). Phosphorylation of the regulatsupunit is crucial for the activation of

PI3K. Upon activation PI3K phosphorylates variousogphoinositides in the plasma
membrane which initiates a complex signalling cdeday activating the downstream serine
threonine protein kinase B (PKB) and thus leadsét survival. To investigate whether

activation of PI3K plays a role in thA. phagocytophilum-induced apoptosis delay in
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neutrophils, the phosphorylation status of PI3K watermined by performing western blot
analysis at different time points after infectidihe antibody used in these experiments was
directed against the phosphorylated form of theileggry subunit of human PI3K. Enhanced
phosphorylation of PI3K was observed 3 h and 18tér &. phagocytophilum infection as
compared to neutrophils incubated in medium aléng 6).

3h 18h
Phospho PI3K e S S e

A. phagocytophilum - +

- +

Fig. 5 Enhanced phosphorylation of PI3K in neutroplils infected with A. phagocytophilum. Neutrophils
were cultured with or withouA. phagocytophilum for the indicated time points. Whole cell lysatesre prepared
following the protocols described in the methodstise, separated in 10 % denaturing SDS PAGE gdl an
immunoblotted with a rabbit anti-human PI3K antipaghich detects the p85 regulatory subunit only mvhe
phosphorylated. Equal loading was confirmed bypptrig and reprobing the blot with rabbit anti hunizeta
actin antibody. Representative blots from three frethelent experiments are shown.
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3.1.2 Infection with A. phagocytophilum upregulates the phosphorylation
of protein kinase B (PKB) in neutrophils
Protein kinase B (PKB) which is also known as Akta serine threonine kinase, downstream

of PI3K and considered to be the central playeceii survival and proliferation. Upon
phosphorylation Akt controls a large number of detseam effector molecules such as BAD,
caspases, and SAPK to exert an anti-apoptotic tefféong et al., 2005). Akt has two
phosphorylation sites, THF and Sel’®. Full activation of Akt requires phosphorylation a
Sef"which, however, depends on the phosphorylationhs®f To assess whether infection
with A. phagocytophilum in neutrophils affects the phosphorylation of Altestern blot
analysis was carried out. The results show sigmitiazipregulation of Akt phosphorylation at
30 minutes, 1 hour and 1.5 hoursAnphagocytophilum infected neutrophils as compared to
neutrophils incubated only in medium. However, nmgphorylation was detected A
phagogocytophilum infected neutrophils after 3 hours (Fig. 6).

30 min 1h 1.5h 3h

Phospho Akt e - — |

AKE S - S — - — —
factin D T G SN D W WD ape

A. phagocytophifumm - + - + - + - +

Fig. 6 Infection of neutrophils with A. phagocytophilum leads to the phosphorylation of Akt.Neutrophils
were cultured with or withouA. phagocytophilum for various time points. Whole cell lysates weeparated in
10 % SDS PAGE, electroblotted and probed with ralariti human Akt antibody which detects Akt
phosphorylated at SEP site. Equal loading was shown by stripping andakimg the blot with rabbit anti
human beta actin. Equal loading was further corddrby running equal amounts of the lysates in s¢pd0 %
SDS PAGE, blotted and probed with rabbit anti hunfdda which detects both phosphorylated and non
phosphorylated Akt. The blot shown here is repriegam of five independent experiments.
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3.1.3 Infection with A. phagocytophilum maintains the phosphorylation
of phosphoinositide dependent protein kinase 1 (PDK in
neutrophils

It has been well documented that full activatiorA&f depends on the phosphorylation on its

both residues TAP and Sel’ (Alessi et al., 1996). Phosphorylation at *ffsite is catalyzed
by PDK1 which is downstream of PI3K in the PI3K-Aktediated survival pathway.
Phosphorylation of Akt depends on the phosphonatf an intermediate kinase, PDK1
(Wick et al., 2000). Transient early phosphorylatad Akt was observed 30—-90 min afir
phagocytophilum infection (Fig. 6). However, interestingly enhancpdosphorylation of
PI3K, which is upstream of Akt, was observed as & 18 hours afteéX. phagocytophilum
infection. Since PDK1 is downstream of PI3K and tcgem of Akt and enhanced
phosphorylation of PI3K was observed for 18 hvestigated the activation state of PDK1 in
A. phagocytophilum infected neutrophils. Phosphorylation status of KBDin A.
phagocytophilum infected neutrophils was determined by western @hatlysis of whole cell
lysates. After 1 hour of incubation phosphorylaRioK1 was observed both in infected and
non-infected neutrophils. However, phosphorylatddKP could not be detected in non
infected neutrophils after 22 hours, whereas phaggdition status of PDK1 was maintained
until 22 hours in cells co-cultured with phagocytophilum (Fig. 7)

1h 22 h
Phospho PDK 1 e 4

B actin --.—

A. phagocytophilum

Fig. 7 Phosphorylation of PDK1 is maintained for upto 22 hours in neutrophils infected with A.

phagocytophilum. Neutrophils were cultured with or withodt phagocytophilum for 1 hour or 22 hours
respectively. Phosphorylation of PDK1 was determhibg western blot analysis. Proteins from wholé lgshte
was separated in 10 % denaturing SDS PAGE, eldottetl and probed with a rabbit polyclonal anti-taum
PDK1 antibody which recognizes phosphorylated PDEqual loading was shown by reprobing the blot with
rabbit anti-human beta actin antibody. The blowvahs representative for four experiments.
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3.1.4 Infection with A. phagocytophilum activates protein kinase Cé
(PKCb) in neutrophils

Protein kinase C (PKC), a member of the lipid deleen serine threonine kinase family, is a
crucial player in the regulation of a wide rangeceflular activities notably differentiation,
survival and apoptosis (Deacon et al., 1997). $nnidtive state PK&Eis localised in the
cytosol. Upon activation PK&translocates to the plasma membrane. Activatio® €S
leads to extended life span of neutrophils by imuycthe nuclear factokB (NF-kB)
(Kilpatrick et al., 2002; Wang et al., 2003). Irder to investigate the role of PiK@n theA.
phagocytophilum-induced apoptosis delay, activation of RK@as assessed in infected cells
by determining translocatioof PKC from the cytosol to the cell membrane frawti
Cytosolic and cellmembrane fractions were isolated from infected ammhinfected
neutrophils by using differential centrifugatidrhe phorbol ester PMA was used as a positive
control in the experiment. Western blot analysieveh enhanced presence of RKiD the
membrane fraction of neutrophils infected wih phagocytophilum as compared to the
neutrophils cultured in medium alone (Fig. 8). Hhdicates that infection withA.

phagocytophilum activates PK& in neutrophils.

C M C M C M
A. phagocytophilum - - - - + +
PMA - - + + e “
Fig. 8 Infection of neutrophils with A. phagocytophilum activates the PK@. Neutrophils were incubated

with or without A. phagocytophilum for 3 hours. Cells were lysed in PKC translocatiafifdy following the
protocol described in methods and materials seckt@mbrane and cytosolic fractions of the cellseyerepared
by ultracentrifugation and analysed by westerntivigtafter separating the proteins with a 4-12 %d@g@nt SDS-
PAGE. Blots were probed with polyclonal rabbit amitman PKG@ antibody. Incubation with 10 nM phorbol
myristate acetate (PMA) for 5 minutes was usedhapositive control for PK&activation. Bands marked in red
boxes show the membrane translocation of PiKCOnfected and non infected neutrophils. A repreative blot
from three independent experiments is shown here.
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3.1.5 Infection with A. phagocytophilum induces the phosphorylation of
extracellular growth regulated kinases (ERK) in nearophils
Extracellular growth regulated kinase (ERK) is anmber of the mitogen actiavated protein

kinase family (MAPKs). ERK is a serine threonin@dse, activated by a variety of stimuli.
Mammalian cells contain five different types of ERKiong which ERK1 and ERK2 regulate
cellular differentiation and proliferation (Qi afdion, 2005). ERK promotes cell survival by
regulating several members of the Bcl-2 family. ny to PI3K/Akt, ERK1/2 regulates cell
death regulator proteins such as BIM, BAD and MahDbrder to prevent apoptosis. Some of
the recent studies suggest that, in addition tarats to regulate Bcl-2 family members,
ERK1/2 also inhibits the activation of both casp@8sand caspase-9 (Perianayagam et al.,
2004; Strasser et al., 2000). Western blot expearimne/ere carried out to examine whether
the ERK pathway is involved in the modulation obpfosis inA. phagocytophilum infected
neutrophils. Enhanced phosphorylation was obsemvedA. phagocytophilum infected
neutrophils after 1 h and 3 h of infection. No phtusrylation was detected in neutrophils

incubated in medium alone (Fig. 9)

1h 3h 5 min
Phospho ERK 172 = i 3
B actin S —— S —
A. phagocytophilum - + - + =
fMLP 2 - = - +

Fig. 9 Infection with A. phagocytophilum induces the phosphorylation of ERK1/2 in neutrophis.
Neutrophils were incubated with or withoAt phagocytophilum for the indicated time points and
phosphorylation of ERK1/2 was assessed by westkamalysis of whole cell lysates prepared
following the protocol detailed in the materialsdamethods section. The membranes were probed
with rabbit anti human ERK1/2 antibody which deseERK1/2 when phosphorylated. Equal loading
was confirmed by stripping the blot and reprobinghwabbit anti human beta actin antibody. A
representative blot of 3 independent experimenstigsvn. Incubation with tM fMLP for 5 minutes
was used in the experiment as a positive contrdEfeK1/2 phosphorylation.



Results 40

3.1.6 Infection with A. phagocytophilum activates NFkB in neutrophils
via the PI3K/Akt pathway

Nuclear factor—kappa B (NkB) is a transcription factor which tightly regulatehe
expression of numerous genes involved in host inemasponses, inflammatory reactions,
apoptosis, proliferation and differentiation (Aggat, 2000; Barkett and Gilmore, 1999). In
its non-activated state NikB is localised in the cytoplasm of the cell in dasssociation with
inhibitory kappa B #&B) (Henkel et al., 1993). During NKB activation, the inhibitory
subunit kB gets phosphorylated for polyubiquitination antdseguent degradation and thus
allows the free NReB to translocate to the nucleus. The KBEpathway has been shown to
be involved in the delay of neutrophil apoptosisimy infection with respiratory syncytial
virus (Lindemans et al., 2006) and following expesto the pro-inflammatory cytokines
GM-CSF and TNFe (Cowburn et al., 2004). In order to decipher whetF«B is activated

in A. phagocytophilum infected neutrophils,kB phosphorylation was assessed by western
blotting. The results revealed enhanced phosphaglaof IKB in A. phagocytophilum
infected neutrophils as compared to the cells iatedb in medium alone (Fig. 10). This
reflects the activation of NKB in infected cells. Since activation of PI3K-Akathway was
observed inA. phagocytophilum infected neutrophils therefore, | wanted to inwgestie
whether PI3K plays any role in regulating MB-activation inA. phagocytophilum infected
neutrophils. Neutrophils were pre-incubated withu®5 of the PI3K inhibitor LY294002 for
30 minutes and subsequently infected wAthphagocytophilum. Activation of NFKB was
determined by western blot analysis of phosphoeglakB. Activation of NFkB was
completely abolished by treatment with the PI3Kihitor LY294002 (Fig. 10)

Phospho T [
B actin uu— — G — ™

A. phagocytophilum - - + + =
L.Y294002 - + - + -
TNFo - - - & +

Fig. 10 Infection with A. phagocytophilum results in phosphorylation of KB in neutrophils Neutrophils
were either pretreated with the PI3K inhibitor LY®2 for 30 minutes or left untreated and thenlated with
or without A. phagocytophilum for 18 hours. Whole cell lysates were preparegassged in 10 % denaturing
SDS PAGE, electroblotted and probed with mouse hnthan kB antibody which detectskB only when
phosphorylated. Equal loading was comnfirmed byakeing the blot with rabbit anti human beta actiritzody.
The blot shown here is representative for threeepeddent experiments. TMR100 ng/ml) was used as a
positive control for kB phosphorylation.
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3.1.7 Inhibition of PISK and PKCé reverses theA. phagocytophilum
induced apoptosis delay in neutrophils

Activation of PI3K and PKE& was observed irA. phagocytophilum infected neutrophils.
Experiments with specific inhibitors were carriaat to investigate whether these kinases are
involved in the delay of apoptosis. The infectiahibited neutrophils apoptosis significantly
as compared to control cells (Fig. 11A, B). Praslmtion for 30 minutes with the PI3K
specific inhibitor LY294002 or with the PKCspecific inhibitor rottlerin reversed the
pathogen-mediated apoptosis delay (Fig. 11A, B ifhibitors alone had no effect on the
rate of constitutive neutrophil apoptosis. (FigA1B).
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A. phagocytophilum - - + 4+ A. phagocytophilum - -
LY294002 - + - + Rottlerin - +
A B
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Fig. 11  Treatment with the PI3K inhibitor LY294002 and with the PKCs inhibitor rottlerin reverses
the antiapoptotic effect of A. phagocytophilum in neutrophils. Neutrophils (5 x 19ml) were
incubated with or withoutA. phagocytophilum in the presence or absence of the PI3K inhibitor
LY294002 (25uM) (A) or the PKG inhibitor rottlerin (10uM) (B) at 37 °C for 18 hours. Data
represented here is the percentage of apoptotis deltermined by microscopic evaluation of
minimum 200 cells from 4 independent experimentlu¥s given here are mearsEM *p <0.05
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3.1.8 Infection with A. phagocytophilum stabilizes Mcl-1 by a PI3K/Akt
dependent manner
Myeloid cell leukaemia-1 (Mcl-1) is a member of taeti-apoptotic subgroup of the Bcl-2

protein family.. Mcl-1 has a very short half lifé -6 hours in granulocytes being subjected
to proteasomal degradation (Edwards et al., 2008¥posure of neutrophils to
proinflammatory cytokines like GM-CSF or to variopathogenic microorganisms extended
the life span of neutrophils by stabilizing the eegsion of Mcl-1 via a PI3K dependent
manner (Derouet et al., 2004; Lindemans et al.6206@fection withA. phagocytophilum was
shown to stabilize the expression of Mcl-1 in nephils (Choi et al., 2005). However, it has
not been investigated which pathway is involvedthe stabilization. To investigate if
stabilization of Mcl-1 inA. phagocytophilum infected neutrophils occurs via the PI3K/Akt
pathway, cells were pre-incubated with g8l of the PI3K inhibitor LY294002 for 30
minutes and the expression of Mcl-1 was assesse&debtern blotting. The results show that
the infection-mediated stabilization of Mcl-1 walsr@gated after treatment with the PI3K
inhibitor. Therefore, it can be concluded that atiien with A. phagocytophilum stabilizes
Mcl-1 in neutrophils via the PI3K/Akt pathway (FitR).

LY294002
Mcl-1 —
Ractn, Qb QP G W G
A. phagocytophilum - + - - + -
GM-CSF - - + - - +

Fig. 12  Pretreatment with the PI3K inhibitor LY294002 abrogates theA. phagocytophilum induced
stabilization of Mcl-1 in neutrophils. Neutrophils were cultivated with or without 28 of the
PI3K inhibitor LY294002 for 30 minutes and thenubated with or withouA. phagocytophilum at
37 °C for 6 hours. Whole cell lysates were prepaed separated in 10 % denaturing SDS PAGE,
electroblotted and probed with rabbit anti human-Mantibody. Equal loading was confirmed by
reprobing the blot with rabbit anti human beta racintibody. Representative picture from three
independent repetitive experiments is shown. GM-CBRg/ml) was used as a positive control for
Mcl-1 stabilization.
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3.1.9 Infection with A. phagocytophilum induces the release of the pro-
inflammatory cytokine IL-8 from neutrophils.
Upon stimulation with pro-inflammatory agents suaé GM-CSF or after infection with

various pathogens, neutrophils release a varietyprofinflammatory cytokines. These
cytokines can extend the life span of neutroplnilan autocrine manner (Dunican et al., 2000;
van Zandbergen et al.,, 2004). Experiments wereiecammut to characterize the cytokine
profile of A. phagocytophilum infected neutrophils. Neutrophils were co-incubavgth or
without A. phagocytophilum for 18 hours at 37 °C. A cytokine array, which aetect 36
cytokines simultanously, was used to determinecttiekine profile in culture supernatants of
infected neutrophils. Among others, the resultsastiee presence of high level of IL-8 in the
supernatant of infected neutrophils (Fig. 13A). Bl@ament of IL-8 by using ELISA
confirmed the finding of the array experiment. Tresults show high levels (~80 ng/ml) of
IL-8 in the culture supernatant & phagocytophilum infected neutrophilgFig. 13B). This
observation is in accordance with an earlier olzdeya where it has been shown that the
infection withA. phagocytophiluminduces IL-8 (Choi et al., 2005).
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Fig. 13 Release of IL-8 from neutrophils after infetion with A. phagocytophilum. Neutrophils were
incubated with or without cell fre&. phagocytophilum for 18 hrs. After incubation supernatants were
collected and cytokine array was performed accortbrthe manufacturer’s instructions (A). B17 and
B18 (red frames) represent IL-8. The IL-8 contenthie supernatants was measured by ELISA from 3
independent experiments (B).
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3.1.10 A. phagocytophilum induced IL-8 production depends on the
activation of NFkB, PI3K/Akt, PKC &, and ERK1/2 pathways
Interleukin-8 (IL-8) is a prototype chemotactic @kfine which attracts neutrophils. Infection

with A. phagocytophilum induces high amount of IL-8 release. It has beetunhented that
TNF-treated neutrophils release IL-8 in a KB-dependent manner. A number of kinases
have been reported to regulate IL-8 release vid\#h&B dependent pathway (Jo et al., 2004;
Kim et al., 2005; Profita et al., 2008). PI3K/AIERK1/2, and PK@& have been shown to
regulate the activation of NF-kB in neutrophils I@€trick et al., 2006; Lindemans et al.,
2006; Ozes et al.,, 1999; Wang et al.,, 2003). Ineortb investigate whether thaA.
phagocytophilum induced IL-8 production is regulated via the KB-activation, an inhibitor
approach was taken. Using the KB-inhibitor BAY 11-7082, significant inhibition of_-8
release was observed W phagocytophilum infected neutrophils (Fig. 14). In addition,
LY294002, U0126 and rottlerin, inhibitors for PIBKIEK1/2 and PK@, respectively, also
inhibited significantly the IL-8 release from. phagocytophilum infected neutrophils (Fig.
14).

1001

\‘
a1
1

IL- 8 (ng/ml)
al
e

N
(6]
1

0-

A. phagocytophilum - +
LY294002 - -
Rottlerin - -

BAY 11-7082 - - - -
voize - - - - - - - - + +

IS
|
Voo -
o+
|
|
|
|

Fig. 14  IL-8 production depends on the activation bPI3K/Akt, ERK1/2, PKC & and NFKB pathways in
A. phagocytophilum infected neutrophils Neutrophils (5 X 10ml) were preincubated with
pharmacological inhibtors of PI3K (LY294002, g&1), MEK1/2 (U0126, 10uM), PKC3 (rottelrin,
10 uM), NF-kB (BAY 11-7082, 0.5uM) for 30 minutes. Cells were then incubated widi &ree A.
phagocytophilum for another 18 hours. Supernatants were then ¢etleend IL-8 was measured by
ELISA. Values given here are mean SEM from three independent experiments, **p<0.005,
***n<0.0005, as compared to IL-8 releasefofphagocytophiluminfected neutrophils.
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3.1.11 Supernatants ofA. phagocytophilum infected neutrophils delay the
spontaneous apoptosis of neutrophils

At inflammatory foci neutrophil granulocytes come ¢ontact with a wide range of pro-
inflammatory cytokines like GM-CSF and IL-8. BottM3SCSF and IL-8 have been reported
to extend the life span of neutrophils (Kettritzaét 1998; Klein et al., 2000). Since IL-8 has
been shown to delay the apoptosis (Kettritz et 198) and a high amount of IL-8 was
detected in the culture supernatantsAophagocytophilum infected neutrophil granulocytes
(Fig ), experiments were performed to test wheth#ture supernatants have any effect on
neutrophil apoptosis. Supernatants frAnphagocytophilum infected neutrophil granulocytes
were collected after 18 hours. Freshly isolatechgi@cytes were incubated in the presence of
these supernatants for 12 hours. Apoptosis wasureghby using annexin-V and PI staining.
The results show a significant inhibition of apa$oin the presence of supernatants as
compared to the cells incubated in medium only.(EgA). Although IL-8 has been reported
to delay neutrophils apoptosis, | investigated Wwhletthe concentration of IL-8 which is
present in the culture supernatant was sufficientdélay the apoptosis programme of

granulocytes. 100 ng/ml of recombinant IL-8 led dignificant apoptosis inhibition of
neutrophils (Fig. 15B).
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Fig. 15 Inhibition of neutrophil apoptosis by cultue supernatant of A. phagocytophilum infected
neutrophils and by recombinant IL-8. Neutrophils were incubated with phagocytophilum for 18
hours; supernatant was collected, centrifuged #&®@0x g for 10 minutes twice and used to incubate
freshly isolated neutrophils for 12 hours at 37 (X}. Neutrophils were incubated with or without
recombinanat IL-8 (100 ng/ml) for 12 hours (B) a 3C. Rate of apoptosis was determined by
annexing V and PI staining as detailed in the netand methods section. Data represented here is
the percentage of apoptotic cells (annexin postiwePI| negative cells were considered only) from 3
independent experiments. Values given here are m&kM, **p<0.005
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3.2 Co-incubation with Chlamydia pneumoniae infects
neutrophil granulocytes and delays their constitutve
apoptosis

In previous studies from our group it was showrt tha obligate intracellular Gram negative

bacterial pathogef€hlamydia pneumoniae infects granulocytes and delays their spontaneous

apoptosis (van Zandbergen et al., 2004). Howelierpntechanism of. pneumoniae induced
apoptosis delay of neutrophils remained unclestehded to study the molecular mechanism
how this pathogen delays the spontaneous apoptdsistrophils were incubated with or
without Chlamydia pneumoniae for 18 hours and apoptosis rate were determined
morphologically. The results show a clear inhimtiaf apoptosis in neutrophils co-incubated
with C. pneumoniae as compared to neutrophils incubated in mediumeald-ig. 16E). In
order to check whethethlamydia infects neutrophils, an immunofluorescence stainig
carried out using a Chlamydia staining kit. Resaoftshe immunofluorescence staining have

revealed brightly staine@. pneumoniae in neutrophils. This proves that incubation @f

pneumoniae infects neutrophils. Representative pictures ahimofluorescence (Fig 16A, B)

and Diff-Quick® stained (Fig 16C, D) non infected (Fig 16A, C) anfécted (Fig 16B, D)

neutrophils are shown.

Neutrophil apoptosis (%)

C. pneumoniae -+
E

Fig. 16 C pneumoniae infects neutrophils and delays their spontaneouspaptosis. Neutrophils were
incubated with or without. pneumoniae for 18 hours. Cells were harvested, cytospin praear
were stained either by Diff-Qui€k (C, D) or used for immunocytochemical staining for
pneumoniae (A, B) as detailed in the materials and methodti@e Representative pictures of both
immunocytochemical and Diff-Qui€kstained non-infected (A, C) and infected (B, D)lxare
shown. Immunofluoresence staining revealed brigétynedC. pneumoniae pointed out by arrow in
the infected cells (B). Percentage of apoptotidscehown here (E) obtained from microscopic
counting of a minimum of 200 cells in 4 independexperiments. Values are given in meaSEM.

*** 1 <0.0005
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3.2.1 Infection of neutrophils with Chlamydia pneumoniae upregulates
the phosphorylation of Akt
The serine threonine kinase Akt is considered tdheecell signalling hub because of its

versatile functions. Among other functions it playsritical role in controlling cell survival
(Manning and Cantley, 2007). Akt can extend the &pan of cells by directly regulating
various downstream effector proteins. For instadge prevents the pro-apoptotic function of
BAD (member of Bcl-2 family) by phosphorylating the set*° residue. This event enhances
the release of the BAD protein from its originall[8g bound mitochondrial membrane
association to the cytoplasm where it binds thetlgrotein 14-3-3 (Datta et al., 1997). Akt
has also been shown to control mitochondrial ameptoy preventing cytochrome C release
(Kennedy et al., 1999; Whitlock et al., 2000) adobocessing caspase-9 (Jeong et al., 2008).
Since the life span of neutrophils was extendeer aftfection withChalmydia pneumoniae |
aimed to investigate whether the infection actisadt signalling in neutrophils to achieve
this delaying effect. To address this question rfggened western blotting from whole cell
lysates of neutrophils incubated with or witho@ pneumoniae and checked the
phosphorylation status of Akt. The results showaak®ad enhancement of phosphorylation of
Akt in neutrophils incubated witG. pneumoniae (Fig. 17).
30 min 1h
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C. pneumoniae - + - * =
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Fig. 17 Infection with C. pneumoniae upregulates the phosphorylation of Akt in neutrophils. Neutrophils
were cultured with or without Cpneumoniae for the indicated time points and western blot gsial was
performed from whole cell lysates. Proteins wengasated in 10% SDS PAGE, electroblotted and profigul
rabbit anti human Akt antibody which detects Aktyowhen phosphorylated at $Etsite. Equal loading was
shown by stripping and reprobing the blot with rafamti human beta actin antibody. The blot shownehis
representative of four independent experimdimsubation with 1uM fMLP for 5 minutes was used in the
experiment as a positive control.

3.2.2 Infection of neutrophils with Chlamydia pneumoniae upregulates
the phosphorylation of ERK1/2

Mammalian cells contain five distinct families oftagen activated protein kinases (MAPK),
namely extracellular signal regulated kinses (ERiH ERK2), p38 MAPK (p38 p383,
p38y and p38), JUN N-terminal kinases (JNK1, JNK2 and JNK3),K3R and ERK5 (Qi
and Elion, 2005). ERK1 and ERK2 have been foundetulate various cellular functions
including survival (Jeong et al., 2008; Subramaraawa Shaha, 2007). ERK can regulate

apoptosis at different levels upstream or downstre# mitochondria as delineated in
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previous studies (Gardai et al., 2004; Perianayagiaal., 2004). Activation of ERK1/2 has
been reported to regulate neutrophil apoptosisifierdnt pathological conditions or after
exposure to mediators such as GM-CSF (Derouet,e2@4; Iwase et al., 2006). As infection
with Chlamydia delays the spontaneous apoptosis in neutrophiEmed to investigate
whether activation of ERK1/2 is involved in the alghg effect of apoptosis on neutrophils.
Western blot analysis of whole cell lysates wasiedrout to asscess the phosphorylation
status of ERK1/2. The results show a strong upeggul of ERK1/2 phosphorylation i@.
pneumoniae infected neutrophils compared to the cells incubatenedium alone (Fig. 18).
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Fig. 18 Infection with C. pneumoniae enhances the phosphorylation of ERK1/2 in neutrophs.
Neutrophils were incubated with or witho@ pneumoniae for 1 hour and phosphorylation of
ERK1/2 was assessed by western blot analysis ofendell lysates probed with a rabbit anti human
ERK1/2 antibody which detects ERK1/2 only when pitasylated. Equal loading was confirmed by
stripping the blot and reprobing with a rabbit ahtiman antibody which detects both the
phosphorylated and non-phosphorylated ERK1/2 fwstl then with an ant-actin antibody. A
representative blot of 3 independent experimenstigsvn. Incubation with tM fMLP for 5 minutes
was used in the experiments as a positive control.

3.2.3 Infection of neutrophils with C. pneumoniae enhances the
phosphorylation of p38 MAPK
p38 MAPK, a member of the MAPK family, exerts batfiti-apoptotic (Alvarado-Kristensson

et al.,, 2004; Choi et al., 2005) and pro-apoptefilects in different cell types including
neutrophils (Alvarado-Kristensson et al., 2002; iba et al., 1999). Cell fate depends upon
the tight balance between the levels of ERK1/2 a®8 MAPK (Suh, 2002). Since ERK1/2
has been observed to be upregulate€.ipneumoniae infected neutrophils | addressed the
guestion whether p38 MAPK is activated after infact Activation of p38 MAPK was
investigated by assessing the phosphorylation 8f[MBPK by western blotting. The results
show enhanced phosphorylation of p38 MAPK in irddctells after 30 minutes and 1 hour

of infection as compared to cells incubated in medalone.
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Fig. 19 Infection with C. pneumoniae enhances the phosphorylation of p38 MAPK in neutropils.
Neutrophils were incubated with or witho@. pneumoniae for the indicated time points and
phosphorylation of p38 MAPK was assessed by wedirnhanalysis of whole cell lysates probed
with a rabbit anti human p38 MAPK antibody whichtetgs p38 MAPK only when phosphorylated.
Equal loading was confirmed by stripping the blod aeprobing with a rabbit anti human p38 MAPK
antibody which detects both phosphorylated and pfwosphorylated p38 MAPK and then with an
anti humanp-actin antibody. A representative blot of 3 indegemt experiments is shown here.
Incubation with 1uM fMLP for 5 minutes was used in the experimentsag®sitive control for p38
MAPK phosphorylation.

3.2.3 Inhibition of PI3K/Akt and ERK1/2 but not p38 MAPK and PKC o
signalling reverses the Chlamydia induced apoptosis delay in
neutrophils

Signalling via the PI3K/Akt axis is considered te #he major survival signal in several cell

types including neutrophils. It has been shown #uaivation of PI3k/Akt as well as ERK1/2
results in extended life span of neutrophils. Alth activation of PI3K/Akt and ERK1/2
pathway was observed i@. pneumoniae infected neutrophils (Fig. 20) it has not been
clarified whether these pathways indeed have arigctefon delaying of apoptosis in
Chlamydia infected neutrophils. In order to decipher whetihese pathways are important in
exerting Chlamydia induced delaying of neutrophil apoptosis, an inbibiapproach was
taken. Cells were pre-incubated with LY294002, UR13B 203580 and rottlerin, the
inhibitors of PI3K, MEK1/2, p38 MAPK, PKG, respectively, for 30 minutes or left
untreated and subsequently incubated with or witbyneumoniae for 12 hours at 37 °C.
Apoptosis rate was assessed by annexin-V and iRlrgjaTreatment with the PI3K inhibitor
LY294002 (Fig. 20A) and with the MEK1/2 (upstreammdse of ERK1/2) inhibitor U0126
(Fig. 20B) reversed th€. pneumoniae induced apoptosis delay in neutrophils. Howeuss, t
delaying effect was not altered when the cells westreated with the p38 MAPK inhibitor
SB203580 (Fig. 20C) or with the Pa@nhibitor rottlerin (Fig. 20D). The inhibitors ale had
no effect on the rate constitutive apoptosis oftrogahnil granulocytes (Fig. 20 A-D). These
results suggest that infection with pneumoniae exerts the apoptosis delay in neutrophils by
modulating PI3K/Akt and ERK1/2 pathways.
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Fig. 20 Inhibitors of PI3K and MEK 1/2 but not of p38 MAPK and PKCé reverse theC. pneumoniae
induced anti-apoptotic effect in neutrophils. Neutrophils (5 x 1®ml) were incubated with or
without C pneumoniae in the presence or absence of the PI3K inhibit6224002 (25uM) (A) or
the MEK1/2 inhibitor U0126 (1@M) (B) or the p38 MAPK inhibitor SB203580 (1M) (C) or the
PKCS inhibitor rottlerin (10uM) (D) at 37 °C in a 5% C@atmosphere for 12 hours. Cells were
harvested and annexin-V and Pl staining were ahroet to asscess neutrophil apoptosis. Data
presented here is the percentage of apoptotic (atlsexin positive but Pl negative cells) from 8
independent experiments. Values given here are m&M, ***p<0.0005,p<0.05

3.2.4 Infection with C. pneumoniae stabilizes Mcl-1 expression via the
PI3K/Akt pathway

Mcl-1, an antiapoptotic protein of the Bcl-2 protefamily with a very short half life,

undergoes rapid proteasomal degradation. It has besealed that Mcl-1 contains
characteristic protein sequences (PEST sequencedfamong various unstable proteins
which is considered as a probable reason for st $ifie span (Akgul, 2008). Mcl-1 prevents
cytochrome C release from the mitochondria by dyemteracting with pro-apoptotic

members of the Bcl-2 family (Akgul, 2008). Rapidydedation of Mcl-1 has been observed in
neutrophils. However exposure to various pro-inflatory mediators and infections with

certain intracellular pathogens extend the neuitdidr span by stabilizing Mcl-1 (Bouchard
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et al., 2004; Choi et al., 2005; Leuenroth et2000). Moreover, Mcl-1 has been reported to
be a critical factor for prevention of apoptosisGnlamydia trachomatis infected Hela cells
(Rajalingam et al., 2008). All this background imf@tion intrigued me to investigate
whether stabilization of Mcl-1 occurs @ pneumoniae infected neutrophils and whether the
PI3K/Akt pathway plays any role in the stabilizatiof Mcl-1. The question was addressed by
western blot analysis to detect Mcl-1 in whole dg#lates of neutrophils incubated with or
without C. pneumoniae. To investigate the role of PI3K/Akt, the PI3K ibfior LY294002
was used in the experiments. Western blotting ledethat Mcl-1 is stabilized in infected
neutrophils (Fig. 21). However, no Mcl-1 stabilipat was observed after treatment of 28

of PI3K inhibitor LY294002 (Fig 21). Therefore,aan be concluded that infection with
pneumoniae stabilizes the Mcl-1 in neutrophils via the PI3KtAlathway.

L.Y294002

Mel-1 _
B actin M SIS S - -

C. prneumoniae - + - = +
GM-CSF - - + - -

Fig. 21  Infection with C. pneumoniae results in Mcl-1 stabilization in neutrophils in a PI3K-dependent
manner. Neutrophils were incubated for 6 hours with or withC. pneumoniae, either pretreated
with the PI3K inhibitor LY294002 for 30 minutes ¢eft untreated and whole cell lysates were
prepared, electroblotted and probed with a rabbit Buman Mcl-lantibody. Equal loading was
confirmed by stripping and reprobing the blot wihrabbit anti human beta actin antibody. A
representative blot from three independent expeartisns shown here.

3.2.5 Infection with C. pneumoniae activates NFKB in neutrophils via
the PI3K/Akt pathway

Nuclear factor kappa B (NkB) has been shown to regulate neutrophil apoptd3is.
instance, under hypoxic conditions or at high terapee the life span of neutrophils have
been shown to be extended via KB-(Kettritz et al., 2006; Walmsley et al., 2005heTNF-
KB pathway was shown to play a role in the apoptdslay after exposure of neutrophils to
inflammatory mediators like TNE IFNB or after infection with intracellular pathogens
(Cowburn et al., 2004; Lindemans et al., 2006; Wangl., 2003). On the other hand it has
been reported that inhibition of NdB accelerates neutrophil apoptosis (Choi et al0320
Moreover, activation of NikB has been found to be responsible for apoptosistaace in
Chlamydia pneumoniae infected epithelial cells (Paland et al., 2006).s&h on this
background information, | aimed to investigate kB--actvation inC pneumoniae infected
neutrophils. Since the PI3K/Akt pathway was fourddivated (Fig. 17) and PI3K/Akt is

known to activate NikB (Lindemans et al., 2006), | also wanted to inigaseé whether the
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PI3K/Akt pathway is required for the regulation NF-kB activation inC. pneumoniae
infected neutrophils. | addressed both questionpdrjorming western blot experiment for
phosphorylatedkiB using whole cell lysates of neutrophils incubateith or without C.
pneumoniae with or without the PI3K inhibitor LY294002. The swlts show a marked
upregulation of KB phosphorylation irC. pneumoniae infectedneutrophils. This effect was
abrogated after treatment with the PI3K inhibiteig( 22).

Phospho IxB e ———
B actin <N T T T —_—
+ + -

C. pneumoniae - -

LY294002 - + - + -
TNFu . - - - +

Fig. 22  Pretreatment with PI3K inhibitor LY294002 abrogates theC. pneumoniae mediated activation
of NF-kB in neutrophils. Neutrophils were incubated with or witho@ pneumoniae, either
pretreated with the PI3K inhibitor LY294002 for &tinutes or left untreated and whole cell lysates
were prepared. Proteins were separated in 10% ==Pelectroblotted and probed with a mouse
anti human #B antibody which detectkB only when phosphorylated. Equal loading was corgd
by stripping and reprobing the blot with rabbitidmiman beta actin antibody. A representative blot
from three independent experiments is shown. TN wsed as positive control for NB
activation.

3.2.6  TheC. pneumoniae induced apoptosis delay of neutrophils is NF-
KB dependent
Previous studies clearly indicate that activatidn Nd--kB in neutrophils exert an anti

apoptotic effect (Cowburn et al., 2004; Lindemanalg 2006). | have also found that XB-

Is activated in neutrophils after infection wigh pneumoniae (Fig. 22). However, it is not
known whether activation of NKB is essential forC. pneumoniae induced neutrophil
survival. In order to delineate this, BAY 11-7082, pharmacological inhibitor ofkB
phosphorylation, was used. Briefly, neutrophils eveeated with 0.pM of BAY 11-7082 for
30 minutes or left untreated and subsequently ia@dbwith or withouC. pneumoniae for 12
hours. The apoptosis rate of neutrophils was deteinby using annexin-V and Pl staining.
It was observed that treatment witkBl inhibitor partially but significantly reverseddic.
pneumoniae induced apoptosis delay (Fig. 23). Therefore, tailt suggests that activation

of NF-kB plays a role in apoptosis delay@ pneumoniae infected neutrophils.
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Fig. 23 Inhibition of 1kB phosphorylation partially reverses C. pneumoniae induced delaying of
apoptosis in neutrophils.Neutrophils (5 x 10ml) were pretreated with 0,6V of the KB inhibitor
BAY 11-7082 for 30 minutes or left untreated. Suussntly the cells were incubated with or without
C. pneumoniae for 12 hours at 37 °C. Cells were then harvestatitha rate of apoptotic cells was
determined by annexin-V and PI staining. Data priesk here is the percentage of apoptotic cells
(annexin positive but PI negative cells were comigid only) from 3 independent experiments. Values
given here are meanSEM,"p<0.05.

3.2.7 Infection with C. pneumoniae induces IL-6 and IL-8 release from
neutrophil granulocytes

Neutrophils release a variety of pro-inflammtoryatynes upon exposure to stimuli such as
GM-CSF, G-CSF or upon infection with several inglhdar pathogens. Infection with
respiratory syncytial virus induces IL-6 releasenir neutrophils (Arnold et al., 1994;
Lindemans et al., 2006). Stimulation with GM-CSFs ieeen shown to induce IL-6 release
from neutrophils (Cicco et al., 1990). Recently@lwas shown to inhibit the apoptosis of
neutrophils and other cell types (Asensi et alg&2&uo et al., 2001; Lindemans et al., 2006;
Wei et al., 2001).

Another chemokine, IL-8, is also secreted by nealtils. Upon stimulation with pro-
inflammatory cytokines, and bacterial products (LFR® after infection with intracellular
pathogens IL-8 is released from an intracellulaolpdrecently it has been shown that
infection with C .pneumoniae also induces IL-8 release from neutrophil granulesy(van
Zandbergen et al., 2004). It has been well docuetkeiitat exposure to pro-inflammatory
cytokines like IL-8, GM-CSF or G-CSF delays the piosis of neutrophils (Kettritz et al.,
1998; Klein et al., 2000; Maianski et al., 2004).. tAis background information intrigued me
to investigate the cytokine profile &. pneumoniae infected neutrophils early (6-18 hours)

after infection.
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In order to analyse the cytokine profile of neutbgupernatants, a cytokine array assay was
carried out which can detect 36 different cytoksimultaneously. The assay revealed the
presence of high amount of IL-6 in the supernatah. pneumoniae infected neutrophils as
compared to the non infected neutrophils (Fig. 24M)e array results showed also the
presence of IL-8 in the supernants. Quantitativierdanation of IL-6 and IL-8 by ELISA
confirmed the results of the array experiments shgwhe presence of high amounts of both

cytokines in the supernatants@fpneumoniae infected neutrophils (Fig. 24B, 24C).
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Fig.24  Release of IL-6 and IL-8 from neutrophils ater infection with C. pneumoniae. Neutrophils were
incubated with or withouE. pneumoniae at 37 °C for the indicated time points and supemmiatwere
collected. Cytokine array was performed accordiagtite manufacturer’s instructions using the
supernatants (A). B15 and B16 (red rectangles)esgmt IL-6 and B17 and B18 (black rectangles)
represent IL-8. The IL-6 and IL-8 contents in theparnatants were measured by ELISA (B, C
respectively). (n.d: not detectable). Values giveare are meat SEM from three independent
experiments **p<0.005, ***p <0.0005.
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3.2.8 The C. pneumoniae induced IL-8 production depends on the
activation of the NFkB, PI3K/Akt and ERK1/2 pathways

Previously it was reported that TMRreatment induces IL-8 release from neutrophil&in
NF-kB dependent manner (Cowburn et al., 2004). PI3K/aktl ERK1/2 were shown to
regulate NF<B activation in neutrophils (Kilpatrick et al., 2800zes et al., 1999; Wang et
al., 2003). Experiments with pharmacological intuts were carried out to elucidate which
signalling pathways are involved in t pneumoniae-induced IL-8 release by neutrophils.
Using the NF«B inhibitors BAY 11-7082 and MG-132, a significargduction in IL-8
production was observed. Similarly, inhibition of3R and ERK1/2 with LY294002 and
U0126, respectively, also significantly reduced @hgneumoniae-induced IL-8 release (Fig.
25)
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Fig. 24  IL-8 production depends on the activation DPI3K/Akt, ERK1/2 and NF-kB pathways in C.
pneumoniae infected neutrophils. Neutrophils (5 X 10ml) were preincubated with or without
pharmacological inhibtors of PI3K (LY294002, g&1), MEK1/2 (U0126, 1QuM), NF-kB (BAY 11-
7082, 0.5uM and MG-132, 1QuM) for 30 minutes. Cells were then incubated withpneumoniae
for 18 hours. Supernatants were then collectedlias®dwas measured by ELISA. Values given here
are meant SEM from three independent experiments. **p<0B@s compared to the neutrophil
incubated in the medium alon&p<0.005 as compared to IL-8 releaseQfpneumoniae infected
neutrophils

3.2.9 Incubation of neutrophils with culture superratant of Chlamydia.
pneumoniae infected neutrophils delays the apoptosis
Exposure to pro-inflammatory cytokines results e tdelay of constitutive apoptosis of

neutrophil granulocytes. Infection of neutrophilghaC. pneumoniae was reported to release
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high amounts [(60-100 ng/ml) of IL-8 at a later time point (66 hguof infection (van
Zandbergen et al., 2004). It has been also denatedtrthat supernatants Ghlamydia
infected neutrophils collected 66 hours after ititec could inhibit the neutrophil
spontaneous apoptosis and this inhibition was nedliay IL-8 present in the supernatants
(van Zandbergen et al., 2004). However, it hasbeen investigated whether supernatants of
C. pneumoniae infected neutrophils early (6-18 hours) after itf@t has the potential to
inhibit neutrophil apoptosis. Since high amountdle6é was found in early 6 hours and IL-6
have been reported to inhibit neutrophils apopt@sisdemans et al., 2006) therefore it is
important to know whether supernatantsCoppneumoniae infected neutrophils early after 6-
18 hours does also play any role in inhibiting tretrophil apoptosis. Experiments were
carried out by incubating neutrophil granulocyteghwsupernatants ofC. pneumoniae
infected neutrophil collected 6 and 18 hours aftéection. The apoptosis rate was assessed
by using annexin-V and PI staining. Neutrophilsuinated in the culture supernatant showed

significantly reduced apoptosis compared to thks getubated in medium only (Fig. 26).
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Fig.26  Culture supernatants of C. pneumoniae infected neutrophils delay neutrophil apoptosis.
Neutrophils were incubated wit. pneumoniae for 6 and 18 hours, supernatant was collected,
centrifuged at 20000 x g for 10 minutes twice asdduto incubate freshly isolated neutrophils for 12
hours at 37 °C. The rate of apoptosis was detedrixyyeannexing-V and PI staining. Data presented
here is the percentage of apoptotic cells (annexpositive but Pl negative cells were considered

only) from 3 independent experiments. Values gitene are mear SEM, p<0.05 (Two way
ANOVA with Bonferoni post tests).

3.2.10 Infection with C. pneumoniae leads to reduced surface expression
of FAS (CD95) in neutrophils

A characteristic feature of neutrophils is theinstitutive apoptosis. The complex process of
apoptosis can be initiated via death receptor $mggpavhere ligation of death receptors is
considered to be the crucial step. This is callesl éxtrinsic pathway of apoptosis. On the
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other hand apoptosis could be triggered by pertimbaf intracellular homeostasis which is
called the intrinsic pathway of apoptosis. Bothhpatys converge at the executional caspase-
3 signalling and finally lead to apoptosis (FemidaKroemer, 2001). Recently it has been
shown that infection withC. pneumoniae delays the spontaneous apoptosis of neutrophils
(van Zandbergen et al., 2004). Since neutrophitsess enhanced levels of FAS on their cell
surface during apoptosis and FAS expression isngooitant step in their spontaneous
apoptosis (Daigle and Simon, 2001; Ge and Riki2€@6; Scheel-Toellner et al., 2004), |
investigated whether infection wit@. pneumoniae affects FAS expression on neutrophils.
FAS expression was analysed by flow cytometric ysigal using an anti FAS antibody
conjugated with RPE. The results show a signifigatdwer expression of FAS irC.
pneumoniae infected neutrophils compared to the control wheedls were incubated in
medium alone (Fig. 27). Therefore, results show dpart from modulating intrinsic pathway
of apoptosis, infection witlC. pneumoniae also extends the life span of host cell neutrophil

modulating extrinsic pathway of apoptosis.
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Fig. 27 Infection with C. pneumoniae decreses surface expression of FAS on neutrophideutrophils
were incubated with or witho@. pneumoniae for 16 hours and expression of FAS was assessed by
staining the cells with RPE conjugated anti CD96baaly. Staining with isotype control antibody for
both uninfected and infected neutrophils are gibgnlight and dark histograms respectively. The
histograms and mean fluorescence intensities are éme representative experiment. In the brackets
meant+ SEM of the mean fluorescence intensities of tlevggeriments are givefp<0.05
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3.3 Leshmania. major promastigotes infect neutrophil
granulocytes and delay their spontaneous apoptosis
As described above, infection on neutrophils withe ttwo bacterial pathogens.

phagocytophilum and C. pneumoniae leads to apoptosis delay and, as a consequence, to
extended life span of these otherwise short-liaatls. In addition, it has been shown by our
group that the protozoan paraditanajor can infect neutrophils which also leads to apaptos
delay (Aga et al.,, 2002; Laufs et al., 2002). Hogrewhe molecular mechanism of this
apoptosis delay is still unclear. | aimed to studhyich molecular signalling mechanisms are
modulated in neutrophils Hy. major in order to prevent apoptosis. Neutrophils wereatdd

with L. major promastigotes for 18 hours and the rate of apopteas assessed. The results
showed a marked inhibition of neutrophil apoptosiier infection with L. major
promastigotes (Fig. 28A, B, and D). Cytospin prepss of neutrophils revealed
morphological intact intracellular parasites in tmnephils (Fig. 28C). These results confirm

former findings that.. major infects neutrophils and delays their apoptosis.
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Fig. 28 L. major promastigotes infect neutrophil granulocytes and elay their apoptosis. Neutrophils
were incubated with or witholt major promastigotes for 18 hours at 37 °C. Cells were gtained
with Diff-Quick®. Representative pictures of non-infected (A) amigédted cells (B, C) are shown.
Black and blue arrows show nuclear and kinetodld$A of the parasite, respectively. The rate of
apoptotic cells (D) was determined by microscopaurging of minimum 200 cells from 3
independent experiments. Values are given as &M, * p <0.05

3.3.1 Infection with L. major does not lead to phosphorylation of PI3K
and Akt in neutrophils

Activation of PI3K/Akt is a pivotal pathway and aajor cell survival signal as Akt

phosphorylates a variety of substrates which direicteract with the apoptosis cascade.
Activation of Akt depends on the phosphorylationPd8K and upon activation it inhibits the
apoptosis by modulating various targets such as BRAKHR and caspase-9 (Brunet et al.,
1999; Datta et al., 1997; Perianayagam et al., R0AKt has been reported to inhibit the
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cytochrome C release which is one of the crucigsin the intrinsic pathway of apoptosis
(Kennedy et al., 1999). Since infection withmajor delays neutrophils apoptosis, | aimed to
investigate whethdr. major infection activates PI3K/Akt in neutrophils by dyipg western
blot analysis. No enhancement of phosphorylatioreitfer PI3K (Fig. 29A) or Akt (Fig.

29B) was observed in. major infected neutrophils.
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Fig. 29 Infection with L. major does not lead to the phosphorylation of PI3K and Akin neutrophils.
Neutrophils were incubated with or witholit major for the indicated time points and the
phosphorylation of PI3K and Akt was assessed bfopaing western blot analysis with a rabbit anti
human PI3K antibody which detects the p85 regwasmibunit of PI3K only when phosphorylated
(A) or with a rabbit anti human Akt antibody whidetects Akt only when phosphorylated at*Ser
site (B). Equal loading was confirmed by strippemd reprobing the blots with a rabbit anti human
beta actin antibody. A representative blot of 3eipehdent experiments is shown. For the Akt blot
equal loading was further confirmed by probbinghwét rabbit anti human Akt which detects both
phosphorylated and non phosphorylated Akt. Incobatvith 1M fMLP for 5 minutes was used in
the experiment as a positive control for the phosghtion of Akt

3.3.2 Infection with L. major upregulates the phosphorylation p38
MAPK and ERK1/2 in neutrophils

p38 MAPK and ERK1/2 have been reported to act disapoptotic signals in neutrophils.
Exposure to various mediators or bacterial coreitsi such as GM-CSF or LPS activates
these kinases in neutrophils (Coxon et al., 2003p @t al., 2006; McLeish et al., 1998).
Activation of p38 MAPK has been observed An phagocytophilum infected neutrophils
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where the pathogen delays the apoptosis via thlsmag (Choi et al., 2005). Activation of
ERK1/2 has been shown to regulate neutrophil apigptoy regulating phosphorylation of
BAD (Perianayagam et al., 2004). Since infectionhwi. major extends the life span of
neutrophils, | investigated whether the infectiativaates the members of MAPKs to employ
its anti-apoptotic effect. The question was addrédsy performing western blot analysis of
whole cell lysates of neutrophils incubated withvathout L. major for 30 minutes. The
results show a rapid and strong enhancement ofpploogation of both p38 MAPK (Fig.
30A), and ERK1/2 after infection (Fig 30B).
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Fig. 30  Infection with L. major enhances the phosphorylation of p38 MAPK and ERK1/&h neutrophils.
Neutrophils were incubated with or without major for 30 minutes and phosphorylation of p38
MAPK and ERK1/2 was assessed by performing wedtkatnanalysis probed either with a rabbit anti
human p38 MAPK antibody or with a rabbit anti huni&RK1/2 antibody which detects p38 MAPK
(A) and ERK1/2 (B) respectively only when phospHatgd. Equal loading was confirmed by
stripping and reprobing the blot with a rabbit dntiman beta actin antibody. A representative biot o
3 independent experiments is shown.

3.3.3 Inhibition of ERK1/2 reverses thd.. major induced apoptosis delay
in neutrophils
Upregulation of ERK1/2 was observedlinmajor infected neutrophils (Fig. 30B). ERK1/2

has been shown to regulate apoptosis by sevetavpgs (Gardai et al., 2004; Perianayagam
et al., 2004). Activation of ERK1/2 has also beeparted to delay neutrophil spontaneous
apoptosis which suggests the ERK1/2 plays cruck m regulating neutrophil apoptosis
(Derouet et al., 2004). In order to decipher whetwtivation of ERK1/2 observed Inmajor
infected neutrophils plays any role in apoptosigylean inhibitor approach was taken. Cells
were pre-incubated with the MEK1/2 (upstream kinaS&RK1/2) specific inhibitor U0126

for 30 minutes and subsequently incubated Wwitmajor for 18 hours. Rate of apoptosis was
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assessed by flow cytometry after staining with arm¥ and PI. Treatment with the MEK1/2

inhibitor reversed the. major-induced apoptosis delay meutrophils. (Fig. 31)
100

[o5]
o

(o2]
(@]

40

Neutrophil apoptosis (%)
o 8

(@]

uoize - -

,_
3
2
=
1
1
+ +
+ +

Fig. 31  Treatment with the MEK1/2 inhibitor U0126 prevents L. major-mediated apoptosis inhibition
in neutrophils. Neutrophils (5 x 10ml) were incubated with or witholit. major in the presence or
absence of the MEK 1/2 inhibitor U0126 (iM). Cells were harvested after 18 hours and the oht

apoptosis was assessed by annexin V and PI stdining3 independent experiments. Values given
here are meax SEM. *p <0.05

3.3.4 Inhibition of p38 MAPK does not reverse thelL. major induced
apoptosis delay in neutrophils

As described above (Fig.30A), infection with major leads to activation of p38 MAPK in

neutrophils. However, p38 MAPK activation does appear to play a role in the major

mediated apoptosis delay, since the infection-mediapoptosis delay was not reversed when
the cells were pretreated with the p38 MAPK inlab$B203580 (Fig. 32).
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Fig. 32 Treatment with the p38 MAPK inhibitor SB203%80 does notprevent the L. major-mediated
apoptosis inhibition in neutrophils. Neutrophils (5 x 1&/ml) were incubated with or withoult.
major in the presence or absence of the p38 MAPK inhib88203580 (10uM). Cells were
harvested after 18 hours and the rate of apopteassassessed by annexin V and PI staining from 3
independent experiments. Values given here are m&iiM.
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4 Discussion

Spontaneous apoptosis is the characteristic feafuneutrophil granulocytes. Infection with
Anaplasma phagocytophilum, Chlamydia pneumoniae and Leishmania major modulates this
spontaneous apoptosis and extends the life spaputfophils (Aga et al., 2002; Choi et al.,
2005; Ge and Rikihisa, 2006; van Zandbergen ek@04). Although it has been shown that
all these intracellular pathogens modulate the tsp@ous apoptosis of granulocytes the
molecular mechanism of this modulation is still leac.

Here in this study | addressed the question hovihalse pathogens modulate the apoptotic
process of granulocytes. From the result it is rckat bothA. phagocytophilum and C.
pneumoniae activate the PI3K/Akt and the ERK1/2 pathway inesrdo achieve apoptosis
inhibition. However, infection with.. major does not activate the PI3K/Akt pathway instead
activates ERK1/2 and p38 MAPK. Common feature btrese three pathogens is that they
modulate the death receptor mediated extrinsicwaathsince all of them decrease the FAS
expression as is revealed from my results and $omeer observations of our group.
Neutrophils are the most abundant cell type amamglating leukocytes in the body which
constitute the first line of defence against theading pathogens. They are recruited to the
infected tissue in high number where their functisrto engulf, kill and finally digest the
pathogens. The striking feature of this cell typéhiat they have a very short half life and die
within 10-24 hours after leaving the bone marrowisTieature of spontaneous apoptosis has
been selected in course of evolution which prevehés release of toxic materials from
neutrophis into the surrounding tissue thereby mmime the chance of unwanted
inflammation. However, a number of pathogens haxa@ved elegant strategies to survive
within the intracellular milieu of neutrophil graleaytes. Inhibition of apoptosis of infected
cells appears to be a common mechanism of inttdaelbathogens to secure the longevity of
their host cell. Intracellular pathogens such Tagpanosoma cruzi, Toxoplasma gondii,
Coxiella burnetti inhibit their host cell apoptosis (Nakajima-Shiraagt al., 2000; Voth et al.,
2007; Vutova et al., 2007).

Two major pathways have been reported so far bghwhpoptosis could be initiated namely
intrinsic or mitochondrial apoptosis and extringic death receptor mediated apoptosis.
During intrinsic pathway of apoptosis integrity thie mitochondrial membrane is lost which
results into release of cytochrome C into the @jtotn subsequent steps the released
cytochrome C oligomerizes with Apaf-1 and forms thpoptosome complex. The
apoptosome complex recruits seven dimers of acigpase-9 which subsequently activates

caspase-3 and finally leads to apoptosis (Acehai.,e2002; Budihardjo et al., 1999; Yuan
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and Yankner, 2000). This intrinsic process of apsigtis tightly regulated by proteins of the
Bcl-2 protein family. This protein family consist both pro-apoptotic (BAX, BID, etc.) and
anti-apoptotic (Mcl-1, Al, etc.) members. On thkesthand extrinsic apoptosis is initiated at
the cell surface with the ligation of FAS—FAS lighar activation of death receptors which
leads to the processing of pro-caspase-8 which theectly activates the downstream
executioner caspase-3 and results into apoptosib. & the pathways converge at the point
of caspase-3. Several survival signals have beewrskto perturb the apoptotic pathways by
various mechanisms. Signalling via PI3K/Akt or ERKhas been shown to delay apoptosis
by stabilizing the anti-apoptotic factor like Mclakhich in turn inhibits the release of
cytochrome C (Derouet et al., 2004; Rajalingam.e2808).

Infection with A. phagocytophilum andC. pneumoniae was reported to activate the PI3K/Akt
and ERK1/2 in neutrophils and inhibition of the RIBkt and the ERK1/2 pathways
attenuated the anti-apoptotic effect exerted bydhevo pathogens. Moreover it was also
found that both of the pathogens stabilized the-Mdevel via the PI3K/Akt pathway.
Therefore it seems that both PI3K/Akt and ERK1/thpays are responsible for modulation
of intrinsic pathway of apoptosis iA. phagocytophilum and C. pneumoniae infected
neutrophils. Results revealed the activation of p88PK in C. pneumoniae infected
neutrophils. However, using the p38 MAPK inhibi&B203580 no increase in apoptosis rate
was observed i€. pneumonaie infected neutrophil.

Neutrophil granulocytes are the first line of deferagainst invading pathogens. Constitutive
apoptosis is an inherent character of this celetwhich is an important cellular event for
maintaining the neutrophil number in infection anflammation. Modulation of this process
by intracellular pathogens could lead to the inflaation and tissue damage. Therefore it is
important to know in details about the molecularch@isms how these pathogens modulate
this process. Here | tried to address the probabézhanisms by which intracellular
pathogendA. phagocytophilum, C. pneumoniae andL. major delay their host cell neutrophil

apoptosis.

4.1 Modulation of neutrophils apoptosis by the intacellular
pathogenA. phagocytophilum

Apoptosis is the final outcome of cell death prognae which is an essential strategy for the

control of dynamic balance in living systems. Itkisown till date that there are two major

pathways by which apoptosis could be initiated Hgrg intrinsic or mitochondrial and 2)

extrinsic or death receptor mediated. Both pathwiayslve sequential activation of Caspases

in two distinct but converging pathways. Howevesthbpathways are tightly regulated by a
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variety of survival signals. PI3K/Akt and MAPK aiwo survival signalling pathways known
so far which interact with the apoptotic cascadg.(B). Spontaneous apoptosis is typical
feature of neutrophil granulocytes. However, a nemdf intracellular pathogens have been
found to infect and survive within neutrophils adelay their apoptosis (Aga et al., 2002;
Choi et al., 2005; van Zandbergen et al., 2004}his study | have observed that infection
with A. phagocytophilum delays the spontaneous apoptosis of neutrophilctwhs in
concordance with earlier observations (Choi et 2005; Ge and Rikihisa, 2006). Earlier
studies concerning th&naplasma infection and neutrophil apoptosis were focusednigai
towards unravelling the apoptotic cascade (Ge aikthiRa, 2006; Ge et al., 2005). It has
been shown that infection with. phagocytophilum stabilizes the Mcl-1 in neutrophils (Choi
et al., 2005). Only few studies addressed the galngignals involved in the apoptotic
inhibition. However, a previous gene expressiomgtshows enhanced expression of PI3K,
Akt, PKC5 and NFkB in A. phagocytophilum infected neutrophils (Lee and Goodman, 2006).
Nothing has been studied so far whether infectiaith A. phagocytophilum engage the
PI3K/Akt and MAPK signalling pathway in neutrophils this study | showed that infection
with A. phagocytophilum activates the expression of PI3K in neutrophils.hd&rced
phosphorylation of PI3K was observed early hoursirdéction with Anaplasma and
maintained till 18 hours. This suggests that tH&KPAkt pathway is involved in delaying of
apoptosis inA. phagocytophilum infectedneutrophils. Upon activation, PI3K phosphorylates
phosphatidyl inositol (Ptdins) substrates which doice the second messengers
PtdIns(3,4,5)Pfrom PtdIns(3,4)P These messengers recruit and activate downstressds
such as Akt and PDK1.

PDK1 is present downstream of PI3K which is crucralPI3K/Akt mediated signalling
pathway. Phosphorylation of PDK1 was observed edtbr infection and was maintained for
22 hours. Akt is present downstream of PI3K and BDdctivated upon phosphorylation by
PDK1. Transient phosphorylation of Akt was noticed A. phagocytophilum infected
neutrophil as early as 30 minutes after infectinhanced phosphorylation of both PI3K and
Akt was observed which suggest that PI3K/Akt pathvuginvolved in exerting apoptosis
delay inA. phagocytophilum infected neutrophils. Blocking with the PI3K spéziinhibitor
LY294002 reversed thA. phagocytophilum induced apoptosis delay which further indicates
that PI3K/Akt plays a crucial role in apoptosis alelin Anaplasma infected neutrophils.
Activation of Akt has been observed in other ingthdar infection such asalmonella
infected epithelial cells prevents apoptosis atitniggAkt (Knodler et al., 2005).
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Akt is considered to be the central regulator whigfrctions in cell proliferation, growth, and
survival as well. Akt prevents apoptosis by intérax with various molecules of the
apoptosis cascade such as Mcl-1. Mcl-1 is oneefrttportant anti-apoptotic members of the
Bcl-2 protein family which prevents the releasecgfochrome C. Stabilization of Mcl-1 is
essential to prevent cytochrome C release. It hesn bshown that infection with\.
phagocytophilum stabilizes the Mcl-1 in neutrophils (Choi et @005). Here | showed for the
first time that stabilization of Mcl-1 iA. phagocytophilum infected neutrophils occurs via the
PI3K/Akt pathway. Activation of PI3K/Akt pathway ees to be essential for preventing the
apoptosis irA. phagocytophilum infected neutrophils.

Akt exerts its anti-apoptotic effect by targetingvariety of molecules in the apoptotic
cascade. In addition, Akt has been shown to regualetivation of NF<B by upregulating the
phosphorylation of B complex (Mansell et al., 2001; Ozes et al., 19R8mashkova and
Makarov, 1999). | have shown that infection wi#h phagocytophilum activates NF«B in
neutrophils and inhibition of PI3K with LY294002 npially prevented this activation. These
results indicate that activation of NB in A. phagocytophilum infected neutrophils is
PI3K/Akt dependent. Activation of NkB has been shown to induce expression of various
pro-survival genes in other infection models (Bakar et al., 2004; Yanai et al., 2003; Zhang
et al., 2004).

Apart from stabilizing Mcl-1, Akt regulates the gmpiorylation of BAD at the serine 136
residue by disrupting the heterodimeric associatbiBAD with Mcl-1 and thus prevents
cytochrome C release (Rane and Klein, 2009). Sirfees been found that both PI3K and Akt
are activated irA. phagocytophilum infected neutrophils, it is plausible to hypothesthat
activated Akt phosphorylates BAD and prevents f@péosis inA. phagocytophilum infected
neutrophils. Although the experiments to invesggathether activation of Akt indeed
phosphorylates BAD were not carried out, furthgreskments could provide the answer. This
is the first report where | show that infection w#. phagocytophilum activates the PI3K/Akt
pathway in neutrophils which is beneficial for {methogen for their own survival.

Apart from Akt, other substrate of PDK1 is PKCPKG also plays a crucial role in
neutrophil apoptosis. Activation of PKQs characterised by the translocation of BK®
this study | have observed significant translocatd PKG from the cytosol to the plasma
membrane inA. phagocytophilum infected neutrophils. Moreover blocking with th&&b
specific inhibitor rottlerin infection induced apopis delay inA. phagocytophilum infected
neutrophil was reversed. This strongly suggests$ ihi@ction with A. phagocytophilum
inhibits the apoptosis activating PBR@ia the PI3SK-PDK1 pathway. Previous studies show
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that treatement with type | IFN or TNFdelays the spontaneous apoptosis of neutrophils by
activating PKG (Kilpatrick et al., 2006; Wang et al., 2003) whiélwrther supports my
findings that PK@ could play a major role in the apoptosis delayAinphagocytophilum
infected neutrophils.

It might create confusion to the readers that Bdkhand PKG are substrates of PDK1 and
both get activated ir\. phagocytophilum infected neutrophils. However, it has to be noted
that only a transient activation of Akt was obseétvéhe phosphorylation of Akt observed
after 30 minutes was completely diminished aftdr8rs. In contrary, both of the upstream
molecules of Akt; PI3K and PDK1, were still actiedtafter 18 and 22 hours respectively.
Activation of PKG was also observed at 3 hours time point.

Therefore results clearly suggest that infectiothvA. phagocytophilum activates PI3K in
neutrophil which in turn activates the downstreawleoule PDK1. PDK1 initially activates
Akt which exert apoptosis inhibition @&. phagocytophilum infected neutrophils early after
infection but at later time points inhibition of @g@osis is mediated at least partially via
PKGC.

Transient activation of Akt was observed f phagocytophilum infected neutrophils.
However, since Akt is considered as a typical digiphub which regulates a number of
targets in the apoptotic cascade to achieve apspiaisibition therefore it is plausible to
believe that the transient phosphorylation of Astild be sufficient to exert its anti-apoptotic
effect.

As described previously, in addition to PI3K/Akt, ARK pathway is another survival
signalling pathway. ERK1/2 and p38 MAPK are two ortant members of MAPK family.
ERK1/2 prevents apoptosis by regulating Bcl-2 fgmiloteins. Enhanced phosphorylation of
ERK1/2 was observed early (30 min) after infectmath A. phagocytophilum in neutrophils.
However, using the MEK1/2 inhibitor, U0126, onlynzarginal increase of apoptosis was
observed (data not shown). Another member of théPKAamily, p38 MAPK, also inhibits
the apoptosis. Indeed p38 MAPK mediated apoptosisibition was shown inA.
phagocytophilum infected neutrophils (Choi et al., 2005). Howewsing p38 MAPK specific
inhibitor, SB203580; no increase in the apoptoate has been observed (data not shown).
Therefore, MAPK pathway apparently does not seenbdoresponsible for exerting the

apoptosis inhibition i\. phagocytophilum infected neutrophils.

Upon stimulation, neutrophil produce wide variefycgtokines including copious amount of
IL-8 (Scapini et al., 2000). This chemokine attsaceutrophils to the site of infection. In the
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present study significant amount of IL-8 (~80 ng/mlas measured in supernants Af
phagocytophilum infected neutrophils after 18 hours. Co-incubatodmeutrophils with 80
ng/ml of IL-8 inhibited the constitutive apoptogiBig. 15B). Moreover incubation with
supernatants oA. phagocytophilum infected neutrophils markedly inhibited the spoetaus
apoptosis of neutrophil granulocytes. Thereforegi#ms that the delaying effect of apoptosis
could be mediated at least partially via IL-8 proed by A. phagocytophilum infected
neutrophils. Several reports also show that IL-Byke spontaneous apoptosis of neutrophil
granulocytes (Kettritz et al., 1998; van Zandbergel., 2004). Results are consistent with
other finding where it has also been shown tha8 lis- released during infection with.
phagocytophilum infected neutrophils (Choi et al., 2005).

However, IL-8 depletion experiments will be necegsep prove the role of IL-8 irA.
phagocytophilum infected neutrophils. In several infection modetsivation of NFkKB has
been observed (Binnicker et al., 2004; Yanai et2003; Zhang et al., 2004). It has been
shown that generation of inflammatory cytokinesnieytrophils such as IL-8 is regulated by
NF-kB (Cloutier et al., 2007). A significant amount f-8 release was observed h
phagocytophilum infected neutrophils. Moreover, infection resultetb activation of NF«B

in neutrophils (Fig. 10). In the present study stigation was carried out to determine
whether infection induced IL-8 generation is meeliaby NFkB. By using inhibitor of NF-
KB pathway a significant inhibition of IL-8 produeti in A. phagocytophilum infected
neutrophils was observed. This finding suggestsittiection induced IL-8 production indeed
mediated via NFB.

Additionally, inhibitor of PI3K, PK@ and inhibitor of ERK pathway also showed marked
inhibition of IL-8 production from infected neutrbits. This suggests that all these kinases
regulate the IL-8 release probably by regulatinivaton of NFKB. This is the first report
showing clearly that activation of NKB in A. phagocytophilum infected neutrophils is
mediated via the activation of PI3K, PR@nd ERK1/2.

The Gram negative bacteriurA. phagocytophilum established exclusive tropism for
neutrophil granulocytes. Neutrophils are shortgvcells and undergo constitutive apoptosis.
However, this obligate pathogen modulates apopsigjealling of the cell targeting both the
intrinsic and the extrinsic pathways and also augméhe release of the pro-inflammatory
cytokine IL-8. Previously demonstrated that thisthpgen prevents the apoptosis of
neutrophils activating p38 MAPK pathway (Choi et @005) but here in this study I clearly
show that pathogen activates PI3K/Akt, and BK@athways which stabilize Mcl-1, activate
NF-kB and thus regulate the release of IL-8. Howevesingi p38 MAPK inhibitor,
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SB203580, no increase in apoptosis rate was oldénviafected neutrophils. The reason of
discrepancy with former observation (Choi et a800%) is unclear. However, the functionality
of the inhibitor for blocking p38 MAPK was tested Iperforming western blot in LPS
(positive inducer of p38 MAPK) stimulated neutrdgh(data not shown). Therefore from this
result it can be concluded that p38 MAPK is nopaessible for inhibition of apoptosis here in
A. phagocytophilum infected neutrophils.

It is not yet clarified which molecules of the bax@im are responsible for recognition and
binding to granulocytes. However, it has been nggbrthat Msp2 or p44 protein is
predominant on the bacterial surface which acta adhesion molecule for entering into the
host cell granulocytes upon interacting with fudatgdplatelet selectin glycoprotein ligand 1
(PSGL-1) present on the cell membrane (Park et28l03). PSGL-1 was shown to be
responsible for inducing high amount of IL-8 in H@fected neutrophils (Akkoyunlu et al.,
2001). It is possible that PSGL-1 plays a profouolé in activating downstream signalling
via the PI3K/Akt pathway. A report about interaagdbetween PSGL-1 and Akt activation in
neutrophils (Pluskota et al., 2008b) supports tbssibility that interactions of p44 protein
and PSGL-1 induce PI3K/Akt activation A phagocytophilum infected neutrophils. In the
present study it has been observed that infectirmtuded IL-8 release was suppressed
significantly when the pharmacological inhibitolsRI3K/Akt, PKC5, MEK1/2 and NFkB
were used. This suggests that IL-8 release is digmron the activation of these pathways. It
has also been postulated that enhanced producfidh-& might be another strategy of
efficient dissemination of bacterium into the newdyrived neutrophils since IL-8 also
increases the phagocytic potential of neutropl@isrfyon and Fikrig, 2003)

Taken together it can be concluded that infectiath vA. phagocytophilum activates the
PI3K/Akt pathway possibly by interacting of p44 fawe protein with PSGL-1 which
stabilizes Mcl-1. Furthermore, the infection actesaNF«kB via PI3K/Akt which results in
the release of IL-8. IL-8 has autocrine and / aiapane effects in prolonging the lifespan of
neutrophil granulocytes. In addition the infectialso induces PK& and ERK1/2 which
possibly delays the spontaneous apoptosisA.oiphagocytophilum infected neutrophils.
Recently ERK1/2 phosphorylation has been repodadftibit the activation of caspase-8 and
caspase-10 in neutrophils (Zhang et al.,, 2003agvidusly it was shown thatA.
phagocytophilum inhibits the caspase-8 activation in neutrophile (@d Rikihisa, 2006).
Therefore indirectly it can be concluded that ERKéggulates the caspase-8 activatio.in

phagocytophilum infected neutrophils and thus delays the apoptosis.
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4.2 Modulation of neutrophils apoptosis by the intacellular
pathogenC. pneumoniae
Neutrophil granulocytes play a critical role by @sging and killing invading pathogens.

Neutrophils are short living cells with charactBdadeatures of constitutive apoptosis. This
feature of constitutive apoptosis is beneficial fioniting the propagation of intracellular
pathogens. However, a number of intracellular pgehs prolong the lifespan of neutrophil
by modulating the molecular mechanisms of deatlggamme (Aga et al., 2002; Ge and
Rikihisa, 2006). Intrinsic or extrinsic are the twwajor pathways known so far by which
apoptosis could be initiated but both of the patysvaonverge at the point of caspase-3.
However, the onset of initiation of either of themgoptotic pathways is regulated by two
major survival signalling pathways namely PI3K/Aktid MAPK.

Co-incubation withC. pneumoniae delayed the spontaneous of apoptosis of granuwecyt
which supported the former report from our grouat t&. pneumoniae infects and delays the
spontaneous apoptosis of granulocytes (van Zandbeeg al., 2004). However, it has not
been investigated so far whether infection withpneumoniae engages the PI3K/Akt and
MAPK signalling pathways in neutrophils in orderachieve the apoptosis delay.

Infection with C. pneumoniae enhanced the phosphorylation of Akt in neutropisreover,
the use of the PI3K inhibitor LY294002 reversed th@neumoniae induced apoptosis delay.
Since Akt is present downstream of PI3K, the abmsallts clearly indicate that PI3K/Akt
pathway is activated €. pneumoniae infected neutrophils. Deactivation of Akt has been
reported as an important factor in neutrophils s@oeous apoptosis (Zhu et al., 2006).
Several intracellular pathogens have been showactwate PI3K/Akt pathway and thus
prevent the apoptosis in epithelial cells and J7itdine macrophages (Knodler et al., 2005;
Mansell et al., 2001; Yilmaz et al., 2004).

It has been delineated that activation of Akt prtasaell survival by blocking the function of
pro-apoptotic proteins and augmenting the pro-sahproteins of the Bcl-2 family. Mcl-1 is
the member of Bcl-2 family which play an importaiale in regulation of apoptosis by
preventing the release of cytochrome C. Due tadrppbteasomal degradation the half life of
Mcl-1 is very short. In the present work it hasméeund that infection witlC. pneumoniae
stabilized the Mcl-1 expression in neutrophils.tRarmore, inhibition with the PI3K specific
inhibitor LY294002 attenuated the Mcl-1 expressmmserved inC. pneumoniae infected
neutrophils. These results suggest that activatbrPI3K/Akt is required to delay the
apoptosis inC. pneumoniae infected neutrophils. It has been evident from aasi previous
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reports that activation of PI3K/Akt rescues andoiitzes the Mcl-1 (Derouet et al., 2004;
Lindemans et al., 2006).

Apart from Mcl-1, Akt regulates a number of molezsilsuch as the pro-apoptotic BAD.
BAD, the BH3 only protein of Bcl-2 family, are dot#y phosphorylated by Akt at serine 136
residue which allows the BAD protein to be rematuid with other adaptor protein 14-3-3
in the cytosol thereby enhances the lifespan ateavin BALB/c 3T3 and 293 cells (Datta et
al., 1997). Activation of Akt was observed@@pneumoniae infected neutrophils; therefore, it
is possible that Akt phosphorylates BADGnpneumoniae infected neutrophils to achieve the
apoptosis inhibition. However, further experimersisould be carried out in order to
investigate whether activation of Akt phosphorysatee BAD inC. pneumoniae infected
neutrophils.

Here | show clearly that infection witB. pneumoniae activates the PI3K/Akt pathway which
stabilizes the anti-apoptotic protein Mcl-1 in mmephils which in turn prevents apoptosis.

Akt also regulates the activation of MB- by regulating the phosphorylation @B (Mansell

et al.,, 2001; Ozes et al., 1999). Activation of KE-results in the inhibition of the
constitutive apoptosis of neutrophil granulocytegulating the expression of various survival
genes and release of pro-inflammatory cytokineghénpresent study, activation of MB-
was observed il€. pneumoniae infected neutrophils. The activation was abrogatéd the
treatment of the PI3K inhibitor LY294002 suggestihgt activation of NB is mediated
via the PI3K/Akt pathway. Furthermore, inhibitiotugdies with kB specific inhibitor BAY
11-7082 patrtially reversed the infection induced@psis delay in neutrophils. This data also
supports the view that activation of MB- is responsible at least partially for the apojstos
inhibition in C. pneumoniae infected neutrophils.

NF-kB has been found to be activated via the PI3K/Akthpay (Lindemans et al., 2006)
which further supports my findings. Recently it heeen shown that persistent infection with
Chlamydia pneumoniae in epithelial cells require activation of NéB (Paland et al., 2006).
PKGs is downstream of PI3K and activated by PDK1, thermediate kinase in the PI3K-
PKGCs pathway. PK@ plays an important role in the regulation of ajps as revealed from
previous reports (Pongracz et al.,, 1999; Wang gt28103). Since in the present study
transient activation of Akt was observed, | expédtet activation of PKEmight take place.
An inhibitor approach was used to study the involeat of PKG in regulation of apoptosis
in C. pneumoniae infected neutrophils. However, Since the RKiGhibitor rottlerin did not
prevent apoptosis i€. pneumoniae infected cells the delaying of apoptosisGhlamydia

infected neutrophils is apparently independent KC® activation. However, in order to
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confirm the role of PK@ further translocation experiments should be cdroat. All my
findings indicate that infection witle. pneumoniae activate PI3K/Akt survival pathway. It
leads to the stabilization of Mcl-1 and to actieatof NFkB in neutrophils.

Besides the PI3K/Akt pathway, MAPK pathway is amotimajor survival signalling pathway.
Results from this study revealed the activationE®¥K1/2 as well as p38 MAPK iIC.
pneumoniae infected neutrophils indicating the involvement RIK in infection induced
apoptosis delay. However, using a p38 MAPK spedifitbitor | could not observe any
prevention of apoptosis delay i@hlamydia infected cells. However, pre-treatment of
neutrophils with the inhibitor of MEK1/2 reverselet pathogen induced apoptosis delay
suggesting the role of ERK1/2 @ pneumoniae induced apoptosis delay. ERK1/2 has been
shown to prevent apoptosis by phosphorylating BABexine 136 position. Phosphorylated
BAD prevents the mitochondrial leakage of cytocheothand subsequently the activation of
caspase cascade (Perianayagam et al., 2004). #ativaf ERK1/2 also modulates the
apoptosis by preventing the activation of caspagt8skota et al., 2008a; Zhang et al.,
2003a). The phosphorylation of BAD as well as atton caspase-8 was not studied in the
present study. However, pronounced activation oKER has been observed which suggests
that ERK1/2 could probably phosphorylate BAD andvents the activation of caspase-8.
Further experiments could clarify whether activaiegK1/2 phosphorylates the BAD and
prevents the activation of caspase-&impneumonaie infected neutrophils.

Western blot analysis of p38 MAPK revealed an iasesl phosphorylation of the kinasedn
pneumoniae infected neutrophils. However, p38 MAPK activatigpossibly does not
contribute to survival effect on infected neutrdplsince treatment a p38 MAPK inhibitor did
not reverse apoptosis delay in infected neutrophAldhough activation of p38 MAPK was
also observed in IL-18 treated neutrophils howetregtment with SB203580 did not reverse
the apoptosis delay (Hirata et al., 2008). Theeefiorseems tha€C. pneumoniae induced
apoptosis delay in neutrophils does not depend38MAPK activation. It is known that p38
MAPK has multiple targets such as MSK1 and MSK2cklegulates the phosphorylation of
several factors such as CREB, ATF1 including thesphorylation of NF«B isoform p65
(Roux and Blenis, 2004). Although both MSK1 and MS#&re downstream targets of p38
MAPK however, these target molecules are also etgdl by ERK1/2. Therfore, further
experments are necessary to delineate the antiatpomle of p38 MAPK orC. pneumoniae

infected neutrophils.
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LPS has been shown to activate p38 MAPK in neuits{@hoi et al., 2005). Sinc€.
pneumoniae contains LPS therfore the initial actiavtion of pBBAPK in C. pneumoniae
infected neutrophils might be the result of intéiatwith chlamydial LPS.

A previous report showed that p38 MAPK can inhthi¢ activation caspase-8 and therefore
prevent apoptosis of the neutrophils (Alvarado-ténsson et al., 2004). As | have not studied
caspase-8 activation in the present study therdfbeve no proof that activated p38 MAPK
plays any role in regulation of caspase-&impneumoniae infected neutrophils.

Activation of NFkKB has been observed i@. pneumoniae infected neutrophils. Since
activation of NFkB is considered as the hall mark of TLR signallititggrefore | expected
that TLR would be involved in exerting apoptosislagein C. pneumoniae infected
neutrophils. Moreover it was also shown that neaftiloapoptosis can be delayed by TLR
agonists stabilizing Mcl-1 via the PI3K/Akt signaly pathway (Francois et al., 2005).
However, using blocking anti TLR 4 and anti TLRriibodies or by using TLR 4 antagonist,

| did not observe any effect on tRe pneumoniae induced apoptosis delay (data not shown).
This suggests th&t. pneumoniae mediated activation of NKB is independent of TLR 2 and
TLR 4.

Activated neutrophils released variety of pro-inflaatory cytokines and the life span of
neutrophils were extended vitro in presence of cytokines such as GM-CSF, G-CSH, IL
and IL-18. In the present study, upon infection wiEh pneumoniae neutrophilsrelease high
amount of IL-6. In a previous study it has beervaithat infection withChlamydia induces
the IL-6 release (Rizzo et al., 2008). Infectiorthmiespiratory syncytial virus also induced
high amounts of IL-6 release from neutrophils (lenthns et al., 2006). IL-6 has been shown
to delay neutrophils in several instances sugggshia autocrine or / paracrine effect of IL-6
on neutrphils (Asensi et al., 2004; Fanning et #99; Lindemans et al., 2006; Matsuda et
al., 2001; Raffaghello et al., 2008). However, histpresent study using recombinant IL-6, |
did not observe any inhibition of neutrophil apag$o(data not shown). In a previous report is
has also been shown that recombinant IL-6 alones du# delay neutrophil apoptosis
(Parsonage et al., 2008). Although the reason sérepancy is unknown, | think that a
contaminating population of PBMC could play soméerm extending the life span of
neutrophils. This is assumed because purity ofrophils was reported ~97% in reports
showing that IL-6 prevents neutrophils apoptosit, fiurity of neutrophils in my study was
over 99.9%. From my results it can be suggestedlithd may not delay the apoptosis@
pneumoniae infected neutrophils. However, further experimestteuld be carried out in order

to clarify whether IL-6 can delay neutrophils apmgis. One thing | want to mention that |
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should be careful while discussing the IL-6 datac&@iseChlamydia pneumoniae infected
HEp2 cells also release high amount of IL-6 (Bakthal., 2003) and in my experiments |
have usedC. pneumoniae infected HEp2 cells lysate. As | have not measuted IL-6
concentration in infected HEp2 cell lysates themfbcan not rule out the possibility that
measured IL-6 was from infected HEp2 culture. Itikely to expect release of IL-6 from
Chlamydia pneumoniae infected neutrophils since infection witlChlamydia induces
significantly high amount of IL-6 release in othesll types such as HEp2 cells, fibroblasts
(Baltch et al., 2003; Rizzo et al., 2008) and nmphils have been shown to release IL-6 in
other infection (Lindemans et al., 2006). Furthepeziments would be carried out to reveal
the fact whether measured IL-6 were released infteeu neutrophils.

In addition to IL-6, infection witlC. pneumoniae released significantly high amount of IL-8.
This is in line with the former report from our g that infection withC. pneumoniae
release high amount of IL-8 (van Zandbergen et28l04). Further experiments with NdB
inhibitor, BAY 11-7082 and MG-132 revealed signdgfit inhibition of IL-8 production from
C. pneumoniae infected neutrophils which clearly suggests tGapneumoniae induced IL-8
release from neutrophils is mediated via kB-activation. Experiments with the inhibitors of
PI3K and MEK1/2 also showed marked inhibition of-8Lproduction from infected
neutrophils. This suggests th&t pneumoniae induced IL-8 production is dependent on
activation of NFkB which is regulted by PI3K/Akt and ERK1/2 pathway.

The extrinsic pathway of apoptosis initiates atagk surface after interaction of ligands with
its appropriate receptors. Neutrophils are founéxpress constitutively high levels of FAS
which upon ligation with FAS ligand activates casp8 subsequently caspase-3 and finally
leads to apoptosis. Reports show during neutroptstaneous apoptosis FAS mediated
activation of extrinsic pathway could take placégpendent of FAS ligation (Scheel-Toellner
et al.,, 2004). My results revealed reduced expoassi FAS onC. pneumoniae infected
neutrophils indicate that infection affects alse éxtrinsic pathway of apoptosis.

The results suggest that infection of neutrophith . pneumoniae activates the PI3K/Akt
pathway which in turn stabilizes the anti-apoptgtiotein Mcl-1 and lead to the activation of
NF-kB. Additionally, infection induces also the ERKZ1f2athway which is partially
responsible for delaying of apoptosis. Infectiotivates NFkB via PI3K/Akt and probably
via ERK1/2 pathway results in the release of IL{dck functions possibly in autocrine and /
or paracrine manner and extends the life span airoghils. High amounts of IL-6 were also
observed in culture supernatantsofoneumoniae however, IL-6 does not seem to contribute

any role in delaying of apoptosis in infected neplhils.
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4.3 Modulation of neutrophil apoptosis by the intracellular
pathogenL. major
Apoptosis is a result of a complex death programmieh could be initiated by two different

executioner pathways such as the intrinsic or rhtadrial and the extrinsic or death receptor
mediated pathways. These executioner pathwaysegndated by various survival signals.
Activation of these signals decides cell fate. €hare two major survival signalling
pathways: PI3K/Akt and MAPK.

Neutrophils are the short lived cells die within29 hours after leaving the bone marrow. It
was reported for the first time from our group thatshmania major, causative agent for
cutaneous leishmaniasis, infects neutrophils ahtits their spontaneous apoptosis (Aga et
al., 2002). It has been suggested that the parasée neutrophil granulocytes agdjan
horses for silent entry into their final host macrophagé.askay et al., 2003). Although it has
been observed that infection withmajor modulates both the extrinsic as well as the inicins
pathways of neutrophils apoptosis (unpublished fat@ our laboratory), it is still unclear
which survival signals are involved in the major mediated apoptosis delay. Activation of
PI3K/Akt has been observed in connection with apsigt inhibition by number of
intracellular pathogens such &aSalmonella. Infection with Salmonella inhibits the
camptothecin induced apoptosis induction in epidheklls activating the PI3K/Akt pathway
(Faherty and Maurelli, 2008). It has been obsertieat infection with the obligate
intracellular Gram negative bacteAaphagocytophilum andC. pneumoniae also activate the
PI3K/Akt pathway by which the pathogens achieveapeptosis inhibition (Fig. 5, 6 and 17).
Treatment with various modulators like type | IFGM-CSF, TNF inhibits apoptosis by
activating the PI3K/Akt pathway in neutrophils (Camuvn et al., 2002; Cowburn et al., 2004;
Wang et al., 2003). Although PI3K/Akt pathway is amportant survival signal which
regulates apoptosis, however, infection withmajor doesnot activate either PI3K or Akt in
neutrophils (Fig. 29). Results hint tHatdonovani induced apoptosis inhibition in neutrophils

does not dependent on PI3K/Akt activation. Howetlese data need to be confirmed.

MAPK activation is another important survival sigmanich regulates initiation of apoptosis
targeting various proteins of apoptotic cascadehénpresent study activation of ERK1/2 has
been observed ih. major infected neutrophils (Fig. 30B). Moreover, using tMEK1/2
inhibitor, U0126,L. major induced apoptosis inhibition was partially revergeid. 31) which
implies that activation of ERK1/2 is a crucial ep apoptosis inhibition ib. major infected
neutrophils.
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ERK1/2 enhances the phosphorylation and subseqiemtadation of the anti-apoptotic
molecule, Mcl-1, thereby prevents the release adbadyome C. In addition, ERK1/2 also
regulates initiation of mitochondrial cascade plmsplating and inactivating BAD.

Apart from regulating the intrinsic pathway of apmgis ERK1/2 interferes with TNFand
FAS mediated apoptosis induction inhibiting caspgases well as caspase-10 activation (Tran
et al., 2001; Zhang et al., 2003b).

p38 MAPK plays an important role in several celtuianctions including apoptosis. In my
study, significant upregulation of p38 MAPK was eh&d inL. major infected neutrophils
which indicate that p38 MAPK is involved ih. major induced apoptosis inhibition.
However, using a p38 MAPK specific inhibitor themajor induced apoptosis delay could
not be reversed in infected neutrophils. It is knothat p38 MAPK activity is critical in
variety of cellular responses such inflammatorypoeses. p38 MAPK has been shown to
phosphorylate number of cellular targets includin§K1 and MSK2 which in turn regulates
the transcriptional activities. Both MSK1 and MSKave been reported to mediate KiB-
dependent transcription through the phosphorylatfodF«B isoform p65 (Vermeulen et al.,
2003). Although MSK1/2 is the down stream molecole p38 MAPK, however, the
activation of MSK1/2 depends on both ERK1/2 and pB8PK. Therefore it could be
assumed that blocking of p38 MAPK was not suffitienough to block MSK1/2 mediated
NF-kB activation. Simulteneous blocking with U0126 aB203580, selective blocker for
ERK1/2 and p38 MAPK could give the answer whet28 MAPK is responsible in exerting
apoptosis delay inL. major infected neutrophils. Activation of p38 MAPK diréct
phosphorylates and inactivates the function of assf8 and caspase-3, thereby prevents the
apoptosis of neutrophil granulocytes (Alvarado-kamsson et al., 2004). Previously it was
shown that infection withL. major prevents the FAS induced apoptosis in neutrophils
(unpublished data of our group) which means that itifection also interferes with the
extrinsic pathway of apoptosis in neutrophils (usimined data of our group). Since
activation of p38 MAPK was observedlinmajor infected neutrophils and knowing that p38
MAPK can interfere with the FAS mediated apoptdbisrefore it could be assumed that
activatation of p38 MAPK inactivate caspase-8 ab agcaspase-3 thereby prevents the FAS

induced apoptosis. However, this subject has net aeldressed experimentally so far.
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From this study it became evident that although tafee pathogens delay neutrophil
apoptosis, there are striking differences regardimgch survival signalling pathways are
targeted by the pathogens. Infection withphagocytophilum and C. pneumoniae activates
the PI3K/Akt pathway whereas infection with the gme L. major does not activate the
PI3K/Akt pathway. Moreover, it has also been obedrthat infection with the two Gram
negative bacteria exert the anti-apoptotic effectmibdulating similar signalling cascades.
Therefore, it is quite plausible that there are s@ammon mechanisms how Gram negative
bacteria interact with their host cells leadingthe activation of the PI3K/Akt pathway.
Activation of the PI3K/Akt pathway indicates thevatvement of G-protein coupled receptor
(GPCR) signalling. Therfore it is possible thattbatf the Gram negative bacteria interact
with GPCR on the cell surface. Moreover, infectiwith both A. phagocytophilum and C.
pneumoniae induced the release of high amounts of IL-8 by rogltils. There are number of
receptors on the surface of the cell which are lol@paf binding IL-8. However, the most
extensively studied receptors are CXCR1 and CXCRilware indeed G protein coupled
serpentine recptors. IL-8 works in an autocrinaraprine manner and extends the life span of
neutrophil. In a previous report it has also beestylated that high amounts IL-8 responsible
for recruiting more neutrophils and rapid dissertiora of pathogens in fresh neutrophils
during A. phagocytophilum infection (Akkoyunlu et al., 2001). Previously, higmounts of
IL-8 production has been observeddnpneumoniae infection (van Zandbergen et al., 2004).
In this study | have clearly showed how these ides regulate the IL-8 production.
Therefore, in my view, infection withA. phagocytophilum and C. pneumoniae initially
interacts with GPCR on the cell surface leads tovation of the PI3K/Akt pathway which
induce IL-8 release by activating NdB. Interestingly, despite the similarities in irdedlular
signalling betweerA. phagocytophilum and C. pneumoniae infected neutrophils some clear
differences have been observed particularly in ghthogens induced cytokine release by
PMN. Infection withC. pneumoniae induces relatively low concentration of IL-8 reledsy
neutrophils as compared t&. phagocytophilum infected neutrophils at early hours of
infection. However, previously it has been showat @ pneumoniae induced IL-8 release by
neutrophils increases at late hours of infectio2-98 hours). Therefore, the possible
explanation for high amounts of IL-8 release Ayphagocytophilum infected neutrophils is
unique tropism of the pathogens for neutrophil glacytes where high concentrations of IL-
8 provides proinflammatory environment which notyoextends the life span of neutrophils
but also recruits large number of neutrophils amdps in rapid dissemination of the

pathogens. In addition to IL-8 it has been obsethetl infection withC. pneumoniae induces
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the release of significantly high amounts of IL-% fieeutrophils at early hours of infection.
Induction of IL-6 appears to be a characteristatdee in chlamydial infection as it has been
observed during chlamydial infections in severdieotcell types such as human gingival
fibroblasts (Rizzo et al., 2008). Howev&, pneumoniae infection induced IL-8 release by
neutrophil is also regulated via the PI3K/Akt—MB- pathway. Therefore, basic signalling
patterns are quite similar for both of these Graagative pathogens. The initial difference in
cytokine production is probably related with adéiptaof these pathogens to their respective
niches. The final host df. pnumoniae is not neutrophil but rather lung epithelial cedisd
alveolar macrophages. Therefore, apart from thd-amafptotic function of IL-6 on
neutrophils, the high amounts of IL-6 release olesgduringC. pneumoniae infection might
play role in the shift from acute to chronic anagm&ent infection recruiting the monocytes
which could replace the resident alveolar macrophtagmonocyte derived macrophage pool
in accute respiratory infections. This supports o@eent finding that recruited monocytes
could replace the resident alveolar macrophagesresponse to LPS induced lung
inflammation (Maus et al., 2006). On the other hirr@ has been reported to function in the
shift from acute to chronic inflammation changimgnh neutrophilic infiltrate to monocytic
infiltrate (Gabay, 2006). In a recent report it Hasen clearly depicted tha&hlamydia
pneumoniae uses neutrophils as a hiding place and then Bilenters into the macrophages
(Rupp et al., 2009).

L. major differs from A. phagocytophilum and C. pneumoniae regarding the modulation of
survival signalling cascades. This intracellulargsée does not activate the PI3K/Akt
pathway. Moreover, it has also been observed irvigue studies of our group that
supernatants df. major infected neutrophil does not prevent neutrophilppsis. Although
infection with L. major leads to IL-8 release by neutrophils, however, lagbarently does
not function here at an autocrine / paracrine manhetivation of the ERK1/2 pathway has
been observed which is also via activation of GPB8wever, further stimulation of GPCR

in autocrine manner by IL-8 is possibly absent.imajor infection.
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5 Summary

Neutrophil granulocytes are short living cells. Yhendergo apoptosis within 10-24 hours
after leaving the bone marrow. However, infectiothwntracellular pathogenénaplasma
phagocytophilum, Chlamydia pneumoniae and Leishmania major inhibits the spontaneous
apoptosis of neutrophils. This study addressesnib&cular mechanisms by which these
pathogens extend the life span of the host cetlscpéarly in the context of survival signals.

The results revealed that infection with Gram niegabacteriaAnaplasma phagocytophilum
and Chlamydia pneumoniae share some common mechanisms regarding the ataT
effect. This includes the activation of the PI3KtAgathway which stabilizes the anti-
apoptotic protein Mcl-1. Furthermore, PI3K/Akt matid activation of NikB was observed
which resulted in the release of high amounts e8 Hftom bothA. phagocytophilum and C.
pneumoniae infected neutrophils. IL-8 has been found to inhibeutrophil apoptosis
suggesting that probably there is an autocrinefpare role of IL-8 in delaying neutrophil
apoptosis in bothA. phagocytophilum and C. pneumoniae infected cells. Addtionally,
activation of ERK1/2 was observed which was fouaddgulate the activation of N&B
which in turn regulates the release of IL-8.

Apart from the above mentioned similarities infeo8 with these two pathogens differ in
modulation of some other signals. Activation of RKWas observed iA. phagocytophilum
infected neutrophils. Use of the pharmacologicaibitor of PKG abrogated the infection
induced anti-apoptotic effect iA. phagocytophilum infected but not inC. pneumoniae
infected neutrophils. This implies that the phagocytophilum induced apoptosis delay
depends on PK&activation while PK@ does not seem to be involved @ pneumoniae
induced delay of neutrophil apoptosis. InhibitiohRKCs with specific inhibitor revealed
marked reduction in IL-8 production A& phagocytophilum infected neutrophils. This finding
further supports the involvement of PE@ infection induced apoptosis deldy.addition to
IL-8, infection with C. pneumoniae leads to release significantly high amounts oBlixvhich
probably have some role in infection induced apsigtdelay. However, further experiments

are required to prove this hypothesis.

In contrast tAA. phagocytophilum andC. pneumoniae, infection withL. major did not activate
either PI3K or Akt which implies that the PI3K/Aklathway is not involved ih. major
induced apoptosis delay in neutrophils. Insteatlyaoon of both ERK1/2 and p38 MAPK
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were important. Using pharmacological inhibitotse L. major induced delay of neutrophil
apoptosis was found to be dependent on ERK1/2diyp38 MAPK activation.

This is a comparative study among three pathogdnshwdelineates how these pathogens
modulate the survival signals in neutrophil gracytes. Both of the bacterial pathogeAs,
phagocytophilum and C. pneumoniae, modulate common mechanisms to induce apoptosis
delay via the PI3K/Akt as well as the ERK1/2 patligvdnfection with the protozoan parasite
L. major, however, modulates only the ERK1/2 pathway. Highoamts of IL-8 in the
supernatants k. phagocytophilum andC. pneumoniae infected neutrophils were found to be
responsible for pathogens induced apoptosis inbibiHoweverL. major infection induced
apoptosis inhibition is independent of IL-8 relehgethe supernatant.

The survival signals are the key regulators of &mopcascade. Therefore this approach of
study is critical to better understand the molecutechanisms by which these pathogens

modulate the apoptosis.
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Apoptosis

Fig. 33 Summary of survival signalling events in PM modulated by the
infection with L. major
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