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ABSTRACT

In order to combat harmful pathogens the innate recognition part of the immune
system uses wariety of receptors including CD14, TLR4, TLR2 and SR (MARCO).

These receptors are expressed on most human monocytes and macrophages. CD14
recognizes and bind lipopolysaccharide (LPS), the main causative agents of sepsis and
endotoxic shock Signaling fom CD14LPS and TLR4/MDB2 complex activate the
nuclear factor kappB (NFa B) f ami |y of transcription f ac
MAP kinase (MAPK) family. Thissignaling results in the production of the
proinflammatorycytokinessuch asTNF-U antb |dadmong ot herSs. I n a
also activates the DN#Aepair and proein modifying enzyme poly (AD#bose)

polymerasel (PARR1). Consequently, the effect of-B4, a potent inhibitor of PARP

on PARR1 activation induced by LPS was studied on THEells. In respomsto

LPS, PJ34 reduced the PARrmation and down reguies the expression of CD14,

TLR2 and TLR4. However, MARCO expression was up regulated. It was also
observed that P34 reduced the production @NF-U, IL-1 band No in response to

LPS PJ34 was also involved in a reduction of the activationofdNB i n r esponse
LPS but, did not have an effect in JNK activation. The physical association of CD14

and MARCO receptors was examined in response to UP®as found that R34

reduced thecolocalisationof these pair of receptors and regulates their expression at

gene level. Furthermore, B33 regulates expression of a number of proteins on the

THP-1 cells in response to LPS.
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CHAPTER 1: Introduction



1.1lnnate immunity

The immune system plays an important role in tissue repair after amdrinflammation
mediated damage. It removes internal debris, dying and malignantacellprotects
against aggression from external sources.

The immune system in vertebrates consists of two subsystems, the innate and adaptive
immune systems, constitugriwo main immune strategies. Innate immune responses are
nonspecific to a particular pathogen, but can develop rapidly after antigen expbseire.
adaptive immune system, however, requires time to develop and is charactehbsatgby
highly specific. The adaptive immune responggenerates immunological meny,
distinguished by enhancemnmunity against a specific pathogen after subsequent

encounters with that pathogen

The innate immune system requires the coordinated action of several effector cells and
serum proteins. For example, bacterial infections are controlled by phagocytic
neutrophils, monocyte/macrophages (M/M) and dendritic cells (DCs), which patrol the
blood and immun@rgans toencounter and engulf thecteria.Monocytes release large
amouns of cytokines (e.g., TN&lpha, ILl-1beta, IL-6, IL-8), complement factors as well

as proteolytic enzymes which contribute the onset of early systemic inflammatory
response associated with acute and chronic diseases. Furthermore, moatstytes
facilitatethe tranendothelial migration of macrophages to the sitinjury(Antoniades et

al., 2008) During a bacterial infection macrophages play an important role in both innate
and adaptive immune responses in which blood circulating iplagges migrate from the
vasculature in to extracellular compartment under influences of differel@jenous and
exogenous factor@Martinez, 2008) Intracellular bacterial or viral infections generally

cannot be detected by phagocytes, aralcontrolledby natural killer (NK) cells, which



detect and desiy infected cells. Innate immune cells recognise and intenattt
microbes by responding erm lineencoded pattern recognition receptors (PRRs) such
as cluster of differentteon 14 (COL4), toll-like receptor2 (TLR2), toll-like receptor 4
(TLR4), the scavenger receptor macrophage receptor with collagenous structure
(MARCO) and MD2 (Doyle et al., 2004Arredouani et al., 2006Areschoug & Gordon,
2009) These receptors detect conserved microbial structures that are not found in the
host, designated pathogeassociated molecular patterns (PAMPS), which include
mannans and zymosan in the yeast cell wall, angariety of bacterial celihall
components,such as lipopolysaccharidéLPS), lipopeptides, lipoteichoic acid and
peptidoglycans(Aderem & Ulevitch, 2000; Uematsu & Akira, 2008; Xagorari &
Chlichlia, 200 8.Matydffhede comporents ad able to Qiiulate the
innate immune system. LPS is one of the most potent among these, inpiwzngtion

of cytokines such as interleukins (IL.$nd tumour necrosis factor (TNF) in mononuclear
phagocytes, and it represents a central component in the patkisgeh septic shock
syndromelnnate antimicrobial defence is significantly assisted g serum proteins
which detect and bind to microbes, thereby promoting the uptake and destruction of
microbes by immune cell§or example, bindingf LPS to CD14 is enhanced Bgrum
LPSbinding protein (LBP)(Schumann, 1992; Thompson et al., 2003; Hamann et al.,
2005; Schroder & &humann, 2005)r'he engagement of LPS by the host cell triggers the
production ofproinflammatorycytokines such as tumour necrosis factohalTNFU )

and interleukingCorreia et al., 2001Cohen, 2002; Kim & Krueger, 2015)NFU i s one
of the earliest majorproinflammatory mediators released by macrophages when
stimulated with LPS in vivo and in vitro. &fated sem levels of TNFU  associated

with the pathogenesis of several inflammatory conditions, including Séhsisur et al.,

2003; Esposito & Cuzzocrea, 2009; Kasimanickam et al., 2013; Koppolu et al., 2013)



rheumatoid arthritigEdrees et al., 2005and multiplesclerosis(Gregory et al., 2012)
Suppression of TNl producti on has possile therapyndhgses t e d
diseases. The intracellular events that mediate-ibBGced TNFU secreti on hav
the subject of intense research. Nuclieator kappa B (N B ) , a protein co
controls transcription of DNA has been found to have an important role in the
transcriptional regulation of margroinflammatorycytokines genes. Several stimulants,
including bacterial LPS, can activate 8B which, once activatedranslocatdrom the

cytoplasm tathe nucleugKim et al., 2010; Gupta et aRO11) NF-e B f ami | y me mb
are rapidly inducible, and play an important role in inma@and inflammatory responses.

NF-eB is criti cal prainfflammdioeycytpkinesdas aresponse to anjury

and inflammadry stimuli (Bonizzi & Karin, 2004 Qi et al., 2012; Kumar et al., 2014)

The poly (ADRribose) polynerase(PARP) protein family is a group @hzymes mainly

involved in DNA repair that are also nasary for mammalian apoptodiSoldani &

Scovassi, 2002Burkle, 2005). PARPL can interact with manyranscrigional factors

(Hassaet al., 2001) and has been postulated to play a role in the regulation & RF
transcriptional activitMeder et al., 2005; Pacher & Szabd, 2007; Cohausz & Althaus,

2009; Kraus & Hottiger, 2013)

1.2 Pathogenrassociated molecular patterns

Patterarecognition receptors (PRRs) are used by the innate immune system to
differentiate harmful pathogerfgons el f ) fr om fAsel f 0. PRRs det
on microbes that are absent from the h@stneway & Medzhitov, 20Q0Postel &
Kemmerling, 2009; Kumar edl., 2011)termed pathogeassociatd microbial patterns

(PAMPs).PAMPs include lipoteichoic acid (LTA) and LR&at are common components



of grampositive and gamnegative bacteria, respectively. In addition, dowgttanded

RNA is a structural signate of several groups of RNA viruses and mannans, which are
components of yeast t&balls (Akira et al., 2006Veckman, 2007)

PRRs can be classified into families based on the domains thdomscppssess. The
most common are lectin, cystetrieh and leucingich repeat domains (Medzhitov and
Janway 2000). PRRs can also recognize endogenous ligand in the host. These receptors,
therefore, play a vital role in tissue homeostasis anddeishce (Gordon, 2002; Kawai

& Akira, 2010; Di Gioia & Zanoni, 2015PRRs can bind a very wide range of molecular
ligands, intuding proteins, lipids, carbohydrates and nuchaizls fromendogenous and
exogenous sources. A single PRR is often able to recognize multiple ligands through
relatively weak interactions. Some ligands, such as LPS, can bind to several distinct
PRRs. Fuhermore, different PRRs can cooperate as a receptor complex for a particular

ligand. For exampl€D14, TLR4 and MD2 fom a receptor complex for LPS.

1.2.1 Properties of lipopolysaccharide

LPSis also termed endotoxin, an important structural comporfetiitecouter memitane

of Gramnegative bacterigHaziot et al., 1996; Gronow & Brade, 2001; Trent et al.,
2006) LPS is vital toprotect bacterifrom hydrolytic degadation by other organism, and
plays a role in the pathogenicity of bacterial infectiblacker & Kaper, 2000; Hacker &
Carniel, 2001). LPS is released from the bacteria during cell division, cell death, or as a
result of antibiotic treatent against bacterial infectigRice & Bayles, 2008; Tanouchi et

al., 2013) Upon its release, LPS is recognized yM cells of the innate immune
system and it activates thenThe LPS moleculés not toxic when it is released in small

amounts, butafter endotoxinreaches the blood stream and spreads inbtigy the



immune system begins to relegseinflammatorycytokines such asNF-U , i ukinse r | e
such as IE1, and other¢Beishuizen & Thijs, 2003; Dea Garza, 2005)High levels of
endotoxin carbe life-threatening, frequently causing endotogr septic shockWanecek

et al., 2000; Wu et al., 2004; Hiromura et al., 2007)

1.2.2 The structure of LPS

TheLPS molecule is made wgd hydrophobicand hydrophilic domains and forms part of
the oute membrane of the cell wall ofrgmnegative bacteria, which ismpermeable to

large molecules and hydrophobic compdsinits function is to protectrgm-negative
bacteria from hydrophilic degradation by the other organisms in the environment. Figure
1.1 illustrates the three component parts of LPS, (i) Lipid Ac@re oligosaccharide and

(iif) O-specific sidechain or Gantigen(Skurnik & Bengoehea, 2003; Loutet et al., 2006;
Hagelueken et al., 2015l)ipid A, which binds to CD14pitopescontains two acylated
GIcNACc-P residues (GIcN). The corerpgs made of 3leoxyD-manneoctulosonic acid
(KDO), heptoses (Hep), and neutral sugars such as galactose. The @utBged is
made of repeatmunits of two to eight sugars.

LPS is composed of common and unusual sugars (Fig.1.1). The polysaccharaie o
hydrophilic in nature and consists of two regions, thenfigenand coreoligosaccharide.

The Gantigen is impodnt for distinguishing betweerrag-negative bacteria serotype
strairs (Reyes et al., 2009; Wang et al., 2Q1Dhe core oligosaccharide is divisible into

an inner and outer core le@ks on the sugar groups presefte inner core is a
carbohydrate structure made up ofd&xyD-manne2-octulosonic acid (KDo), L
glyceraD-mannoheptose (Heptose), phosphate and ethanolamine residues. The outer core
is made up ofmore common hexoses, such alkicgse and galactoselipid-A

(endotoxin), the hydrophobic anchor of LPS, is formed of glucosab@sed
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phospholipids that make up the outer monolayer of the outer membrane of most Gram
negative bacteria. The lipid A moietf LPS is responsible for the toxic effects of LPS

(Schromm et al., 2000; Raetz et al., 2007)

L J L J

Repeating unit Outer core Inner core

| 1] Il |
O-antigen Core Lipid A
| J

Polysaccharide
O: Sugars .: Kdo .: GlcN

-~ : Fatty acid .: Hep Q:Phosphate

Figure 1-1: Schematic structure of LPS.LPS is canposed of three main parts: Théantigen, the co
and lipid A, which interacts with epitopes of CD14, and contains of two acylacted GIENAsidue
(GIcN). The core part of LPS consists of KDO, heptoses and galactose.-ahtgén is comprised

repeating units of two to eight sugars. (Source from Glycoforum: Masahito Hashimoto, 2003).

1.2.3 The biological immrtance of LPS

LPS at low concentrations, is able to act as an adjuvant due to its immunostimulatory
action, causing polyclonal -Bdl expansion(Hamann et al., 2005; Xu et al., 2008)
However,high levels of LPS can have an adverse effect. High LPS levels can cause life
threatening endotoxin shock or systemic inftaatory respores syndromgHuber et al.,

2006) CD14is the most prominent cell protein believed to be involved in the binding of
LPS, after LPS is released into the blood stream. CD14 is expressed mainly on monocytes
and macrophages and triggers the productigerahflammatorycytokines(Moore et al.,

2000; Guha & Mackran, 2001; Auffray et al., 2009; Rossol et al., 2011)



1.3 Patternrecognition receptors

PRRs bind their ligands through opsonizatiBanctionally, PRRs can be classified into
three types: Humoral proteins (solublegirculating in the plasma, endoaytreceptors
expressed on the cell surface, anghalingreceptors expressed either on teé surface

or intracellular such a8D14, TLRs scavenger and complement receptoingch arecell
surface receptor&Gordon, 2002Lee & Kim, 2007)

Effector cells of the innate immune system that express PRRs include surface epithelial
cells, monocytes, macrophages and DRRRRs that are expressedibgiate immune cells
recognize ligands on invadingganisms directly by recognition of different conserved
molecular patterns. In contrast, in the context of adaptive immunity, PRRs expressed in
lymphocytesare structurally and functionally heterogeneous protgi@snlineencoded,
expressed by all call and are abl® distinguish self from norself-moleculegJaneway

& Medzhitov, 2002)

Soluble RRRs include soluble CD14, LBMacterial permeability increasing protein
(BPI), lysozyme, @eactive protein (CRP)Yefencecollagens (mannose binding lectin,
MBL) and complementKumagai & Akira, 2010; Gauglitz et al., 201ZBignalingvia

PRRs activatesignaling pathways that inducepuegulation of costimulatory molecules,
antimicrobial effector responses and inflammation upon recognition of PAMPs. The only
known signalingPRRs expressed on cell surface are members of the TLR family (Kopp
and Medzhitov, 1999). However, some PRRs, agmitogeractivated protein (MAP)
kinases, are expressed in the cytosol, and they are able to detect intracellular pathogens

and initiate responses that block thehpatg e n 6 s a b i (Symtons ettalg 20068 p | i c at



1.3.1 Cluster of differentiation 14 (CD14)

CD14 is one of the most important molecules of the innate immune system, having a
wide-range of functions. It is well known that CD14 serves as a pattern recognition
receptor in the innate immune system for many ligands, ranging fats of microbial

cell walls towhole bacteria(Arroyo-Espliguero et al., 2004Manukyan et al., 2005)
CD14 has been shown to be the receptor for LPS of Gegative bactéa, for
peptidoglycan (Dziarski et al., 2000) lipoteichoic acids of gampositive bacteria
(Cleveland et al., 1996and lipoarabiomannan of mycobacterigeElass ¢ al., 2007;
Mishra et al., 2011)The binding of CD14 to LPS is enhancedthg serum protein LBP
(Kitchens & Thompson, 2005; Tsukamoto et al., 20T®)e role of LBPappears to be

that of enablind_PS to dock at the LPS receptor complex by initially binding LPS and
then faming a ternary complex with CD14. However, it has been demonstrated that in
mice LBP is not required in vivo for the clearance of LPS from the circulation, but is
required for the rapid induction of an inflammatory response after exptsuwies in

smdl amount$GonzalezQuintela et al., 2013)

1.3.1.1The structure of CD14

CD14 was first described as a myeloid differaindn antigen in 1981Griffin et al.,
1981) It has molecular weight of 5&Da, possesses multiple leucineh repeats and is
encoded on chromosome 5 (5q) a region that also codes for growth factors, such as
granulocyte macrophage colony stimulating factor aa&tular endothelial growth factor
receptor CD14 is present in soluble form (sCD14) in blood and as a memboames
form (mCD14) in myeloid lineage cells, anchored to the plasma membrangligosy

phosphatidylinositol (GPImoiety (Lee et al., 1993)thus CD14 is not a transmembrane



protein but is attached to the plasm&mbrane via the GRail (Zanoni & Granucci,

2013) Based on its cDNA sequence, CD14 is composed of 356 amino acids and a 19
amino acidlong N-terminal leader peptide. After translation, thete@minal leader
sequence of 280 amino acids is replaced by the GPI anchor. The-hiR8ing site is
located on the N terminal site of the prot@vine et al., 2002Kim et al., 2005)

CD14 occurs asa structurally symmetrical dimer that possesses a horsékboe

structure. Figure 1.2 shows thattimonome i ¢ subuni t of CDh14 ¢

(0]

strands, 11 of them, from b3 etichrefedt@RR)ov er |

domains which consist of 5 to 45 motifs, eack3Bamino acids in length, that generally

fold into horseshoe shapé@<im et d., 2005). All major classes of LRR proteins have
curved horseshoe structures with a parallel sheet on the concave side and mostly helical
elements on the convex sidéhe main significance of LRRs is that repeats from different
subfamilies never occur siftaneously and have most probably evolved independently
(Enkhbayar et al 2004)

The concave surface of the horseskbapedtructure of CD14 consists of a lafijsheet

of 11 parallel and twantiparallel beta strands. The convex surface conbaiishelices

and loops, in no regular pattern. As a resuls rough rathethan smooth and contains
several grooveand pockets that are crucial for ligand binding. Dimerization in the crystal

is mediated by residués P13 and in the loop betwedi2 andP13. Parallel’-sheets
fromthe two monomers interact in an antipardigehion and forna large and continuous
B-sheet encompassing the entire CD14 diffiee. concave face and the adjacent loops are
the most common protein interaction surfaces on LRR proteins. The elongated and curved
LRR 3D structure provides an outstandilngme work for achieving diverse protein
protein interactions (Kobe and Kajava, 2001). Theehninal hydrophobic pocket is

located on the side of the horseshoe near thgtdhirhinus, and it is entirely hydrophobic
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except for the rim. The pocket includitite subpocket has a total volume of 820 A3 and
hence is large enough to accommodate at least part of the lipid chains of LPS. The
residues on the hydrophilic rim of the main pocket are highly flexible (Kim et al., 2005).

The Nterminal region of CD14 malye critical for binding of LP$%Jerala, 2007)

Pocket

Figure 1-2: The structure of CD14.Two monomers of CD14 in the crystal are colored in gray and
Disulfide bridges are shown inange. The position of the NHerminal pocket is indicated by an ar
(Adapted fromKim et al., 2005%.

1.3.1.2 LPS binding ge on CD14

The CD14 receptor contains binding sites that bind severalC&it# monoclonal
antibodies (mAbs)Wright et al., 199Q)Four regions of the binding sites foPS and
CD14 have been identified within the NH&minal d CD14. Residues from the turn

bet ween the bHB1l1 and b2 strands constitute

11
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b2 strand and the one alpha hel ignizethHsPS bir
areaKim et al ., 2005) . Region three consi sts
most frequent target of LPS blocking antibodies. There are at least nine monoclonal

antibodies that r ecogn estié birtdingef LBS2by sCDIH b 3 s |
Region four includes residues from the | oc

2005).

TPEPCELDDEDFRCVCNFSEPQPDWSEAFQCVSAVEVEIHAGGLNLEPFLKR

VDADADPRQYADTVKALR...

Figurel-3: The N-terminal region of CD14. The amino acids in bold are the ones that have
deleted (Adopted from Viyakosol and Kirkland, 1995).

1.3.1.3 Different formsof CD14 protein

The membrane form of CD14 protein (mCD14) is strongly expressed in human
monocytes/macrophages pgas in peripheral blood, in lymph nodes and spleen. Other
non-myeloid cell types, suchs hepatocyteand several epithelial cell types, also express
mCD14.Human monocytes express hitgvels of CD14and elicit 100000eceptorgper

cell, whereaseutrophis expressapproximately3000 receptors perells Antal-Szalmas

et al.,, 1997). The soluble form of CD14(QD14), produced in human plasrbg
shedding from célmembrangKitchens et al., 20Q1Duncan et al., 2004and preseniat
concentrat i dWad etalf, 20142 € g/ mL

Administration of LPS has been shown to upregulate the expression of CD14 within the
first 3 hrsfollowing LPS binding to CD14. Thikllowed by a decrease after63hrsand

then, remarkablythe expression of CD14 increases within the first three dagsam

negative septic shock.andmann et al., 1996Antal-Szalmas, 2000 The first rapid

12



increase is associated with the translocation of intracellular CD14 to the plasma
membrane. The second upregulatis associated witlde novoprotein synthesis and
might correlatewith monocyte differentiatio(Landmann et al., 1996Antal-Szalmas,

2000 The synthesis and expression of CD&4regulated by several mediators.. In
monocytes, the anihflammatory cytokines It4 and IL-13 reduce CD14 expression at

the transcriptional levevithin the first two day¢Ruppert et al., 1991)

1.3.1.4 The biological functions of CD14

One of the main functions of A& is recognition of and binding to LPS or -BBP
complex (Wright et al., 1990 Perera et al., 20015tudies showshat CD14-deficient

mice are hyporesponsivéo low concentrations of LPS and highly resistanLRs at a
lethal dose or LP$hduced shockHaziot et al., 1996)Teo & Hughes (2003)showed

that CD14 is important for the recoijion and phagocytosis of apoptosed cells, and in
preventing theelease ofproinflammatorycytokines during phagocytosis. These results
indicated that clearance of apoptotic cells is mediated ceptor which interactsith
'nonself' components (LPSand 'self components (apoptotic cells) produce distinct
macrophage responses. Furthermore, CD&d hhs the ability to regulaspoptosis in
monocytes; studies on normal monocytes have revealed that the downregulation of CD14
molecules results in monoeytpoptosis whereas increased expression of CD14 protects
these cells from apoptos(sieidenreich et al., 1997However, upregulation of CD14
caused by LPS stimulation resulteddecrease@poptosis irmonocytes (Heidenreich et

al., 1997; Carracedo et al., 2002)
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1.3.1.5 Roleof CD14 in proinflammatory cytokine production

Sepsis is one the most common causes of morbidity and mortalikyspital intensive
care units This condition is characterised by temperature alterations and elevation of
various cytokines in bloodGustot et al., 2009)n gram-negative bacterial infection.PS

or the LPSLBP complex binds to CD14. LBP is not essential forlihmding of LPS to
CD14, but it accelerates it bindingrobably serving as a transfer prot@iurfel et al.,
1995) SinceCD14 is a GRlinked protein, it is incapablef signal transmission across
the plasma membran€hus a membrae cofactor(s) is necessary tifeat LPSmediated
transmembransignaling toll-like receptor TLR and myeloid differetmtion factor 2
being utilized(Akashi et al., 2000)

The CD14LPS complex associates with TLR4, tramist t i ng 6 d o wnvkidhr e a mé
contribute to nuclear translocation of NKEB and production of proinflammatory
mediators such asNF-a, IL-1 and -6 (Jiang et al., @05) In addition to the CD14
TLR4-LPS complex, another glycoprotein, M) is required for the optimal functioning
of TLR4 (Lu et al., 2008a; Schnabl et al., 200814 is also required for TLRMID-2
complex interaction with LP§huto et al., 2005; Lizundia et al., 2008)

Once the LPS is bound and the CPBI4R4/TLR2, complex is formed,nitiate an
Intracellularsignalingcascadeslepend on different sets of adaptéus.earlyresponse to
LPS which involve MyD88 and MyD88like adapter (Mal)results inthe activationof
NF-o Band AP1 Later response to LPSutilizes the TIR-domaircontaining adapter
inducing interferorb (T R | TR)F-rekateddadapter molecule (TRAMyhich leads to
the late activation of B B and | gRaddBtjonofacytakines, chemokines, and
other transcription factorgigure 1.4 showsimmediateresponse occurafter LPSbhinds
directly to the cell surfacendit takes approximatel$0 minutedor LPSinduced actions
to initiate suchas cytokine release and adhesion, after LPSirmndThis suggests that a
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time consuming process such as internalization is necessary to enable sifValifej et

al., 1995)

TLR-4

I MD-2

MyD88

LPS
coﬂ‘r

IRAK-1 IRAK-4

TAB1
TAK1 P
—e P TRAF 6
UeviA Ubc13
NEMO, Ky/
A/P, IKKax

\ NF-xB /
Exs | Ap- |

Figure 1-4: The dgnal cascade via CD14 duringhe inflammatory response to LPS In gramnegativt
bacterialinfection, LPS bind to CD14 and then theonsequentomplex bind to TLR4 which initiates a

TRAF6

JNK (MAP kinases)

signal cascadénitiated in the presece of MD-2. The LPSmediated signalindeads to activation o
transcriptional factorsncluding NF-kB and AR1, andreleaseproinflammatory cytokineg¢Adapted fron
Takeda and Akira, 2004).

1.3.2 TolHlike receptors (TLRS)

TLRs are ancient receptoesssociated with wide range of activitesdtheir involvement
in innate immunity was first demonstrated Dmosophilamelanogasterwhich has only
innate immune responses. Mmosophila TLRs are essential in responsesungal and

bacterial infectiontwo signaling cascades are utilized, a toll pathway and an immune
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deficiency pathway(Singh et al., 2003 Subsequently, TLR hoatogs were described in
humangDa Silva Correia et al., 2001 urrently 12 mammalian TLRs are knowk(ra,

et al., 2006)which contribute to signatransduction induced by PAMRKSabroe et al.,
2003 Singh et al., 2003)Each TLR member activates a different signaling pathway in
response to PAMPs, which then inducgpacific responssuch asnducing productiorof
proinflammatorycytokines.In addition, TLRs control multiple dendritic cell functions
and activate signals that are critically involved in the initiation of adaptive immune
responseqJiang et al., 2000; Singh et al., 200%asaki & Medzhitov, 2004)Up-
regulation é TLRs in response to microbial such as Ldt$oss of negative regulation of
TLR signaling,as well as recognition of seatfiolecules by TLRs, are strongly associated
with the pathogenesis of inflamatory and autoimmune disea$@kira, et al., 2006 The
TLR4 is involved in signalingpathway initiated in response to a wide variety of
endogenous and exogerso molecules, especially LP&nd it may associate with

increasing the risk of septic sho@kndonegui et al., 2005ong et al., 2001)

1.3.2.1Toll-like receptor expression and structure

TLRs are most prominently expressed by professional anigesenting cells nicluding
macrghages and DC3.hey are expressed by epithelial or endothelial cells, but at low or
undetectable levels. TLRs are germ {arecoded type | integral membrane glycoproteins,
display an extracellular domain (amino terminus), contain LRR and intracellulaim®m
(Carboxyterminus), andhave a conserved cytoplasmic portion that is esskrita
intracellular signaling (Fig.1.6§. The cytoplasmic signaling domain of TLRs is
homologous to the human -IL receptor(Figure 1.5 and thus named theoll/IL-1R
(TIR) domain.The extracellular domain of R1 contains Ig@ike proteins(Singh et al.,

2003).
16



Figure 1-5: The structure of toll like receptar (TLR). A transmembrane domain connects tc
extracellular domain thais folded to form a prominent eshaped componenf cytoplasmic domai
projects below the cell membrariewo identicalTLR proteirs coded in blueand redassociate to form

homodime.
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Figure 1-6: Schematic structure oftoll like receptors (TLRs). The extracellular domain of TLF

contains b

cytoplasmic domain of HR1. The extracellular domaiof IL-R1 contains lgdike proteins. TLF

family membes, except TLR3 usethe adaptoMyD88 to activate NFe Bleading toproductionof

L s,andthercytoplasinic domainegn&iastproteins which are similar t

proinflammatorycytokines. Adapted from Biochemsoctrans: (Muzio et al., 2000).

The first TLR ligand described was bacterial LPS, which is detected by.ThRdcen

years the ligands for severdlLRs have been identified (sumarized in Table 1.1).
Significant variability in the structures of TLR ligands exists and they can consist of
lipids, proteins or nucleic acids. Interestingly, some TLRs can detect ligands from several
of these categoried~urther finetuning on the ligad specificity is achieved by formation

of TLR heterodimers. For example the TLR1/TLR2 dimer detects bacterial triacyl

lipopeptide while TLR2/TLR6 recognizes diacyl lipopeptide structuieskeda & Akira,

2004)
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TLR1 +TLR2 Triacyl lipopeptides Bacteria and Mycobacterig
TLR2 (Peptidoglycan) Gram-positive bacteria
Porins Neisseria
Lipoarabinomannan Mycobacteria
Phospholipomannan Candida albicans
Glucuronoxylomannan Cryptococcus neoformans
Hemagglutin protein Measles virus
Not known HSV1, HMCV
tGPFmutin Trypanosoma
TLR3 dsRNA RNA viruses
TLR4 LPS Gramnegative bacteria
Mannan Candida albicans
Glucuronoxylomannan Cryptococcus neoformans
Envelope proteins RSV
HSP60, 70 Host
Fibrinogen Host
TLR5 Flagellin Flagellated bacteria
TLR2+TLR6 Lipoteichoic acid Group B Streptococcus
Diacyl lipopeptides Mycoplasma
Zymosan Saccharomyces cerevisiae
TLR7/8 SSRNA Viruses
TLR9 CpG-DNA B_acteria, mycobacteria ar
viruses

Table 1-1: Microbial Ligands of human toll like receptors (TLRS).
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At least some TLRrequire accessory molecules for PAMP detection. For example TLR4
requires MD2, CD14 and LBP for efficient signal transduction, while CD36 mediates the
detection of diacylglyserols by TLR2/TLR6 dimdPdltorak et al., 1998; Hoebe et al.,
2005. The celluér location of TLRs varies. TLRs 1, 2, 4, 5 and 6 are expressed on the
cell surface while TLRs 3, 7, 8 and 9 are found intracellularly in endosokkesa €t al.,

2009. Intracellular TLRs detect nucleic acids which are also produced by the host. Thus,
it is likely that the endosomal location of theBERs preventuncontrolled immune

activation by endogenous nucleic acids.

1.3.2.2 Function of TLRs

TLR4 binds LPSLu et al, 2008 Peri et al., 20109r the LPSLBP-MD-2 complex(Park

et al., 2009; Peri & Piazza, 201a)d CD14(Levy et al., 2009; Peri et al., 2010ading

to receptor dimerization and activation, and proximate nuclear translocation-@fBNF
(Guha & Mackman, 2001; Park et al., 200&Kim & Kim, (2014) reported that
hyporesponsivgess and hypegsponsiveness to LPS are entirely dependerCD14 and
associated TLR4Both TLR4deficient mice and mice that possess a disrupted TLR4
gene are resistant to the immunostimulatory and pathophysiological effects of LPS
(Arbour et al., 2000; Shi et al., 2006previous studies ka shownthat CD14 is
upregulated by LPSZanoni et al., 2009)Silva et al. (201Q) reportedthat TLR4
expression is also vggulated by LPS, and the physical proximity between CD14 and
TLRA4 trigger LPSsignaling activate and translocat§ NFFe B i nt o nucl eus.
the activation of human TLR4 by LPS is considered to have potential for the development
of innovative drugs for the treatment of sepsis and septic gNogiktin et al., 2005; Peri

& Piazza,2012)
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1.3.2.3 TLR activation andsignaling

TLR4 is the signal transducing receptor for L{Bgutler, 2000; Sekine et al., 200&6PS
recognition by the innate immune system iwes asthe first step binding of the LB®
theLPS, which recognizby CD14 The complexhen binds to TLR4 with present of MD

2 molecules; TLR4 triggers LPS signaling and activatte MyD88dependant or
independensignalingpathway of TLR4(Fig.1.7). TLR4 transduces the signal through the
association of intracellular TIR domain, recruiting the adapter protdili®.domain
containing adaptor molecules are recruited to the intracellular domain of TLR4. Five
adaptor molecules have been identified: myetbftérentiation factor 88 (MyD88), TIR
domainrcontaining adaptor inducing IFN ( TR FdpmaincdntaiRing adaptor
protein (TIRAP; also known as MyD88 adaptiike, Mal), TRIFrelated adaptor molecule
(TRAM) and sterile alpha and HEAT/Armadillo motif giein (SARM). Among these
MyD88 and TRIF are significant in TLRsignaling both mediating activation of
downstreamsignaling (Akira, et al., 2006 Jerala, 2007)MyD88 is used by all TLRs
except TLR3, while TRIFsignalingis used by TLR3 and TLR4. TIRAP/Mal is required
for interaction of MyD88 with TLR2and TLR4, while TRAMenables TLR4TRIF
interaction( Akira, et al., 2006 Tanimura et al., 2008) The fifth adaptor protein SARM
was recently shown to negatively regulate TRignaling(Carty et al., 2006; Peng et al.,
2010) Downstream TLRsignalingincludes several phosphorylation and ubiquitination
steps where TNF receptassociated factor familproteins and IRAKs, together with
cellular ubiquitinabn machinery, play a key roléAKira, et al., 2006 Lu et al., 2008)
Ultimately, TLR signalingresults in the activation and nuclear translocation ofa\B ,
interferon regulatory factors (IRFs) and mitogmativated protein kinase (MAPK)

regulated transcription factors. These transcription factors regulate the expression of a vast
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majority of antimicrobial genes includingroinflammatorycytokines, chemokines and

IFNSs.

s A N EB SR EDIN

MyD88-dependent responses MyD88-independent responses

Figure 1-7: Schematic oveview of the Toll-like receptor TLR 4 signaling pathway. LPS binds td_PS
binding protein (LBP) andhenbinds to TLR4 on the cell membrane with two-rezeptors (CD14 at
myeloid differentiation protén (MD-2), activatingmyeloid differentiationfactor 88 (MyD-88)-dependet
and MyD-88-independent TLR4&ignalingvia different adaptor proteins. The MyD8&pendent pathw.
signals through activation okB kinase (IKK) and mitogen activated protein kingdb®APK) pathways
which in turn leads to activation difie transcription factors nuclear factor (N and activator prote
(AP)-1, respectively Thesecontrol the expression @iroinflammatorycytokines and other immune rela
genes. In addition, phpbatidylinositol 3kinase (PI3K) and AKT are also important factors downstre:
MyD88 that mediatéF-a Bactivation. The MyD88ndependent pathway is mediated by the TIR doF
containing adaptor inducing interferdn(TRIF), which activates interferon regulatory (IRFand induce

the expression of interferon (IFM)and IFNresponsive genes.
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1.3.3 Scavenger receptors

Scavenger receptors (SRs) were originally identified and named based on their ability to
bind and internalize modified lipoprote{Greaves & Gordon, 2009he SRfamily is
comprised of largdype | and type litransmembrane glycoproteins expressed at high
levels by macrphages and DCs, and at a low level by some endothelial cells. SRs have
the capacity to bind modified lowensity lipoprotein (LDL) andother polyanionic
ligands. SRs have been dividetbiright classes, A to H (Fig8), based on congruity of
structure(Pliddemann et al., 20Q7)

Since the SR superfamily is too larggedescribe each familpnember. Clas#\ (SR-A)
scavenger receptors have been shown to recogmegga ofpolyanionic molecules and

play a vital role in microbial recognition amteaance These SRs have been shoten

bind both granpositive and gamnegative bacteri@fThomas et al., 2000Hampton and
colleagus (2000 proposed thaBR-A might be involved in antimicrobial host defence,
based on their observation that-8Reould bind lipid A, an integral part dfPS. SRA

also recognises theam-positive cellwall component LTA(Dunne et al., 1994SR-A

has been shown to play a role in both infection and inflammatiorA-8Bficientmice

show increased susceptibility ®taphylococcus aurewsnd Streptococcus pneumonia
infection (Thomaset al. 2000;Arredouani et al., 2006)However, these animals were
more susceptible to endotoxic shock as a result of incrgasadlammatorycytokine

secretion in respae to additional LPS challenge.
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The domains are indicated in the key. Adapted from (Pludderst al 2006)

1.3.3.1 The structureof classA SRs

Class A SRs are homotrimeric type Il transmembrane glycoproteirs18Rough et al.,
1998; Nakamura et al., 2001Fig. 1.8, which has a sha N-terminal cytoplasmic
domain, a single transmename domain, and large extracellufotein comprised of a

s p a ¢ e +helicalailed-tbil domain, a collagenous domain, ande@minal scavenger
receptor cysteineich (SRCR) domain(Martinez et al., 2011; Qiu et al., 201SR-All is
shorterthan SRAI as it lacksof the SRCR domaiiSarrias et al., 2004MARCO is
structurally similar to SFA | , but -Helmat ¢oitedcail Mombin and has a much
longer collagenous domainSankala et al., 2002)n comparison to SRAl, SRCL-I
contains a @erminal ctype lectin domain instead of a SRCR domain, and an additional
extracellula serine/threonineich region. The SRCL Il isoform lacks the ¢erminal

lectin domain (Nakamura et al., 200J)ang et al. (20063uggested that SCARAS has
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five domains and its extracellular portion is composed of a long spacer, a short

collagenous domain andSRCR domain

1.3.3.2 Scavenger receptor locakdion

SRsare most abundantly expressed in rapbages, particularly Kupffer cells, alveolar
macrophages, and macrophages in the spleen and lymph (Mweay & Wynn, 2011,
Hussell & Bell, 2014)Fibroblasts, endothelial cells, smooth muscle cells and DCs also
express SR¢gHusemann et al., 2002Jransient expression of bovine SRs on cultured
cells shows that SRs are mainly expressed in the ER, nuclear envahapeésolgi
apparatus of nemacrophage cells, whereas in macrophages and macreigteagells

they are present on the plasma membrane but also localize to eeddblamo et al.,
1991) The expression and activity 8R-A were reported to be dowegulated by LB in

the human monocyte cell lin€THP-1), through TNFU s e c. fnecbritrasty their
expression is uggulated by LPSni both peritonealmacroplage and mouse cell lines

J774and RAW264.7 (Fitzegerald et al., 2000).

1.3.3.3 Roleof MARCO and SR-A in host defen@

SR-AI/All that are associated with atherosclerosis express on macrepeaged foam

cells during atherogenasiwhich suggests the roté these types oER in this process
(Linton & Fazio, 2001; Van Eck et al., 200B)JARCO expression in the atherogenesis
plaque has not been proven.-8Rhas beenmplicated in several diseases, including

Al zhei mer di sease anydbidgrotentaedtadvanced glycatidnd n d s
product (AGE)modified protein(Granucci et al., 2003; Canton et al., 2018%E is a

hetrogenous group of proteins or lipids linked to both oxidative stress and inflammation
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and they are found in many tissues. AGE are involved in protegs dirtkking and have

been identified in pathological tissues, such as the kidney of patients with diabetic
nephropathy and chronic renal failure, atherosclerosis lesions and amyloid fibrils in
haemodialysiselated amyloidds (Basta et al., 2004; Hodgkinson et al.,, 2008)
Macrophages from SR deficient mice show a decrease in the phagocytosis of apoptotic
thymocytes. Therefore, it was proposed that/Skhay play a role in the removal of
apopbtic cells(Platt et al., 2000)SRs were originally identified based on their ability to
scavenge modified lipoproteins, these molecules have been shown to recognize and bind
to modified and unmodified hosterived molecules or microbial components. As a major
subset of innate pattern recognition receptors, scavenger receptors are mainly expressed
on myeloid cells and function in a wide range of biological processes, such as
endocytoss, adhesion, lipid transport, antigen presentation, and pathogen clearance.
Scavenger receptor has been implicated in lib&rance of LPS imacrophagdike J774
cellgCzerkies et al., 2013Also LBP and mCD14 augment LPS clearan@utsmann et

al., 201a) It seems likely from these and other studies that LPS clearance is a separate
event from LPS signal transductifreonPonte et al., 2005)in addition scavenger
receptorgplay a crucial role in raintenance of host homeostagisthe pathogenesis of a
number of diseases, e.g., atherosclerosis, neurodegeneration, or metabolic disorders.
Emerging evidere has begun to reveal these receptor molecules as important regulators
of tumaur behaviourand host immune responses to car(d@r et d., 2015) MARCO

also has a role in the regulation of the cellular response to heat shock (ifoteayashi

et al., 2000) and plays a role in adhesion and spreading procesdes expression of
MARCO in spleen macrophages in the spleen marginal zone contributes to meténtio
marginal zone B cell&arlsson et al.2003; Kellermayer et al., 2014Evidence for this

came from specifidbinding of soluble MARCO to these cells, and inhibition of the
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binding with antibody against MARCO. The ligand MARCO in marginal zoneB cells
has not beerdentified Karlsson egl., 2003). Besides LPS, SRalso binds lipoteichoic
acid from gram-positive bacteriaor the bacteria, such aStaphylococcus aureusnd
Mycobacterium tuberculosiunne et al., 1994; Thomas et al., 200@ARCO is able
to bind gamnegative ad gam-positive bacterigPeiser et al., 2002; Huang et al., 2012)
Crosscompetition studies with LPS and several othedi§&ds have shown other SRs,
expressed on Kupffeand liver sinusoidal endothelial cells, involved in the binding of
LPS(Knoll et al., 1995; Nedredal et al., 2008Rs have been implicatedthe clearance
of damaged and apoptotic cell§Terpstra & van Berkel, 2000; Yu et al., 201%his
recognition by SRs may be explained by the structural similarities betwestin
membranes aniipoproteins. Botlconsist of phospholipidsholesterol, and glygootein.
Oxidative damage to a lipoprotgiarticle may create epitopes that resemblesfiitopes
exposedy cells that undergo apoptosis or by senescent erythrosytds as membrane
phosphotidylseringdPS. PS is, under normal conditions, confirtedthe inner leaflet of
cell membranes, but on apoptosisaging, when the aminophospholipggymmetry is
destroyed, PBecomes exposed on the outer leaflet, providing a signadrfaval(Zullig

et al., 2007)Some SRs have been shown to bind liposarnetaining PSPliddemann
et al., 2007)and SR ligands, such as oxidized low denkjtgprotein and poly, inhibit
the binding of damaged and apoptotic celf$erpstra & van Berdd, 2000) further
suggesting a rolef SRs in the removal of damagadd apoptotic cells. MARCO is also
described as a ligand for uteroglobulelated proteirl, which is expressed on bronchial
epithelial cellfHeinzmann et al., 2003)

In addition to microbial components, MARCO and -8Rrecognize unopsonized
environmental particles, such as 1i®e(, SiO; and latex bead§Shifu & Gengyu,

2005; Kanno et al., 2007MARCO appears, in fact, to be the major receptor on lung
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alveolar macrophages (AM) for these particles. This notion is based on the work of
Palecanda et al. (1999)ho showed Hhat particle binding by SRs gensitive to general

SR inhibitors. In addition, binding is largely retainadSR-A-KO AMs. Palecanda et al.
(1999) generated an antibody that blocked binding of the unopsonized particles by
hamster AMs. This antibody was found to be clied against MARCORalecanda et al.,
1999). Recantly, a similar approach was used toramstrate the major role tHafARCO
confers in particle binding in human AN&rredouaniet al, 2005a) Studieswith SR-A

and MARCGOKO mice have provided direct evidence that these SRs afford a protective
role in the hostlefence SR-A KO mice were more susceptible than wiyghe controls to
infection with Listeria monocytogenes and staphylococcus aufBlaschet et al., 2014
Thomas et al., 2000), and with the viral pathogen HfAUerbuch et al., 2004)The

study with S. aureus indicated that opsoninindependent bacterial phagocytosis is
significantly decreased in macrophages lackingASR his might be the reason for the
susceptibilityof SRA KO mice to the infection with this bacterial strain (Thomas et al.,
2000). LPstreated SRA KO mice primed with Bacille Calmett@uerin, a live
attenuatedMlycobacterium bovivaccine, were highly susceptible to a subsequent LPS

challenge, with increased production of TNF a n-@l(Hawdrth et al., 1997)

1.4 Regulation of cytokine and chemokine gene expression

Microbial infection leads to rapid production of inflammatory cytokines and chemokines.
The expression of these genes is regulating mainly at a transcriptional level by binding of
transcription factors to their target elements on gene promoters. Generally cytokine and
chemokine genes are regulated by activation of transcription factors sudR-asB ,

interferon regulatory factors, AP and STAT. Transcription factor pathways, mainly
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activated via pattern regaition receptors and cytokines whichctivate these
transcription factors, thereby creating positive (and negative) feedback mech&uotims.
direda PRRmediated and indirect cytokirraediatedmechanisms are involved in the

regulation of cytokine and chemokine production during microbial infections.

1.4.1 The nuclear factor kappa B (NFe B )

Nuclear factor kappa B (N& B) i's a ldcbimigeéng traostriptionnfattors,
expressed in most cellSalminen etal., (2008)showed thaNF-a Hs a masteregulator of
inflammatory and innate immune respondiebas been implicated in several inflammatory
diseases due to its function as a regulatoproinflammatorygene expressiofLi &
Verma, 2002; Kravchenko et al., 2008he present study investigates innate immune
mechanisms of severe sepib-a B pd vitalyrae in sepsigvolving innatemmune receptors

and poly (ADPribose) polymerase (PARP) enzygne

1.4.1.1 StructureofNFe B f ami |l y members

TheNFe B f ami | y i sistsrofficenpeoteiss (RRgolONFe B1 ( p1 05/ p50
NF-eB ( p10O0/-Ap63))Re:-BRardlcRel. All members of theNF-e B f ami | y
have a conserved Réhomology domain (RHD{Li and Verma, 2002y allabhapurapu &

Karin, 2009) The DNA binding domain, nuclear localization signals (NLS), dimerization
domains and the |1 8B bindi nfomdiagyndomen Ther e | 0 ¢
NF-a B pr oRek,iREB and p65 (REEA) also contain a transactitten domain.

NF-NF-a Brefers toa heterodimer of two protesna p65 subunit (also called IRA&) and

a p50 subunit, and it is most abundant form of the pr¢&asaki et al., 200%)-ig. 110).

p50 c-Rel dimers also occufSarnico et al., 2009Both p50 Rel-A and p50c-ReL
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dimers are regulatedybnteractionswith inhibitorof B (1 aB) proteins,
their cytoplasmic localization. ReB can act as a transcriptional activator and a repressor
of NFe B dependent gene -Ais pespensildel far most oiviiBiBl e R EL

transcriptional activity, due to the presence of a strong tratigation domain

(Ramakrishnan et al., 2013)
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Figure 1-9: The schematic structure of NFa B f apnoteihnsyandthei r i nhi bi t or.

Abbreviations; LZ (red) leucine zipper, RHD (green) Riidmology domain, GRRgrangg glycine rict
regions and | @B ( bl SojrceiLirahdiVbrma@®2). of 9B pr ot ¢

30



Figure 1-10: The structure of the active form of NFe BThe most activéorm of NF-a Bconsists ofwo
subunit. p50(green) and p6%ed)

(Source from http:/Mmmww.web books.com/MoBibree/Ch4H3.hth

Under umstimulated conditons NB B pr ot ei ns ar e retained
association with | 8B proteins. Upon activa
by | @B ki n a shatsubgedquénifgdablp the tjanslocation of NFB  di mer s
into nuclaus Li & Verma, 2002 Inthe nucleusNkb B di mer s bind to t he
sequences and associate withactivation proteins such as cAMP responsive element
binding protein to enhance transcription. The®NB pat hway i s i nduced
factors,including cytokine action, activity following PRRediated microbe detection,

and DNA damagéKawai & Akira, 2007; Salminen et al., 2008)

1412RoleofNFe B i n inflammatory responses

NFeB i s one of t prenflalmmatorygeeegexptessipnoandsmediates the
transcription ofproinflammatoryc y t o k i n e s1, I(-Z, N.6,UL-12,land GFCSF)

(Souza et al., 2008; Lawrence, 200&hemokines RANTES, MIR1 U,  M(Edtghty
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et al., 1997; Vila et al., 2007; Yi et al., 20IaJhesion molecules (ICAM, VCAM, E-

selectin) (Lawrence, 2009; Zhong et al., 2012; Xiao et al., 2Gdt) inducible factor

enzymes oproinflammatoryenzymes like COX2, hemeoxygenasg, iINOS(Surh et al.,

2001; Ferrante et al., 2008)

NFFeB i's normally retained in the cytopl asm
inhibitory molecules oKappas (IkBs) (Li & Verma, 2002) Activation of NF-a Boccurs

by two different pathways: the classical and the alternative pathway (Orange et al., 2005).

The classical pathwaof NFe B act i v at) i®the modgt ielgvant th thig study

and is triggered bysignaling through TLRs. Activation of N B asc upan cell

exposure to stimuli, for example cell stress, the effegrraihflammatorycytokines such

as TNFU, LRSs and viralinfection. LPS activate NB B yphosphorylation of
inhibitorof NFe B ki nas e s ub unsometiraes ipHibaoof NF-KBEK 1R i mande
subunit beta (1 KK2)-kinase complex. Themdtivatbactdrsomay k ap p
directly activate thé K K, which causes phosphorylati on
results in the freeingof NB B het er odi mer s hen ffansiocate eto the o d i me
nucleus and bind to thappropriate promoter regions. These resint®xpression of
transcriptional factogenesareresponsible for production gifroinflammatorycytokines

such as IL1IL6, ILBand TNFU ( Or ange et al ., 2005) .

The activation of NF@e B 0 ¢ ¢ u rsgnalarbmTé&R4, transmitted via the MyD88

pathway, which initiates when CD14 binds tePS and then transfers to TLR4.

Activaton of TLR4causes phosphorylation of [ 8B by I
of | 8B througlt the ubiquitisystem. The freed NB B (-RelBA) translocates

into the nucleus andctivates gene x pr es si on. The newly synt he
nucleus, where it is helps to removethe®NB f r om t he DNA and exp

cytoplasm where it normally residegHinz et al., 2012; Schuster et al., 201B)has b
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beenfound that PARP enzymes, especially PARRre required for Nl B act
(Hassa et al., 200Nakajima, 2004Veuger et al., 2009; Castri et al.,1A). Castri et al.
(2014)found that PARPL plays arimportant role in the actation and relocation of NF

8 B t oytoplakne.

SIGNALS

CY TOPLASM

Proteasoms

NUCLEUS

Figure 1-11: Activation and translocation of NFFe B i nt o t Mhis schematic diagmm sho
thatNFe B i s retained in the cytoplasm by 1| 8B.

the MyD88 pathway and cause phosphbrat i on of | 8 Be).lbFeedINB B ((-Fet )
enters the nucleus and activates gene expre
NFeB off DNA @&arBd beaxcpgkortto NFhe cytoplasm (Sourc
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1.5The mitogenactivated protein kinase family (MAPK)

Protein kinases are enzymes that have the ability to modify other proteins by covalently
attaching a phosphate group to them. The most comnmeipikinases, serine/threonine
kinases, act on serine and threonine, tyrosine kinases act on tyrosine, while dual
specificity kinases act on all three amino acids. Such phosphorylation of proteins can
affect their enzymatic activity, proteprotein inteaction, protein location in the cell, or
their propensity for degradation by proteases such as mitdgétKs (Widmann et al.,
1999) Responses to LPS are characterized by activation of multiple intracellular
pathways, including the MAPKNF-a Band AR1 pathwaygChen et al., 2012; Lu et al.,
2012)

Mitogenactivated proteinMAPKSs include theextracellular signategulated kinases
(ERKSs), c¢Jun Nterminal kinases (JNKs), and p38 MARitivated protein kinases
(Johnson et al., 2002; Roux & Blenis, 2004YIAPKs phosphorylate specific
serines/threonines of target protein substrafdse resultant signals transduce to
downstream pathways arakttivate numerous transcription factors, with induction of
genes enating inflammatory moleculeRaman et al., 2007; Huang et al., 200Bhe
elicited cytokines are believed to be responsible for cell proliferation, differentiation,
immunoregulabn, and cytotoxicity of bacterigLamkanfi et al., 2007)MAPKs are key
mediators driving the production of inflammatory cytws during sepsigLiu et al.,

2012 Frazier et al., 20)2Activation of the MAPK pathway occur after LPS stimulation

in MyD88 knockout mice,with delayed kinetics compared with wild type mice,
suggesting MyD88 involvaent but not essential, in LRi8duced MAPK activation and

that other MyD88ndependent pathways exigindreakos et al., 2004; Bandow et al.,
2012) Recently an adaptor molecule homologous to MyD88, Mal/Tirap, has been show

to be involved in the activation of MAPK by TLRAndreakos et al., 2004, Laird et al.,
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2009) In a fashion similar to #t of MyD88 knockout mice, Tirap knockout mice
demonstrate delayed activation of MAPK after LPS expod(awvai et al., 1999Kaisho
et al., 2001) These findings point to thpresence of other pathwagdependent of

MyD88 and Mal/Tirap, which lead to the activation of the MAPK after kR@ulation.

1.5.1 JNK subfamily proteins

JNK protens are encoded by three geneskININk2 and JNk3. JNk1 and &Rl encode
ubiquitously expressed JNK pems, whereas the KR protein product is primarily

found in the brain, heart and to a lesser extenthm testis(Kumar et al., 2015)

Alternative splicing of the jnk transcripts results in 10 different JNK isoforms, each of

which may target differentranscription factor¢Dreskin et al., 2001; Manassero &,

2012 NK1 and JNK2 have four isoforms each (|
1, JNK2 U 1 and JNK2 b lisoforms all have
U 2, JNK1 b 2, JNK2 U 2 and JNK2 -témiruis i sof o
and their molecular weight is 54 kDa. J NK?Z
JNK3 U 2 (Dfeskih et lD2001)n this study the effect of PARP inhibit®x}34

on the activation of the JNK cascade, afteduction of PARR1 activity by LPS, was

investigated.

1.5.2 INKs and inflammatian

LPS bindsto LBP in the plasma and is delivered to the cell surface receptor CD14. Next,
LPS is transferred to the transmembrane signaling receptdikéolleceptor 4 (TLR4)
and its accessory protein MD2. LPS stimulation of human monocytes acthestersl

intracellular signaling pathways that include the lkappaB kinase (MKp Bpathway
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and three mitogeactivated protein kinase (MAPK) pathways: extracellular signal
regulated kinases (ERK) 1 and €;Jun Nterminal kinase (JNK) and p38hese
signaling pathways in turn mediate multiple downstream events leading to thei@ctiva
of AP-1 and NFaB, which results in induction of a range of inflammatory cytokines
(Guha & Mackman, 20QXKim & Kim, 2014). Therefore, inhibition of the activation of
MAPKs, Akt, NFaB and AR1 may have poteid therapeutic applicationdark et al.,
2011) JNKs have been isolated and characterized as stetisated protein kinases on
the basis of their activation in response to inhibition of protein syntlidgban etal.,
2011) They were foundo bind and phosphorylate the DNA binding proteidun and to
increase its transcriptional activit@g-Jun Nterminal kinaseés a component of the AP
transcription complex, which is an important regulator of gene expressibril
contributes to the control of many cytokine genes and is activated in response to
environmental stress, radiation, and growth factfrall stimuli that activate JNKs.
Regulation of the JNK pathway is extremely complex and is influenced by many MAP
kinase kinase kinases (MKKKSs). As depicted in the Signal Transduction Knowledge
Environment JNKPathway Connections Map, there are 13MKKKs that regulate the
JNKs. This diversity of MKKKs allows a wide range of stimuli to activate this MAPK
pathway. JNKs i@ important in controlling apoptos{€hen, 2012)The inhibition of
JNKs enhances chemotherapguced inhibition of tumour cell growth, suggesting that
JNKs may provide a molecular target for the treatment of cadbé{ inhibitors have

also shown promise in animal models for the treatment of rheumatoid arthritis
(Bogoyevitch, 2005)The pharmaceutical industry is bringidK inhibitors into clinical

trials for both diseases.
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1.6 Poly (ADPRribose) polymerases (PARP)

Poly (ADP-ribose) polymerase (PARP), also known as poly (ADBse) synthetase
(PARS),is anabundant nucleagnzymelocated in the nucleusf eukaryotic cks, and

becomes active in the presence of DNA dam&j&RP activation results in cleavage of

NAD+ to nicotinamide and pw (ADP-ribose) to form longor branched (ADRibose)

polymers (PAR) on glutamic acid residues of a number of acceptor proteins. These
proteins are associated with chromatimd PARP itself. PARRcatalysed NAD
polymerization is referred tas poly ADRribosylation(Soriano et al., 200Ifentori &

Graziani, 2005)Over activation of PARP is considered to play a role in various patho
physiological conditions, including septic shock, via activation BfaNB i n respon:

LPS Sorianoet al.,2001;Cuzzocrea, 2005)

1.6.1 Structureand types of PARP enzymes

The PARP family contains 17 members that differ from one anatr&ructure, serving
different functions in theell (Fig. 1.13. PARP-1, which is involved in repair of single
stranded DNA (ssDNA) breaksonsistsof three maindomains: the Nerminal DNA-
binding domain (DBD), the autmodification domain (AMD) and the -@rminal
catalytic domain. The DBD domain contains two zinc fingers which are responsible for
DNA binding and some proteiprotein interaction (angelier et al., 2011; Sun et al.,
201450me PARP enzymes (PARP and Vault PARP) have an attwodification
domain containing a BRCT motif, which is common in DNA repair and-aalle
proteins(Nguewa et al., 2005 he catalytic domain contains the active site of PARP

al so termed the OPARP signat ur eddnsigtshofaghl vy c
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50-amino acid sege n c e . The 0P ARaRctesistiogoh allttypes efoPARPs
enzymegBirkle, 2005)

Apart from PARPL, PARR2 is the only PARP isoform that it éctivated by DNA strand
breaks.Despite the absence of the autodification domain from PARR, it displays
automodification propertiessimilar to PARP1, but its DNA binding domain is very
different from hat of PARP1(Huber et al., 2004)The DBD domain of PARR is differs
from thatof PARR1 in size and itacks thewo zinc fingers and the BRCT motif. PARP
2 is targetedo the nucleusThe catalytic domain of PARB is similar to that of PARR,

but PARR3 displays a smaller DNAinding domain(Burkle, 2005). The vault/PARR
has a BRCT domain similar to that in the aotodification domain of PARR (Hassa &
Hottiger, 2005) The DBD domain of tankyrask contairs a HisPro-Serrich (HPS)
domain, and the ®rminus of tankyrase displays homology to the PAREatalytic
region (Burkle, 2005). Tankyraske displays a domain structure that is similar to
tankyrasel except for the Nerminal HPS domain, which is misgirin tankyrase?
(Burkle, 2005).The tankyras® enzyme was reported to interact with several other
proteins such as insulresponsive amino peptidase (IRA@bodio et al., 2002)Poly
(ADP-ribose) glycohydrolase (PARG) is an important enzyme that possésties
endoglycodiic and exoglycosidic activityit is responsible for the catabolism of thely
(ADP-ribose) polymer (Min & Wang, 2009; Finch et al., 2012As a result of the
combined action of PARPs and PARG, pADP-ribose) undergoes@ynamic turnover

in live cells(Burkle, 2005).
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Figure 1-12: Schematic structure of some members of the PARP familyf enzymes Different types ¢
PARP enzymes and their domaiase representedAbbreviations: BRCT, BRCA1 {erminus; DBD
DNA-binding domain; HPS, HiPro-Serrich domain; MVRBD major vault bindingdomain; NLS

nucl ear |l ocal i zat i enodules i SHB,astc ;homAdyMregioss; tTH,rtrarisreemb

domain; VIT, vault protein inter alphBrypsin domain; VWA, von Willebrand factor type A domain;

zinc finger. (Source: Burkle, 2005).

1.6.2 Poly (ADPRribose) polymerasel (PARP-1)

PARP-1 appears to play a critical role in maniplogical processes. These include DNA
repair and maintenance of genomic stability, transcriptional regulation, centromere
function and mitotic gindle formation, centrosomal function, structure and vault
particles, telomere dynamics, trafficking of endosomal vesicles, apoptosis and necrosis
(Burkle, 2005) PARR1 and PARRP2 are activated by ssDNA breaéad serve important

functions in DNA repai and expression of both PARP and PARP2 andu or DN
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strand brealdependent poly(AD®ibosyl)ation is essential during early embrgenesis
(Schreiberet al., 2002) PARR1 or PARR2 knockout mice provided evidence ftinese
roles. When PARHR/-2, inactivatedthe cell susceptibility to DNA damaging agents
increasesand strandoreak rejoining is inhibited (Tentori and Graziani, 2005). One of
thePARR1 6 s most i mp,avhich & metevart to hes study, s $he regulation
of the production of inflammatory mediatdrsSodhi et al., 2010; Liu et al., 2012; Scalia
et al.,, 2013) Activation of PARP1 plays an mportant role in the upgulation of
inflammatory cascades through interactions with transcription pathways sinifra® |

JNK, AP-1 (Hunter et al., 2012Scalia et al., 2013)

1.6.3 PARP enzymes and mechanisms mfoi nflammatory cytokine
production

Pdy (ADP-ribosy)lation is a postanslational modification of DNA binding protein in
eukaryotic cell{Yung et al., 2004; Schreiber et al., 2006; Ahel et al., 20R8RP1 is
activated by DNA strand breaks. Subsequently, PARSynthesizes polymers of poly
ADP-ribose from NAD to promote DNA repaifKim et al., 2005b; Schreibest al.,
2006) Over-activation of PARPL depleteNAD" and adenosine triphosphd#TP) and
eventually leads to necrotic cell death by energy fai{ifiiag et al., 2003 Alano et al.,
2010) There is evidence thaPARP acts as ao-activator in NFs Bmediated
transcription Nakajima et al., 2004)(Hunter et al., 202) have indicated the likelihood
that NFe B i s r e g u l-la Sevatal rbpprts RakeRsRown that PARPlays a
pivotal rolein NFe B activation independently of

to NFe B(Hassa et al., 2005; Hunter et al., 2@2)oly ADP-ribosylating it(Oliver et
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al., 1999; Laudisi et al., 201and that inhibition of PARR can attenuate this agdtion
(Shaposhnikov et al., 2011)

NF-a B actigatedand translocate to the nuclebg a specificsignal fromTLR4 after

binding to the CD14.PS complex. It has been shown that tregtnice with LPS results

in rapid activaton of N B i n macrophages f (Qivar ePAALRP p o0 s
1999) Activation of PARP has been shown to occur upon endotoxin administration
(Oliver et al., 1999;Shall & De Murcia, 2000)This resulti n degr adati on
inhibitor of NFa B, p e ritsudletri tranglocain, uponwhich NFe B acti vat e
genes concerned with inflammatory or immune responses, such as induciblexikeic
syntheses, i1, IL-6, and TNF (Oliver et al., 1999; Cuzzocrea, 2005). PARG and poly
(ADP-ribosy) lation play a critical role in the #®calization of nuclear p65/N& B t o t he
cytoplasm in addition tds possibleeffect on NFa Bdependent transcription (Cuzzocrea,

2005 Shaposhnikov et al., 2011
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1.7 Role of CD14 and PARP enzymes in diseases

CD14 receptor has been reported to be réledemany diseases, anegulation of CD14

gene expression plays a critical role in many inflammatasgases. Antabzalmas,
(2000) reported thatiwkersion of mCD14 and sCD14 expression Isvfeom their normal

range isassociated witimany disease$?ARP activation playsa role in the pathogenesis

of various cardiovascular and inflammatory diseases (Murakami et al, 2004). Published
research suggests that CD14 and PARP may significantly contribute to the overall
inflammatory response related to LPS. SiR&RP and CD14 receptors are related to
many diseases, this study will discuss only those diseases that might be related to the
CD14 receptors and PARP via activation of -BllBmediated transcription. This
knowledge will help to expand the options for efifiee intervention, so that inflammatory
diseases can be treated or preventadivation of CD14 and PARPhas been shown to
contribute to the pathogenesis of Grappative sepsis and various inflammatory

diseases.

1.8 Role of CD14 and PARP in sepsis/sepshock

Gramnegative bacterial infection, which results in overproductiomroinflammatory
cytokines such as M1, IL-6, and TNFU and eventually results
(Frink et al., 2009)Septic shock is severdorm of sepsis, defined as sepsiduced
hypertension. Septic shockassociated with elevation in body temperature and collapse

in heart and respiratory ratdnnane et al., 2005; Hunter & Doddi, 2010; Schortgen et al.,

2015)
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1.9 Pharmacological effect of antCD14 and PARP enzymes

One might predict that blockingf CD14 andPARP with inhibitors will reduce the
inflammatory response to LP®ecause both are key regulators of the pathogenesis of
inflammatory diseases. It has been suggested thaCBxit4 and PARP inhibitors may be
valuable for treating septic shook other inflammatory diseasésreeman & Natanson,

2000; Veres et al., 2003; Annane et al., 2005; Szabo, 2007; Hexaltat al., 2009)

1.9.1 Anti-CD14 antibody

CD14 is a receptor for LPS, ahtbcking of CD14 actiity by anttCD14 is an important
therapeutic strategyt has been found that af@iD14 antibodies protected rabbits from
death and prevented hypotension in LPS injected rabbits (Haziotet al.). 1996
Furthermore, mice with ovaxpression of CD14 had ancreased susceptibility to LPS
induced shockFerrero et al., 1993; Furusako et al., 2001; Nakamura et al.,, 2008 a
recombinant artCD14 monoclonal antibody significantly decreased {iRficed shock

in animal models and that cause by humamdotoxaemigVerbon et al., 2003; Kim &

Kim, 2014) Furthermore, inflammatory responses such as cytokine release and
granulocyte activation were strongly inhibited by @&DB14 nonoclonal antibodies

(Verbon et al., 2003)

1.9.2 PARP inhibitors

Several studies have raped that PARP inhibition has an amflammatory effect. For

instance, PARHA plays a role in transcriptional control duri@p14 activation, and
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PARPR1 activity-dependent regulation of N& Bs a novel pharmacological target in the
better management of the treatment of inflammatory diso(@aabo, 2002)Evidence
indicates that PARR-deficient mice are resistant to lethality induced by LPS, and
inhibitors of PARP1 are promising tools for therapeutic interventi@epedaet al.,
2006; Pacher & Szabd, 2007; Godon et al., 2008)ibition of PARP improves the
survival rate of mice subjected to endotoxiBzabd et al., 2004; Godon et al., 2008)
specific PARP inhibitor, R34, based on a modified 6 (5H) phenanthridinone structure,
increased endotoxic shock survival rate and had variousndlatnmatory effects in
animal models of endotoxaem{&luang, 2009; Chevanne et al., 2010; Mazzone & Nistri,
2011; Scalia et al., 201.3Jse of PARP inhibitors may be a promising approaoh t
alleviate asthma attacks (Cuzzocrea, 200%ag, 2005) This research study was
intended to improve our understanding of the role of innate immunity and-EBR#P

interactions in comglx inflammatory diseases.
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AIM OF THE STUDY

1. To assess the role of PARP activation in the regulation of CD14, TLR4, TLR2 and SR
receptor expression in human macrophages, following treatment with LPS, in the
presence and absence of PARPbithr.

2. To determine whether the presence of LPS can overcome the effect of the PARP

inhibitor.

3. To investigate CD14 and SR receptor associations on the cell membrane with or

without the presence of LPS.
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CHAPTER 2: Materials and Methods
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2.1 Materials

2.1.1General Laboratory chemicals

All chemicals used in this study including tissue culture reagents were purchased from
Fisher scientific (UK). DMSO and poly (ADPFibose) polymerase inhibitofPJ34),
Lipopdysaccharide (LPS) fror&. coli, serotype EH100RPhorbal 12myristate 13acetate

(PMA), 1,25dihydroxyvitamin OF (VitDF) and accutase were purchased from (Sigma
Aldrich, UK). ELISA kit for measuring TNRJ antdb Iwer e bought from

(UK). A nudear extract kit was purchased from active motif kit (UK).

2.1.2Tissue culture

2.1.2.1Cell line

The human monocyticell line (THR1), is cell line derived from acute monocytic
leukaemia patienwith distinct monocytic markers, was purchased fromltHgaotection
agency culture collean (HPACC) (UK)The cell was grown in different size tissue

culture grade flasks, which were purchased from NUNC (Denmark).

2.1.2.2Cell culture media

Human monocytic Leukemia THP cells were grown in suspension tcué in RPM#}
1640 (PAA, UK), which was supplemented with 10% (v/v) heaiteactivatedfetal calf
serum (FCS) (PAA, UK)the culture was maintained at %7 in an air humidified

atmosphere of 5% (v/v) GO
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2.1.3 Antibodies

Antibodies Purified monoclondflouse anti human either antiCD14 (Clone 26icH14),
antrhuman TLR4 Clone HTA 129, antthuman TLR2Clone TLR2.1), anthuman SR
(ClonePLK1), poly clonal rabbit anthumanNF-a B poly clonal rabbit arthuman JNK
and FITC goat aminouse IgG antibody all were purchased from (Biolegend, UK) and
PE donkey antrabbit and FITC goat anithouse antibodies were purchased from (Sigma,
UK). Goat anti mouse antibodies conjugatathulex 488 (greenbr Alex 555(red) were
purchased from (Biolegend, UK).

48



2.2 Methods

2.2.1Tissue culture

2.2.1.1Thawing of cells

Cryogenic vials with 1x1Dcells/ml in a 9:1(v/v) solution of FCSlimethyl sulfoxide
(DMSO) wasremoved from liquid nitrogen. Special precautions were taken which
included using a protective mask and heavy padded gloves. Cells were thawed rapidly at
37°C and then transferred using a sterile glass pipette to a 10ml centrifuge tube containing
5ml of freshcomplete medium to dilute out the DMSO. After centrifugation for 5 minutes

at 1300 rpm(34 xg) the medium was removed, the cell pellet was resuspendentlinfs

fresh medium, and the number of the cells was counted using a haemocytometer. A final
concentation of 1x10 cells/ml was transferred to eitheiflask or cell culture plateCells

were cultured at 3T in humidified a tissue culture incubator with 5% (v/v)LO

2.2.1.2Routine passaging and prolongation of cell culture

THP-1 cells are suspensiaells, growing continously in RPM#1640 supplementedith

10% (v/v) FCS. Cells were sub cultured twice a week when the culture reached about 70
80% of maximum density, either by dilution of the old cell culture to fresh medium or by
increasing the volumof the stock culture by adding a fresh medium. The cell suspension
was transferred to a centrifuge tube and was centrifuged for 3 minutes at 13(82rpm
xg). After that the medium was removed, the cell pellet wesispended in 5 ml of fresh
medium anda proper mixing was carried out by continuous pipetting up and down to

avoid the formation of cell clamps:inally, the cells number was counted by using a
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haemocytometer and diluted to a final concentration of 1xHls/ml. Cells were

cultured at 37C in a humidified incubator with 5% (v/v) CO2

2.2.1.3Determination of cell number

The cells were resuspended thoroughly by pipetting up and down thsuspknsion,

using apipette, and then the cell suspension was transferred to a haemocytometer and
drawn under the cover slip by capillarity. The cells in an average of 5 to 10 squares were
counted using the 10X objective. The number of cells was calculated by averaging these
counts and dividing by the number of the squares, and finally that number liediltip

by1x10to obtain tle number of the cells paéml of stock

2.2.1.4Cell viability assay

The cells viability was determined by mixing equal amount (100 I) of 4% (w/v) trypan
blue exclusion and THR cell culture, mixed and left for 5 manAfter that cells from the
mixture were transferred to a haemocytometer and drawn under the cover slip and cells
were counted as indicated above. The cells stained with blue color were counted as dead
cells and unstained cells counted as viable cells. From tioeses the percentage of cell
viability can be determined as following: (total célldead cells) x 100/total cells (Butler

and Spearman, 2007).
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2.2.1.5Freezing of cells

A cell line which is free from contamination can be stored for long term azenfistock

in liquid nitrogen. The cells were frozen dows culturing them to grovio log phase,

and the suspension prepared for freezing down DMSO (Qyopreservative agent).
After determinecell number per ml in the cell suspension, the cell suspensias
centrifuged for 5 mimat 1300 rpm(32 xg) and the supernatant discarded, the cell pellet
was resuspended in a 9:1 (v/v) mixture solution of FCS: DMS@e ml of mixture
solution wasadded talx10' cells/ml in cryogenic tubeThe cryotubes were sedl tightly

to avoid any leakage and wrapped up with cotton were to provide a sufficient insulation to
slow down the freezing process, then placed into a box which was transferred
immediately to be stored in a freezer&C. Finally, after reaching thissmperature, the

cryotubes were transferred to liquid nitrogen to be storetP&tC for long term storage.

2.2.2Proliferation studies

2.2.2.1The effect of PARP inhibitor PJ34 on the THR1 cell viability

To assess the cytotoxic effect of PARP inlubiPJ34 on THR cells, THP1 cells at
density of5x10* celldml were plated in 30 mm cell culture plaed after 24 hours of
seeding, different concentrations of (5, 10, 20, an@gi) of PARP inhibitor PJ34 were
added to the cultured cells. Cells wexmunted at 48 lsrand 72 hs from seeding time.
Trypan blue was used to stain the dead cells by mix equal amount of cell culture with
trypan blue and incubate for-33 mins and haemocytometer were prepared and cell

counted.The percentage of cell viabilityas calculated as following: Total cell number
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dead cell number divided by total cell number x 1D8ad cells stained with trypan blue

and live cells remainnstained (Fig3.5).

2.2.2.Zreatment of THP-1 cell with hydrogen peroxide to induce DNA
damage
THP-1 5x10 were differentiated ithamberslide with PMA 5 ng/ml for 72 krthen the

media replaced with fresh media incubated with different concentratiof§,{®0 and
250 uM) of H,O, for 10 mirs and cell then washed and fixed with paraformaldehyde 4

w/v for 15 min on ice and then washed and incubai#id monoclonaimouse anthuman

PAR antibody for 45min and washed. Afterward cells were incubatgth goat ant
mouse atibody labelled FITC dér another 30 mm The slide wasexamined under
confoca microscopy.Bio-Rad Radiance 2000 and images were analysed by using-image

J software

2.2.2.3Cell differentiation

THP-1 cells were differentiated with two differentiation inducer reagent, phdrbal
myristate 13-acetate (PMA) and 1, 28ihydroxyvitamin Df (vit.D3 for different
concentrations rad time course were carried odtHP-1 cells at final density of 5x£0
cells/ml were treated with different conceations (0, 5, 10, 20, and 30 ng! of PMA

and incubated for 72 hrs, concentration of Smigias used for time coursemeriment
(24, 48, 72 and 96rk). For differentiation with vit.p cells at density of 2x10cells/ml

were treated with (0, 50, 100, 150 and 200 r@¥1yit.D; and incubated for 72r& and

concentration of 100 nMvas used for timeourse gperiment (24, 48, 72 and 96l
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The difference in the cells number used with each differentiation inducer was because
PMA inhibit cell proliferation, wherea¥it.D3 not affecting the cell proliferatiorf-or
flow cytometry experimentsaadherent ells were detached from the plastic surface with

accutase.

2.2.3Flow cytometry to detect cell surface receptors

Flow cytometry was used to detect cell surface receptussyas achieved by passing

the cells in suspension buffer fluid sheath andosye them to a beam of lasdtlow
cytometry use different laserdor illumination, during exposure of the cslto the laser

beam, they are characterized individually badeon their scattered light and emitted
fluorescence, which collected and filtered dimally converted to digital value and the
guantities ofthe labelled cells can be anabg using computeiThere are two types of
light-scattering, forward scattering related to the cell size and side scattering related to the
cell granularity. Samples un and (10,000 cells) was acquired for each sample and

analysed with specific software and geometric mafaeach sample was calculated

2.2.3.1Cell surface staining for flow cytometry

Indirect immunofluorescence stainingas used to prepare celfor flow cytometry

analysis. This methomcludes two steps The first step includes incubation of cells with
specific primary antibody tadetect theantigenof interestand thesecond step includes
incubation of cells witrsecondary antibody labelléd fluorochrome which binds to the
primary antibodyto locate theantigen. Differentiated cells were washed twice with

phosphatéuffered saline (PBS) and incubateith accutase for 5 mins at 37C. Cell
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suspensios (2.5x1C0cells/ml) per samplevere centrifugedat 1200rpm for 2-3 minutes
supernatamst werediscarded. The cell palletesuspended inold blocking buffer PBS
supplemented with 0% (w/v) bovine serum albumin (BSAjpr 10-20 min. The ells
wereincubated withconcentration of 0.5mg/ml at 1:50 dilbns of primary monoclonal
mouse anthuman either (arCD14 clone 26ic or anrTLR4 clone HTA125 or ati-
TLR2 clone TL2.1 and antlARCO for 45 mins at C, after washing twicewith
blocking buffer. Cells were incubaed with secondary antibodgoat ant mouse IgG
labelled FITCfor further 30 mins and washédice with blocking buffer. Afterward cells

werefixed with 4% formatiehyde for 1520 mirs on ice,washedand resuspended in 350
pl blocking buffer.Finally, cells wereransferred into FACS tubes @&analysed by flow

cytometry (Aria cell sorter or Accuri 6) and results analysed withJBlsoftware version

8.8.6 (Tree Star Inc., Ashland, OR, USA).

2.2.4lmmunofluorescence labelling of antigens for microscopy

2.2.4.1lmmunofluorescence labellingmethods

Immunofluorescent labellingvas achieved by twoways, direct and indirect. Therdt

way, is direct immunofluorescence can be achieved by using antibody against the
molecule of interest is chemically conjugated to a fluorochrofte ®cond way is
indirect immunofluorescence, which includes stes, in whichthe first stegs usinga
primary antibody specific for thantigenof interest is unlabelled anithe second step
usingsecondary antibody tagged witllaorochrome. The secondary antibody sliobe
raised against the animal in whictetprimary antibody was produced. Interactionhef
primary antibodywith the secondary antibody which labelled with a fluorochrome can

then be visualised using ultra violet and laser equipped microscopy teefiniqu
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2.2.4.2Single immunofuorescene labelling of antigen

THP-1 cell were differentiateth Lab-Tek 8 well slides (Thermo Fisher Scientific) at a
density of 7.5x10 cellstvell, for three daysvith PMA (5 ng/ml). The culture medium
was aspirated fronthe wells andcells wereincubated with different concentration of
H,0, for 10 min,and therwashed with PBS prearmed at 3%C. The cellsfixed with 4%
(w/v) paraformaldehyde fot5 mins on ice andpearmeabilized with 0.01% triton 100X

andwashed with PB&fter each steplhe cells weréblocked with blocking buffer [2%

(W/v) BSA in PBS] for 1 hat 4°C. Cells incubatedvi t h 100 el anti body

well primarymouseantrhuman mAbs: ardPAR (clonel0H) at a di l uti on

in blocking buffer[1% (w/v) BSA in PBS] for 1 hat £C. After the incubationsamples
were washed three times with PBB8d then inabated for 1 h with goat anathouse IgG
antibodies conjugatewvith Alexa Fluor® 448 (Invitrogen, Carlsbad, CA, USA) at a
dilution of 0.25 €9/ 100 ¢l . T h ethereadtér,| s
chambemdisassociated and remov&dm the slides The slides wereair dried in the dark
and then mountedvith vectashield hardest mounting medium (Vector Laboratories,
Burlingame, CA, USA), covered with the coverslips numbhe& and the slide were

visualised using confocal microscopy BRadRadiance 2000.

2.2.4.3Detection of cell surface receptors by immunofluorescence

doubles labelling

Un-differentiatedTHPL or THP-1 cell were differentiated inLab-Tek 8 well slides

(Thermo Fiskr Scientific) at a density of %%0* cellstvell with PMA (5 ng/ml) for 72

hrs. Theculture medium was aspirated from the wells and the cells were washed with
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PBS prewarmedat 37C. The cells were fixed with 4% (w/v) paraformaldehydelfsr

20 minson iceand washed with PBSAIl subsequent steps were carried ouram
tempeature otherwisestated. Cells wermcubatedwith blocking buffer [2% (w/v) BSA

in PBY for 1 hour. Staining was done sequencdor each antigenThe cells were
incubae d wi t h 1 0dilutientperavalltusing thelfgllowing pmarymouseanti
human mAbs: aMCD14 (clone 26irandmouseantthuman MARCQO(clone PLK1) at a
dilution of 1&¢ g / 1 O Cblockihg buffer[1% (w/v) BSA inPBg for 1 h at4°C. After

the inabation cells were washed twice with PBS. Cells were then incubated-#5 30
mins with goatantrmouse IgG antibodies conjugated with Alexa Fluor® bb3lexa
Fluor® 488( | nvi t rogen, Carl sbad, CA, USA) at a
blockedagain with 2% blocking buffer before second round of primary and secondary
antibody staining. For staining cell nuclei, 4@midinc2-phenylindole (DAPI) (Sigma
Aldrich) was used at a 1:250 dilution in PBS. The cells were thoroughly washed with
PBS theeafter chamber disassociatetidremovedfrom slides. The slides wesgr dried

in the darkandmounted with ectashielchardesimounting medium (Vector Laboratories,
Burlingame, CA, USA), covered with the coverslips numhes and cells images

obtainedwith Nikon Air confocal microscope.

2.2.5Confocal microscopy

2.2.5.1Principle of confocal microscope

The confocallaser scanningnicroscopyis a valuable instrumenthat uses a laser to
provide an excitation light attached to computer to build up amalyse digitalized
images to observe only at the plane of focus. The laser confocal microscopy provides

threedimensional images by reconstructing the serial optical sections of thick specimen.
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The laser light reflected off a dichroic mirror and hits twror which are mounted on
motors, and these motor scan the laser across the sample. The dye in the sample
fluoresces, and the emitted light gets descanted by the same mirrors used to scan the
excitation light from the laser. Then only the emitted lighgég®es through dichroic mirror

and focused onto the pinhole, and the light that passed the pinhole is measured by
detector. The fluorescent light signal transformed into an electrical signal by a computer.
A cell or tissue images can be sectioned opticalhg these images at different depths

can be compared. These imagean be analysed individuallypr regenerate three
dimensional images by assembling a stack of these two dimensitagds from
successive focal planes, and the presented image pixelsponds to the relative
intensity of detected fluorescent light. The confocal microscope provides clear images by
excluding all out of focus information. In this study two different types of confocal
microscopes were use a Brad Radiance 2000 and imagesr& analysed by using

image J software and Nikon A1R laser scamser software NI®lements AR 4.13.01

2.2.5.2 Imageacquisition

For colocalisation study etl images were acquired using a Nikon A1R confocal
microscope with a plaapochromatic violetarrected (VC) 1.4 numerical aperture (N.A.)
60x magnifying odimmersion objectiveCell images wereacquired in fourdifferent
channels, using ongay consecutiveline scans. The Alexa Fluor 488 was excited at
488nm with laser power 7.8rbitrary Units (AU), its emission collected at 525/50nm
with a PMT gainof 140 AU (Geen channel). The Alexa Fluor 555 signal was excited at
561nm with laser power 2.1 AU, and collected at 595/50nm with a PMT §ait7cAU

(Red channel). ThBAPI was excited at 405nm thilaser power 3.2 arbitrary units (AU),

and its emission collected at 450/50nm with a PMT gain of 118 Rally the
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differentialinterference contrast images were acquired using the transmitted light detector
at a gain of 103 AUThe scan speedsedwas¥s frames/s (@lvano scanngiand no offset
wasused The pinhole size was s®BeAinpdisksizeadthe r ox i r
1.4 N.A. objectivesat 525nm. Scanner zoom was centred on the optical axixaado

a lateral magnification of 55nm/gk and a Nyquist factor of 2.5dnd 2.79 forAlexa

Fluor 488)and AlexaFluor 555 respectivelyThe axial step size was 140nm, with-3D

image planes per-gack.Single or isolatedalls with reasonablesignal strengthn both
channels were examined lati accurate quantitation of the flat plasma membrane and
uncrowded receptor distribution.

In order tovalidate a reliableolocalission with this method, optimisation afamples

were achieved withtaking in accounthe following conditions First, satureed pixels

were avoidedpecause it may represent lost informattbns not used for quantitation.
Therefore,all the values above the dynamic range were not reco®ecbnd,Using
datasetghatacquired withthe correct sampling parameters as descridyethe Nyquist
Shannon reconstruction theorem (Nyquist, 1928; Shannon, 1949). Briefly, the smallest
structure in an i mage, as determined by
criterion, should be repsented by at least two pixels anayher samplingthree to four

pixels) is also acceptable, whiledersampling must be avoided. Third, aberrations were
minimised in the imaging setup. This was done by using objectives corrected for spherical
(6pl and) and chromati c ab endrapachromatis violeta c hr o n
corrected (VC), depending on the number of colours correctedrcadition uni, not
bi-directional scanning, zooming in to the centre of the field of view, and separating
colours in line scanning rather than ffrkme mode \&s done as measures for minimising

aberrations
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2.2.5.3Colocalisation analysis

A novelty method mentioned i@abeen et al., 2018Jas followed for this angsis. The
colocalisatiorapproach uses MATLAB software (version R2010b with Image Processing
Toolbox; MathWorks Inc., Natick, Massachusetts) and is based on a 3Blikéfeature
detection algorithm introduced by Obara amaworkers(2013) All steps arebased on
analysis in 3D. The algorithm is divided into two stages: candidate location detection, and
candidate location pruning. After acquisition of separate datasets for both molecules, the
fluorescent intensity of particles is enhanced while suppigskan noise by convolving

the image with a 3D Laplacian of Gaussian (LoG) kernel. Th& lkernel size is
controlled byuserdefined radiug. Local maxima, detected by morphgical opening,

are then used talefine all locations of particles brighter thaheir immediate
surroundings. This process continues until a-deéined low intensity bound (separate

for each channel, to allow for datasets where noise levels are markedly different) is
reached. This is the threshold below which no particles caafbly gdentified because of
image noise. In orddp accurately measulocalisationof particles in the dual colour
fluorescence images, their centroid positions were pinpointed at subpixel resolution using
weighted centroids. A local matching procedtiren performed an exhaustive search for
correct matches between the two vectors of intersecting positions, using the expected
average radius of the surrounding circle of lighFor each position in one channel, we
calculated the Euclidean distance feery position in the other channel. If the distance of
the closest pair is safler than the maximunsolocalisationdistanced, then the pair is
added to the list of matches and removed from the input vectors All candidate locations
are pruned to eliminatgpurious locations due to imageise. Theprocedure is repeated

until there are no more matches satisfying the maximum colocalisation distance

condition. Receptopairs were deemed to colocalig they did not exceed the diameter
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determining the approximmt e si ze of a single particlebs
for this PSF, measuring 165nm in x and y, and 412nm in z. Receptor pairs with their
centroids further apart than 165mwere classified as netolocalishg. These remaining

positions in both dtasets are then labelled as unmatched.

2.2.5.4Visualisation

After |l oading the programbés Graphical User
channel, the algorithnrsi r un by pr esatiingnd hkeu tétCor .o cRé 3 sl
viewed in fivedifferent ways:1) Stacks: Centroid positions of all identified particles are

mar ked by red dots in the image stacks, an
moving through the differentglanes. To verify how exactly a sup@solved centroids

positioned inside a fluorescent blob, a high zoom can be apg)iddiaximum intensity
projections.To visualise an entire dataset in one image, projections of each image stack
are available (O6Projecti on figore 2d,mith géer oj ect
and red asterisksarking unmatched (necolocalisng) particles, green and red asterisks

with blue circles indicating colocalisation®) Scatterplot: Produces an isometric
perspective view of particles shown as asterisks (green and re@dbrchannel), and
colocalisations encircled iblue. The numbers for colocaitsons and particles detected

in each channel are also indicatdyiDistance map: A coloutoded 3D distance rpas

used to visualise colocatisons. Eaclctolocalisationis hown as a single sphere, with a

coded colour indicating thestance between the two colocaligparticles (Fig. 21).
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Figure: 2-1: Colocalisation detection and quantification ofCD14 and MARCO receptors on PMA-
differentiated THP-1 cells (A) Threedimensional image dPMAI differentiated THPL cell showing blu
(nucleus), green (SR), red (CD14), and yellow/orange possitdbealised particlegB) Threedimensione
scatter plot of single cell depicting the relationship between SR (MARCO) (green asterisks) and C
asterisks). Blue circles designate colocalisedCD14 and SR molecules. Total number of red, ¢
colocdised spots per cell is quantifieC) Colourcoded 3D scatter plot for Euclidean distance me
colocalised particles. The colour scale indicates the distance between the centroids of colocal
ranging from 0.059 pr®.21 pum (colocalisation distae thresholdl=0.22 pm). The corresponding histogi
represents colocalisation distance onxfaxis and the number of colocalisations onytaxis. Note that gri

for cellular dimensions uses microns.
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2.2.6Protein Immunoblotting assay

Protein Immunoblotting assay also known as wester blottisgone of the most
commonly usd techniques ibiosciencdaboratories for the detection of specific proteins
in cell culture supernatants and cell lysates. This assay is assembly-lbastrprotein
separation and antibodbased protein detection. This assay is involves rstdfp pocess

and described as follows

2.2.6.1Preparation of cell lysate and proteinquantification

Cell palletfrom suspension calbr adherent cellsvere washedwice with PBS lysed or
frozendown at-80°C until used for cell lysate§.o prepare whol®r cytoplasmiccell
lysateactive nuclear kit was use@ells pellet from suspension cells culture or adherent
cell after detached with using accutassre washed twice with PB$/ centrifugation for

5 mins at 1300 rpn(32 xg) Cell lysate was prepared acdorg Active Motif kit
manufacture protocol was folived. Total protein concentration was determined by the

Bradford Assay (Sigma Aldrich, UK) foll owi

2.2.6.2 SDSolyacrylamide gel electrophoresis (SDFAGE)

Proteins e able to move in an electric field at rate which is determined by their charge
mass and their shape. Proteins can be separated according to their mass by treating them
with sodium ddecyl sulphate (SDS). At neutral pH, one SDS molecule binds to each
amino acid, and because SDS molecule carries negative charge, therefore SDS bound

amino acid repel each other, so that protein chain will remain unfolded and strengthened.
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The change in the protein chain and its mass will determine the rate of the movement in
the gel. In the SD®AGE two types of gels are used; first, a stacking gel which has a low
concentration of acrylamide, subsequently proteins will move rapidly through it. Second,
the running or resolving gel which uses a higher concentration of acrylatnetefore

proteins move slower through it giving better resoluti

2.2.6.3 SDSFAGE system

The mini gel apparatus was assembled as indicated in thRdionstruction for casting
discontinuous polyacrylamide gels. Two glass plates were assembiigdais clamps

the outer glass 8.3cmx 10.2cm and inner glass 7.3cm x10.2cm with a space of 0.75mm
between them for the comb and a mark was drawn underneath each of the teeth of the
comb to facilitate loading. To prepare 12% w/v running gel, the mixturarofing gel
solution was poured between the glass plates until the mark, then distilled water was
poured on the top of the running gel to line up the edge of the gel, andedlkow
polymerize for 45 mingt room temperature. After that the water was neddy tipping

up the gel plates and the surface carefully dried with filter paper. The stacking solution
5% w/vwas then prepared and overkythe top of the resolving gel, a comb inserted and
was left to set for 25 ms. Onewell per gel was loaded wit5ul of moleculamweight

marker proteins (SigmAldrich, UK). The remaining wells were loaded with 15ug cell
lysate mixed with sample buffat ratio of 4:1(total volume 25ul). At the start the gels
were run at 50 volts fod5 mins and then afteat 1M volts until the dye front almost

reached the bottom of the plate, at that point the electropherasiterminated.
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2.2.6.4Western blotting

When the SDS?AGE approached the end of its riine protein bands transferred to a
polyvinylidene difluoride (PYDF) membrane (Immobilo#L, Merck Millipore, Merck
KGaA, Darmstadt, Germangnd thisknown aswestern blottingvhich carried out with
Bio-Rad transfesystem The (PVDF)membrane wabeforehandoaked in methanol for

1 minand then washewith distilledwater and soaked in transfer buffégvhatman filter
paper, gel and filter pads were fm@aked in transfer buffer. The cassette was placed in a
shallow tray cordining transfer buffer, the pneetted filter pad was placed on the black
side of the cassetnd a sheet of Whatman filter paper was placed on the filter pad. The
gel was removed from the elegdtwresis chamber after the lower corner ofrgarked

with blade and the gel inverted on the Whatman filter paperm PADF membrane
placed on the gel & cutting the lower corneio match the gel. The sandwich was
completed by placing another piece of Whatman filter and filéek on the top of PVDF
membrane. The cassette was locked properly with the white latch and placed in the
electrophoresis modulé&inally the cassette was placed in the téil&d with transfer
buffer prechilled to 4C and the cooling buffer help to keep the temperature as low as
possible during the transferring. The transfernmas run at 30 volts overnight or for 1hr
and 20 mis and after completio of the run, PDVFnembrane was removed from the gel
keeping the prota side upside. Themembrane wathen blocked wittb% skimmed milk
blocking buffer for 1 h at room temperature with constant rocking. After that the
membrane was aubatedn 10 ml of fresh tPBSontaining 10ul of the primary antibody

at dilution 1:1000 for 2B hrsat room temperature with constant rockingeThembrane
was then washed for03minswith wash buffer, changing the washfter each 10 mins
Afterward themembrane was incubatevith 10ul ofsecondary antibodgbelled FITC at

dilution 1:1000 for 30 mig the menbrane was washed for 30 miwsth wash buffer,
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changing the wash buffer each bfins with constant rocking, themthe membrane
scanned with ODYSSE¥frared imaging system (,Cor BiosciencelPage Rul er E P
Prestained Protein Ladder from Fermentas (Thermo Fisher Scientidis)used anthis
prestained protein MW marker is designed for monitoring the progress of SDS
polyacrylamide gel electrophoissfor assessing transfer efficiency onto PVDF, nylon

and nitrocellulose membranes, and for estimating the approximate size of separated

proteins that have been made visible with gel stains or Western blot detection reagents.

2.2.7Enzyme-link immunosorbent assay (ELISA)

This techniqueis one of the most common immunological assayhich highly
characterized with its versatility, sensitivity asplecificity and ease of automation. The
colored product formedndicated for directly proportional to the aomi of antigen that

bond to antibody. In this the technique, a standard curve with known concentrations of
antigen of interested can be plotted in order determine the unknown antigen in
experimental samples. ELISKts ready set go supplied frombgosciertes were used to

measure accurately and precisitlg TNFU JL-1 b6 | ev e | produced by ce

2.2.7.1Assay procedure

TNFUJIL-1b | evel were measured in culture suf
biosciences, Cambridge, UK) following the manufact@eommendations. In brief 96
well microplates (Nunc MaxiSorp) were coatedth capture antibody overnighhe

plate were aspirated and washed three times with wash buffer, then iraaitédbtted
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on absorbent paper to remove any residual buffer. Folippwashing the wellblocked
with 200 ul/well of 1x assay diluent andcubated for 1 hat RT followed by washing as
previously. 100ul/well of diluted standard500 pgml of TNFU, IL-1 bwere added to
approprate wells in order to plot standard cun&fold serial dilutioncarried outand
100pl/well of experimental samples were addedhe rest of the wells. The plate was
sealedand incubated at’@ overnightfollowed by a total of 5 washes then, the detection
antibody (100ul) diluted in 1X assay diluent was added and the plate wabatedat

RT for another hour. dllowed washing, 10@/well of Avidin-HRP diluted in 1X assay
diluent was added into each well and #ealed plate was incubated at RT for 30 minutes.
Followed aspiration and washifdgimes.Substrate solution (tetramethylbenzidine) added
to each well and platesere incubated for 15 miret room temperature and the reaction
was stopped by adding 50 of 1M H3PO, The optical density of each well was

measured at 450m using micro plate reader (Versa Max).

2.2.8Polymerase chain reaction PCR

The polymerase chain reaction (PGRR)some called "Molecular photocopying” is one of
cheap and fast technig used in molecular biology which eased copy or amply a single
target segment of DNA and generate thousands or millions of particular DNA sequence
The techniqueused in medical and biological research laboratories Varety
applications such a®NA cloning for sequencing or functional analysis of genes,
diagnosis of hereditary diseases, identification of genetic fingerprints used in forensic
science and DNA paternity test and detection and diagnosis of infectious diseases.

PCR procedure involves thresteps carried out in repeated cycles. The first sep

(denaturation), during thistepthedenaturationor separation, of the two stids of the
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DNA moleculeis achieved by heating the diag material to temperatures of about 95°C
and the two strands become a template on which the new strands will biittteugecond
stepis (annealing) during this stdpe temperature ieduced to about 55°Gp that the
primers can anneal to the terapt. Thethird step(extension) in this stefhe temperature

is raised to about 72;@nd the DNA polymerase begins adding nucleotides onto the ends
of the annealed primers. At the end of the cycle, which lasts about five minutes, the
temperature is raise@nd the process begins again. The number of copies doutdes af

each cycle. Usually 25 to %cles produce a sufficient amount of DNA.

2.2.8.1Primer design

The pearl primer software was used to design the forward and reverse primers 4or CD1
MARCO and gclophillin. In design of the primer all the factors that have a vital role in

the PCR reaction and product generating such as whether the primers are for standard or
real time PCR]Jength of theprimers, the repeated and the amount of GC pairben t
primer, the annealing temperature (Tm). The designed primers were supplied by Fisher

scientific (Invitrogen).

2.2.8.2RNA extraction

Total RNA from undifferentiated and PMdifferentiated THPL cells gown in a 100
mm glass culture plat@asextraded using Rl-reagent (Sigma Aldrighaccording to the
ma n u f a dnstwectiens Biiefly, cellslysed directlyby addingl ml of TRFreagent to

glass culture platand cell lysate homogenized pntentiouspipetting, finally the
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mixture transferred t&® ml eppendorf tubeand left to stand for 5 mins at room
temperature. Afterwar®00 pl of chloroform was added to each tube ahdcked
vigorously for 15 secs and allowed to stand for amotB15 mins and mixture at
centrifuged at 12,000 xg for 15 mins2a8°C, the mixture separated in there phases, red
organic phase containing, and proteins, an interphase containing DNA, and a colorless
upper aqueous phase containing RNA. The aqueous phase transferred to a clean tube and
0.5 ml of 2-propanol per ml of RI-reagent used was added to each tube and mixed and
allowed to stand for-40 mins, afterward the tubes centrifuged at 12,000xg for 10 mins at
2-8°C, the RNA in the sample at the end of centrifugation form a pellet on the side and
the bottom of the tub& he supernatant was removed and the pellet washed with 1 ml of
75% ethanol per 1 ml of TReagent used in the sample preparatibeasample vortexed

and centrifuged at 7000 xg for 5 mins &8°Z, the RNA pelletiried for 510 mins by air
dryeror undervacuum. Finally, appropriate volume sikriledouble distilled wateadded

to the RNA pellet and mixed byipetting up and down with Gilsopippete on a water

bath at 55-60°C for 10-15 mins and stored a80°C until used.The concentration and
guality of RNA were assessed withNanodrop machineand the purity of RNA extract

were examined by run the RNA extract in 1% agaros gel.

2.2.8.3 Preparationof cDNA

Appropriate volume of RNA containing|®y of wasmixed with 1 pl of random hexamer
(Thermoscientfic, UK) in PCR tube andhe volumeof the mixture madep to 12 pl
with sterile double distilled wateand tubes were placed RCR machineGeneAmp"
PCR system 970pPand heated to 68 for 10 mins. As soon as the 10 mins finished the

sample tubes werplaced on ice straight away as any dealing will renaturation of the
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secondary structure®/ith sample on the ice 4 joif 5x buffer €nzyme buffer), 2 pl of 10
mM of dNTPs(Thermo scientific, UK)1 ul of water and 1 pl of the reverse transcriptase
enzyme(Thermo scientific, UKWwere added to PCR tube, with keeping all the reagent on
the ice. Finally, the PCR tubegereplacedagainin PCR machine and run on program as
following, 37°C for 2 mins, 42C for 1 hr, 76C for 5 mins( to inactivate the enzyme) @én

at 12C forever and the cDNA kept on ice or storeelafC.

2.2.8.4Real time polymer chain reaction(qRT-PCR)

Real time PCR (gR-PCR)was carried out utilizing 320 of PCR reactiondor each

samplewhich isprepared as following; 10 pl master mik ®yBr Green (SensiFASY)

real time PCR kit(Bioline, UK) aliquotin 96 well PCR plate, 1.6 pl of primer mix
consisting of the forward and reverse primers each presemtoncentration o6 pM,

sterile distilled wate7.4 pl andl pl of cDNA. An RT-PCRfilm seal was properly placed

and the plate spun briefly to insure that the liquid placed in the bottom of the wells and
then the plate was placed on the gRCR mache (CFX 96, BieRad) runfor specific

number of cycling and temperature

2.29 LPS uptake assay

THP-1 cells at density 1xfaells /ml were differentiated in 8 welthamber slides (Lab
tech, Millipore) withPMA (5 ng/m) for 72 hrs then the mediaasremoved and chamber

slide washed with sterile PBS and cells were stimulated with medeastEaum for

69



another 24 hrs. Afterwardells werestimulated withLPS 055: B5 10hg/ml labelled
FITC (Sigma Aldrich, UK in present and absenoé PARP inhibitor P334 10 uM 30

mins prior to stimulation with LPS for (15, 30, 60 and 120 njinkhe slide the washed

with PBS and fixed with 4% paraformaldehyde for 15 swin ice and washed with PBS
and air dried in dark. Mountingiedia was placedn the slide then cover with cover slip
with consideration of no air bubble trapped between the slide andottee gtip. The
cover slip sealed with Marabu Fixogum rubber cement (Marabuwerke GmbH & Co. KG,
Tamm, Germany). The slide was examined and imaged with Nikon (wide field

microscope).

2.2.10Nitric oxide determination by Gries reaction

Nitric oxide (NO) prodution reflect an importanimmunological response, which can be
detected bychemiluminescence, citrulline assay and electrorarpagnetic resonance
(EPR).TheGriess reagent is the most common technique used to detect NO in biological
samples and this systedescribed for the first time by Griess in 1879 and this system
based on the fact that NO degrades in aqueous solution to nitritg) (W@ of two
primarystable formation of NOThis system is used a chemical reaction of sulfanilamide
and N1-napthylethjenediamine dihydrochloride (NED) under acidic conditions and can
be used to detect NO in biological samples like tissue culture medium and plasma. Nitrite
is detected in samples by formation red pink colour which formed initially as a reaction
between th&lO, in the biological sample with sulphanilimide which form diazonium salt

and with adding the azo dye agent (NED)pivék colour develope
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2.2.10.1Procedure for determination of nitrite concentration

A stock nitrite standard solution of a 10
was prepared by diluting 0.1 M nitrite standard 1:1000 in the REBMD medium,
supplemented with 10 % FCS. Serial dilution of twofold were performed in triplicate to
geneat e the nitrite standard reference curve
then 50 €l of the samples were dispensed i
50 el of t he sul fani |l ami de solution (Pr
expeimental samples wells by using a multichannel pipetter, and incubated for 4@tmin

room temperatur e a fldapthyletnyeriediaynine dibyarocleldride o f N
(NED) solution (Promega; CAT#G2930) was added to all wells and incubated for 10

mins at mom temperature and protected from light. Absorbance was measured using a

Versa Max microplate reader equipped with 520 nm and 550 nm filters.

2.2.11 Celmmuno-precipitation assay

To study the interactionf CD14 and MARCOreceptors on PMAlifferentiatel THP-1

cells in presence and absence of3RJn response to LPS QGg/ml. Cells were lyseds
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described in section 2.2ahd1 mg cell lysate obach sample waacubated with 4 ug of
ant-rCD14 antibody overnight at 4°CAfterward 40 ul of protein A/G garose(Santa
Cruz,) was addednd kept overnight on a rotator at 4°C. The samples were spun down for
30 secondst 1500 rpmand the supernatant was discarded. The beads then were washed
three timesusing cold PBSLoading buffer containing DTB0 ul were added to each
sampleand then boiled to 9C for 5 mins Then 20 pl of each sample was loaded in each
well of SDS-PAGE gel and they were left fa80 mirs at 50 V and the rest wd20 V.

The gel was then transferred to PDWembrane for hr. and 20 mig at 100 V on ice.

The membranes were then blocked 5 % of-fadty milk for 1 hr. followed by washing in

tPBS for 30 mirs. The membranes werthen incubateeither with aniCD14 or anti
MARCO for 34 hrs. The membranes washed wRBS threetimes 10 mirs eachwith
changing the tPBSThe membranes were then incubated with secgrgtzat antimouse
antibody for 30 min followed by washing witRBSfor three times each timerfd0 mirs

with changing the tPBSThe membranes were fihascanned using the Odyssknfrared

Imaging System from Ecor Biosciences

2.2.12Proteomic analysis ofTHP-1 cell line

2.2.12.1Preparation of cell lysate

THP-1 cells cultured and differentiated ¥00 mmcell culture dishes (Nunc, UKyith

PMA (5 ng/ml) for 72 hrs,and 1x10 cdls were used per sample foell lysate. Cells
were detachedrdm culture dishes by accutasepunted and washed with PBS as
described earlier (Section 2.2.1.2ell lysate was prepared by resuspended the cell pellet
in 1 ml of the protein extractiohuffer prepared in the LabUfea 7 M, Thiourea 2 M,

CHAPS 4%,50 mM Tris basgall reagents were purchased fr¢8igmaAldrich, UK).
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Cells were vortexed and kept on ice for 5 m@ell lysats were spun at 20,000 xg for 20
mins; supenatant was transfermeanto prehilled clean microcentrifuge tube and stored at
-80°C until further used. Protein concentration @l dysates was determined with
Bradford &sayusing Bradford reagent (Sigma Aldrich, YKollowing manufacturer's

instructions.

2.2.12.2First dimensional gellsoelectric electrical focusing (IEF)

Immobiline dry strip gel pH ¥NL, 17cm (Bio-Rad, UK) used in this study was
rehydrated in immobiline dry strip reswelling tray. The strip was rehydrated overnight
at room temperature in 30Dof rehydration buffer (Urea 7 M, Thiourea 2 M, CHAPS
4%, protease inhibitor cocktail 1X, DTT 20 mM, ampholyte 1%, bromophenol(iue
%, SDS 0.05%) containingd5 € g o f dna. mhellP& stpprwast ceverdy using
2~3ml of (immobiline PlusOne dry strip cover fluijd(GE Healthcare Bicsciences AB).
After rehydration, the IPG strip was briefly rinsed witbuble distilled wateto remove
crystallized urea.

Isoelectric focusingtepwas perforredin clean IPGPhor washed and cleanetith Strip
holder cleaning solution (GE Healthcare Eoiences AB)The EttenlPG Phor mainfold
was covered with 108 ml of Immobiline Plus® dry strip cover fluid and each
rehydrated strips werplaced in individual lanes of Ettan IPG strip holder (GE Healthcare
Bio-Sciences AB) undehe fluid using tweezers with keep thesitive endof the strip
towards the anode end of the mainfold. Hydrated filter winksathode {ve) erd were
hydrated with 150 pL of 200 mM DTplaced between the IPG strips and the ebeles.

Whereas, the anodic (&) filter wick was hydrated with 150 pL double distilledhter.
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The lid was closed and IRBhor programme was run according to the prograimatawy.

A holding step at the end was added to so that it could be left overnight.

Stepl 200 V 500 V hrs

Step2 500 V 500V hrs

Grad3 1000V 800 V hrs

Grad4 10,000V 16,500V hrs

Step5 10000 V 6,200 V hrs

Step6 200 V 24 hrs

At the end of the programme, computer was disconnected anBhBGwvas stopped. The
paper wicks were removed with tweezers and discarded. The IPG strips were placed in a

petri dish, &er rinsed deionized water, labelled and storeB8{C for later use.

2.2.12.3 SDSPAGE preparation

For second dimension gel electrophoresis PROTEAN® Il System-ED, UK) was

used. The outer glass plate size 20x20 and the inner glass plate l&he?@aghedvith

hot water and detergenhé rinsed with deionized watand cleaned with 70% ethanol,
dried, assembled with 1.5 mm spacers and clipped into the casting frame according to
Bio-Rad manufacture instructiodssembled glasses were checked foy &eakage by
pouring deionized watebetweenthe two glass platedNonleakage system, the water
tipped and th system was dried with hair dryairflow. The gel solution 12% SDS
PAGE was made with water,51M TrissHCI and 30% acrylamidehé solution wa

placed in a flask and degassed for 15 minutes at ambient temperature. The TEMED, APS
and SDS were added and mixed by stirring. The gel solution was poured in between glass

plates, avoiding any air bubbles,léwvel 1 cm below the inner glaptate. The dp of the
74



gels was covered with(water saturated isopropanol 8p%nd allowed to polymerise

overnight.
2.2.12.4Equilibration of the IPG strips

In order toperformthe second dnension gel run, IPG stripsubjecté to isoelectric
focusedproteins should be equilibrated and reducedkor each strip 20 ml of frozen
equilibration buffer thawed. In one tube of 10 ml equilibration buf mg of DTT was
added while in the other 10lmaquilibration buffer250 mg of iodo-acetamideand left to
mix gently. The sip incubatedin equilibration buffer containind% DTT for 20s min
and after that incubated with equilibration buffer that cont&i#h iodo-acetamide for
another 20 min. Bth incubation steps were carried out at room temperafine IPG

strips were rinsewith 1X electrophoresis buffemd pl&ed on the top of SDBAGE.

2.2.12.5Assembly and running of second dimensional gel

Agarose sealing solution was heated to liquefy. IPG strips were trimmed from each end
up to 0.6 cnthus giving a final length of38.8cm. A small square of paper electrode wick
(2x3 cm half thickness) was loaded with 10 ul of molecular weight marker and placed on
the top of left hand corner tiie gel. IPG strip was placed on the twd2% SDS PAGE

gel with the acidic side facing eéhglass plate hinge and sealed with agarose solution,
avoiding any air bubbleto be trapped between the strip and the top of géke
Electrophoresisank was filled with 2.5 L of gel running buffer. The gels with strips were
removed from the casting asslely and clipped onto the core unit of the protean tank.
The core unit was lifted into the tank, running buffer was added to the top of the upper

buffer chamber and air bubbles were removed with a glass rod. The lid was fitted to the
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tank and cables wereognected to the power PAC (BRad, Power Pac 1000).
Electrophoresis was carried out first at 50 volts for 30 minutes and then at 150 volts for
about 4.5 hours or until the bromophenol blue dye front had reached to the lower end. The
core unit was then reowved from the tankdisassembled and gels were removed from the
clamps. The spacers were loosened and one edge of the glass plate was lifted up with a

spatula. Gel was placed in a glass container containing gel fixing solution.

2.2.12.6Protein visualisation

For visualization of protein spgta modified silver staining protocol was extracted from
(Gromova & Celis, 2006)Gels were washed with deionized water and fixed overnight in
fixing solution. After that the gel washed with 20% methanol for 20 minutes with
changig thewash buffer three timed.he gel sensitized with 0.02% sodium thiosulfate
for 1 min and washed withetbnized water twice, each forminute. Staining was done
with 0.2% silvernitrate solution for 20 mingollowed by a careful waslwice with
deionizedwater for a maximum of 1 mireach time. The gels were developed with
sodium carbonate 6% and 0.0004 sodium thiosuftat@-5 mins until spots appear, and
reaction was spped by add 12% acetic acid with constrking forl0 mins. The gels

were stored in% acetic acid at’%C.

2.2.12.7Gel scanning and spot analysis

Gels were scanned using the scanner (Epson image scanner lllLakitiscan6.0

software. First the scanner was calibrated and set to use the transparent settings at 300 dpi

76



with the blue ilter. The scanner surface was cleaned with 70% ethanol and a little purite
water was poured on the surface. The gel was placed directly on the scanner, previewed
and air bubbles were smoothed out if any. Scan area of the gel was then selected and
scanned.Gel images were saved as mel and tif files. Scanned gel images were

characterised with Progenesis SameSpot software package (Nonlinear Dynamics Limited,

UK).
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CHAPTER 3: The role of the poly (ADP-ribose) polymerase inhibitor

PJ-34 a the expressiorof LPS receptorson THP-1 cells
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PART t: | mmunof | uad poly ADReribase poymeast | y s i s
synthesisPMA -differentiated THP-1 cellsin presence and absence of

PJ-34 in response to HO,

3.1.1 Introduction

ImmunofluorescencélF) or cell imaging techniques depend on the use of antibodies
(Abs) to label a specific antigen with a fluorescent dye (termed fluorophores or
fluorochromes), and require that cells be fixed. Cells are incubated, with antibody,
allowing accurate deteon of cognate cellular antigens. This is achieved by estimating
the relative antibody affinity. Both monoclonal (mAb) and polyclonal Abs can be used to
localise the antigen of interest. mAbs are more specific than polyclonal Abs, recognizing
a specificepitope on an antigen. However, crosactivity of mAbs may still occur
because the epitope recognised can be present on other proteins. Polyclonal Abs are
generally less specific than mAbs, since they constitute a mixture of antibodies, each
recognisig a different epitope.

The nuclear enzyme PARPconvers -nftotinamideadeninedinucleotide (NAD+) into
polymers of poly (ADP ribose) (PAR), which participate in regulated nuclear homeostasis
Schreiber et al., (2006)n the present study monoclonal aR#AR antibody clone 10H

has been used to detect the prez of PAR polymer, with confocal microscopy used to
visualize the presence of PARPactivity in the human acute monocytic cell line FHP
(Barbierato et al., 2012revious studies have indicatétht, when activated, PARPIs
involved in a cytotoxic pathway associated with tissue injury or nmftation, as
evidenced by direct protein interaction with transcription fac{dis-kB) and/or poly
(ADP-ribosyl)ation of transcription factors. PARIPis a multifunctional protein which

can regulate transcription in a variety of ways, and transcriptiooatrai of the
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inflammatory response. Primarily, PARP adds Aflli®dse units to transcription factors,
preventing them rébinding to DNA.Modulation of transcription factor binding activation

takes place via pathways for signal transduction and gene exprésHa o & OO0 Sh e ¢
2012. The purposef this chapter was to detect the activation of PARR THP-1 cells

upon oxidative stress and synthesis of poly (Af®se) polymer in response to®}.

The role of the PARP inhibitor P84 in protection against DNA damage and the efféct

PJ34 on THPR1 cells viability were assessed.

3.1.2 Method and materials

3.1.2.1Confocal microscopic analysis

Confocal microscopy was used to detect PAR polymer upon PARRI DNA damage

of THP-1 cellsTHP-1 cells weredifferentiated 5 ng/ml oPMA for 72 hours and then
cells were treated with 0, 50, 100 and 260 H,O, for 10 min and cells fixed and stained

as described in section 242. Confocal images were acquired by lassanning confocal
microscopy with an Olympumicroscope equippedith a Radiance 2000 confocal setup

(Bio-Rad), as described in secti2i25.1.
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3.1.2.2The toxicity of PJ-34 on THP-1 cells

The cytotoxicity effects of R34 on THR1 cel viability were determineds following;
THP-1 cell (5x1dcell/ml) incubationwith 5, 10, 20 and 3QM PJ34 for 48 hrs and the

viability of THP-1 cells were assessed as mentioneskation 2.2.1.4

3.1.3 Results

3.1.3.1Poly ADP-ribose synthesis in THP1 cells

Oxidative damage to DNA elicited by oxidative agents such,&s ldither at low or high
concentration, is able twause single DNA strand breaK$ese activate PARP, which

is a damageesponsive enzyme with a role in repair of sirgffanded DNA (ssDNA),
leading topoly-ADP-ribose synthesiéisher et al., 2007; Heeres & Hergenrother, 2007;
Krietsch et al., 2012PARR1 is the major PARproducing enzyme in eukgotes. In this
experiment, HO, was used to induce DNAamagedependent activation of PARPand
PAR polymer formation. Poly AD#bosylation was detected using indirect IF. FHP

cells were treated with 50, 100 and 250 uiDp Controls comprised untreateamples.

3.1.3.2Poly ADP ribose synthesis in THPL cells after treatment with
different concentrations of HO,

Fluorescent images of THP cells were obtained with a BiRad confocal microscope
(Fig. 3.1 A). Control cells, untreated with,B,, did not show any formation of PAR

polymer. However, in cells treated with 50 uM®3 (Fig. 3.1 B) a small amount of PAR
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polymer was detected, as shown by the presence of fluorescence foci in the nucleus.
Following treatment with 100 uM #D, the amount of PAR gdymer within nuclei
significantly increased (Fig. 3.1 C). However, treatment with 250 w®d,Hlid not
significantly raise PAR polymesynthesis (Fig. 3.1 D). This indicates the depletibthe
cell energy Therefore, maximal PAR polymer formation is imgd in PMA-
differentiated THPL cells after treatmentith 100 uM H,O,, so this concentration was
used in all experimentf-ig.3.2) The presence of the PAR localization is revied
distribution of chromatitbound, PARPL, PAR associated among variousction
sheared and nuclead@ested THPL cell chromatin in response ta®b. The increase in
the size of the nuclei suggest thatGdinduce cell damage which associated with
induction ofvarious cell death progranthat could be involved directly in bodiefense
reaction. The viability of PMAdifferentiated THPL cell wae examined in response to

100 MH,0O, with 4% exclusion trypan blue.
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Figure 3-1: Poly ADP-ribose formation in PMA-differentiated THP-1 cells after treatment witr
different concentrations of H,0,. THP-1 cells were differentiated with 5 ng/ml phorbol-&Bristate
13-acetate on a cover slide for 72 hrs. Incubation of cells was then carried out with and without
concentrations of H202 (50, 100 and 250 uM) for 15 miat 370C. The cells were washed \
PBS/BSA and cells were fixed with 4% (w/v) paraformaldehyde for 20 omnise,thenpermeabilise
with 0.01% Triton X100 for 10 mi Cells were washed and incubated hwiirimary monoclon
antibody mouse antiuman PAR polymer (10H), followed by secondary antibody goatnamtise 1g(
labelled FITC. Green fluorescence images were obtained using a confocal microscoiiac
Radiance 2000) and analysed with Imdgsoftware version 1.50g (National Institute of Health, U¢
PAR polymers are indicated with a white arrd®anel A Fluorescence image of untreated cdfane
B: Fluorescence image of cells treated with 50 uM gbjdPanel C Fluorescence image of cells tree
with 100 uM of HO,. Panel D:Fluorescence image of cells treated with 250 uM gdH
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Figure 3-2: The effect of H202 on poly ADPribose formation in PMA-differentiated THP-1 cells
The percentageof integrated fluorescence intensity which is projomal to the pol

ADP-ribose) synthesized upon treatment with different concentration 0k hvas
determined using the ImageJ software package (National instates of health, US
fluorescence intensity obtained from cells treated with 100 yKa,kvasset at 100%

The results represent the mean + S.D. for three independent experiments.

3.1.3.3The capacity of P334 in lowering poly ADP ribose polymer
synthesis in THR1 cell following treatmentwith 100uM of H,0,

Monocytes differentiated intmmacrophagesthey are the resident tissue phagocytes and
sentinel cells of the innate immune respongEIP-1 cells differentiated with PMA
induced changes in cell morphology and strong adhere to the esurfdicating of
differentiation. These cells showsicreasd in cytoplasmic to nuclear tia, increased
mitochondrial and lysosomahumbers Macrophages showsesistance to apoptotic

stimuli, a high phagocytiand expressed a okine profile that resembdein response to
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TLR ligands, in particular with marked TLR2 resgedgDaigneault et al., 2010)his

experiment was design to assess the capacity-8#Rd lower the level of PAR polymer
formation induced by kD, This is desirable, since PAR polymer, a product of PARP
activity, is acell dedh signal(Andrabi et al., 2006)Samples were observed using a-Bio

Rad 2000 confocal scanning laser mgrope (BieRad, IncHemel Hemstead).

As shown infigure 3.3, thecontrol cells treated with 100 uM-B, only. (Fig. 3.2 A)The
effect of 1 uM PJ34 (Panel B) in THHL cells was limited, since the cells still produced a
considerable amount of PAR polymePAR polymer, present in the nucleus, is
manifested by fluorescence foci, indicated in figure 3.2 by a white arrow for comparison
with control (cells treated with only 100 uM,8,, panel A). THP1 cells treated with 10
UM PJ34 showed a significant dexsse in PAR formation (Fig. 3,3anel D) and the
cells formed few fluorescence foci compared to control cells treated with 100,@M H
only. PAR polymer was not generated by cells treati¢hl 20 and 30 uM R34 (Fig. 3.3
panels E and F). This result derstmates that P34 is a potent inhibitor of poly ADP
ribosylation. It was observed that inhibition of poly AdiPosylation increased
proportionately with increasing noentration of PB4. Figure 3.4hows the percentage
of integrated fluorescence intetysof PAR polymer produced in response to 100 uM
H,O,, PAR polymer formation in cells was inhibiteg 25% + and 69% + when cells
were treated with 1 and 5 uM 4 prior to stimulation with 100 uM #D, Cells treated
with 10 uM PJ334 displayed decreasd?AR polymer formation, peaking at 9%. Cells
treated with 20 and 30 uM E3% exhibited an integrated fluorescence density of only 2%

and 1% respectively.
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Figure 3-3: The effect of P334 on poly ADRribose synthesis in PMAdifferentiated THP-1 cells
stimulated by H,O,. THP-1 cells were differentiated with PMA 5 ng/mirf@2 hrs. The cells were th
incubated without or with 1, 5, 10, 20, 30 uM-84 PARPinhibitor for 30 mirs prior to stimulate with 100 pl
of H,0, for 15 min at 3%C. The cells were washed with PBS/BSA aells were fixed with 4% (Wh
paraformaldehydéor 20 mirs on ice and therpermeabilised with 0.01% Triton X100 for 10 miiCells wer:
washed and incubated with primary monoclonal antibody mousdéamiin PAR polymer (10H), followed
secondary antibody goat amtiouse IgG labelled FITC. Greerufirescence intensity was obtained usil
confocal microscope (Bi®ad Radiance 2000). PAR polymers are indicated with a white aRanel A:
Fluorescence intensity of cells treated with 100 uM @O Panel B: Fluorescence intensity of cells tree
with 1 uM P334 and 100 uM of bD,. Panel C:Fluorescence intensity of cells treated with 5 uM3aJand 10
UM of H,O,. Panel D Fluorescence intensity of cells treated with 10 pM3RJnd 100 pM of KD,. Panel E
Fluorescence intensity of cells treatedha20 pM PJ34 and 100 uM of bD,. Panel F: Fluorescence intensit'
cells treated with 30 uM P34 and 100 uM of KD,.
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Figure 3-4: The effect of P334 on poly ADPRribose synthesis in PMAdifferentiated THP-1 cells stimulatec
by H,0,. The fluorescencentensity obtained from PMAlifferentiated THPL cells which is proportional to t
poly ADP-ribose synthesized upon treatment with  different concentration -84 Pi& shown, followin
stimulation with 100 uM of KO, Data were analysed using the Iredgsoftware package (National instate
health, USA). The fluorescence density for cells treated with 100 pM® Wasset at 100%. The results repre:

mean integrated fluorescence intensity (count$juv/S.D. for three independent experiments.

3.1.3.4The effect of different concentations of PJ}34 on THP-1 cell
viability

Figure 3.5shows that PB4, at concentration of 5 and 10 uM, had no effect on-IHP
cell viability at 24 and 48 hours from adding the inhibitor. In contrast, 20 and 30 yM PJ
34 significantly reduced THR cell viability (p < 0.05). 20 uM R34 reduced THA cell
viahbility by 20% and35% at 24 and 48 h from incubation of the cells with3BJ
respectively(Fig. 3.9. Furthermore, 30 uM P34 also reduced the viability, the lowest
viability peaking at 55% and 40% at 24 and 48 h from seetime respectively (p <

0.05). Therefore the concentration of 10 uM-B4 to be used as a higher concentration
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without affecting the cell viability when incubate with cells up to 48 Figure 3.6shows
cell viability of THP-1 cells treated with 10 uM P34 for 48 h the viable cellsamain

unstained, whereas the dead cells stained blue coltwr data results suggest that

120 NS NS

100

cell viability %
s & B

N
o

24

Time (hours)
M Cells @5uM PJ34 10uM PJ34 [@20uM PJ34 =30uM PI34

Figure 35: The effect of P334 on THP-1 cell viability. THP-1 cells were cultured at a density
5X10" cells/ml in RPMF1640, supplemented with 10% (v/v) FCS, af@7in a humidified atmosphe
with 5% (v/v) CQ. After 24 hrs, different concentrations of-84 (0, 5, 10, 20 and 30 pM) were ad
to the cell cultures. Control samples were left untreated. -THeIls were incubated at %7 with
different concentrations of FBY for the indicated times. The significance different P < 0.05 vs. ¢
(cells) s indicated with {) and NS no significant diference. The data presented are the mean :

three independent experiments.

3.1.4 Conclusion

In this set of experiments it has been shown that RAR¥tivated upon treatment of
THP-1 cells with H202, which caused DNAawchage and formation of ADRbose
polymers. A concentration of 100 pM H202 wased as the highest concentration
inducing DNA damagend induces maximal PAR polymer formatidrhe PJ334 PARP
inhibitor afforded a high level of protection against DNA damiageiced by H202 10

MM PJ34 was the highest concentration that blocked PARP activation upon-H202
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induced DNA damage. Treatment of the cells with 20 and 30 pM4Pdad a strong
adverse effect on THE cell viability. Therefore, 10 uM P34 was identified & the
highest concentration of R to inhibit PARPL activity in response to DNA damage

without affecting cell viability, and this amount was used in subsequent experiments
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PART II: The role of PJ-34 in the expression of LPS receptors on
differentiated THP-1 cell in response to LPS.

3.2.1 Introduction

The innate immune system utilizes protein receptors that are expressed on
monocytes/macrophages, dendritic cells and some other cell types, including epithelial
and endothelial cells. Patteremgnition receptors (PPRsinclude Toll-like receptors
(TLRs), RIGI-like receptors, NOBike receptors, and -©pe lectin receptors.
Lipopolysaccharide (LPS) is the major consditt of the outer cell wall ofrgmnegative
bacteria and is the prin@pmediator of inflammatory responses to these pathogens. LPS
is recognized by number of serum and cell surface PPRs, which cooperate to induce LPS
signaling The LPSsignalingpathway is mediated through interaction between the acute
phase protein CD14 dnLPSassociated coeceptors. CD14 isnable to transduce LPS
signalingalone, because it lacks a tranembrane domaifAntal-Szalmast al., 200].
Therefore, CD14 functions by binding to LPS and transferring it to other cell surface
receptors to triggeLPS signaling (Hazoit, et al., 1996). LPS binding protein (LBP), a
lipid transfer protein, recognizes and binds the lipid A portion of LPS and augments the
immune response to LPS. LBP is an aquhase protein that is synthesized principally in
hepatocyts, and its production is greatly increased by sttnon with interleukin (IL}1

or IL-6 (Gutsmann et al., 2001; Schroder & Schumann, 20@)nsequently, elevated

LBP serum levels have been described in severe g8pion et al., 2003)

Toll-like receptor 4 (TLR4) is assiated with CD14 in inflammatorgesponses to LPS.
TLR4, a type 1 transmembrane receptor, appears to associate with myeloid
differentiation proteir2 (MD-2) on the cell surface. MD2 and TLR4 are involved in
binding LPS, and make up the LPS receptor cempivolved in the cellular recognition

of and signalingby LPS (Miller et al., 2003. Recent studis have implicated high
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mobility group box 1 (HMGBL1), a nuclear protein with inflammatory cytokine activities,

in simulating cytokine releaséAndersson et al.,, 2002; Yang et al.,020 Yamada &
Maruyama, 2007)HMGBL1 is released during cell injury and necrosis, or is actively
secreted during immune cell activation, making it an important player in both sterile and
infection-associated inflammation. To date, eight candidate receptare been
implicated in mediating biological responses to HMGB1. These are the receptor for
advanced glycation end products (RAGE), TLR2, TLR4, TLR9, -Masyndeca#l,
phosphacan/proteityrosine phosphatase/ b , and CD24. TLRA4, a p
activation of innate immunity and cytokine release, is required for HM@&Jendent
activation of macrophage TNB r el eas e, but t h edepernelanth ani s
cytokine release is unknowfYang et al., 2002; Harris & Andersson, 2004; Yang &
Tracey, 201Q)

Monocytes express TLR2 which recognize products frgm negative and gram
positive bacterigschaaf et al., 2009)MD-2 physically associates with both TLR4 and

TLR2, but the association with TLR2 is weaker than with TLR4. Also-2&nd TLR2

and TLR4 enhance each other's expreg¢Biniarski & Gupta, 2000)The expression of

TLR2 on monocytes wpegulated in response to LESshida et al., 2005)The TLR2

mediated response to stimtibn was dependent dF-a Bsignalling, results in releasing

of proinflammatory cytokines such as TNF a n-1 {Chawdhuryet al, 2006)

Scavenger receptors (SR) are another family of receptor proteins expressed on
macrophages and recognize and bind both endogenous and exogenous molecules. SRs are
structurally unrelated receptors functionally defined by theiitgkd recognise modified
low-density lipoprotein (Mukhopadhyay and Gordon, 2004; Peiser et al., 2002).

Macrophage receptor with collagenous domain (MARCO), a-#aSR, plays a pivotal
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role in the transductiosignaling of LPS via TLRs(Peiser et al.2002 Bowdish &
Gordon, 2009)

This study investigated the expression of innate recognition receptors expressed on
differentiated and undiffentiated THPL cells, with or without stimulation with LPS.

The effect of PB4 PARP inhibitor on the expression of these receptors in response to

LPSwas additionally investigated

3.2.2 Methods

3.2.2.1 Cell differentiation

To enhance the expressioh LPS recognition receptors, THPcells were induced to
become macrophagie cells with different concentrations of PMA and Vi.[see

section 2.2.2.3).

3.2.2.2 Cell culture assay
Undifferentiated and differentiated THP cells were grown in RPMIL640 medium
containing 10 % FCS in 50 ml cell culture flasks at@7n a humidified 5 % CQ©

incubator.
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3.2.2.3Flow cytometry

Differentiated THPL cells were detached from the cell culture petri dish using accutase
and undifferentiated THR cells wee washed with PBS, primary antibodies fanti
(CD14, TLR2, TLR4 and SRMARCO) followed by incubation with secdary antibody
conjugatedrITC. Sorting was performed on a FA@S8ia cell sorter (Becton Dickinson

Biosciences), as outlined in section 2.2.3.1.

3.2.3Results

3.2.3.1 Assessment of the expression of CD14, TLR2, TLR4 and

MACRO in THP -1 cell in presence and absence of LPS

Cell lines provide an excellent and convenient tool for studying questions rétated
variety biological topicsincluding LPSrecognition and signaling in septic shock. The
THP-1 cell line is considered representative of the early stage of monocytic
differentiation(Tsuchiya et al., 1980; Qin, 2012)HP-1 cells have been used to study the
expression of the LPS recognition receptors CD14, TLR4, TLRRthe macrophage SR
MARCO (Diya Zhang et al., 2008Cytokine profiles and the role of 34 in regulating
cytokine expressionfier LPS stimulathn have also been studi@@yriochou et al., 2008;

Scalia et al., 2013; Wang et al., 2013)

The level of expression of protein receptors essential for LPS recognition was assessed in
native THR1 cells in the pesence and absence of 100ng/ml LPS, with cells exposed to

LPS for 4h hoursThe cells were analysed on a BD Aria flow cytometBedton

93



Dickinson Biosciences) and the results analysed with Flowsoftware. Antibody
isotypes (negative control) used fortelding expression of the proteins sadl are
shown in Figure 3.MUntreatedcells (Fig. 3.7A) showed thatTHP-1 cells express
moderate levels of cell surface CD14 , while TLR2, TLR4 and MARCO were expressed
at low levels. However, after LPS stimulatifor 4 h, the cells displayed a slight increase

in CD14, TLR2 and TLR expression (Fig..3 A, C andD). MARCO, by contrast,

decreased upostimulation with LPS (Fig. 3.B).
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Figure 3-6: The expression of CD14, MARCO, TLR4 and TLR2 in THP-1 cels, assessed by flo
cytometry. THP-1 cells were incubatewith or without 100 ng/ml of LPS at $C in RPMI 1640 med
supplemented with 10% (v/v) FCS for AshCells were washed and incubated with primary mousehantiat
(CD14 or MARCO or TLR4 and TLR2) monoclonal antibody for 45 snimashed again, and themcubate
with secondary antibody (goat amtiouse 1gG labelled FITC). IgG1 was used as the isotype for CD]
MARCO, while IgG2b was used as the isotype for TLR2 and TLR4. Samples were analysed using
flow cytometer (Becton Dickinson Biosciences)d Flow-Jo Vx.0.7 flow cytometry analysis software (Fk
Jo LLC, Ashland, USAwas used to analyse the data represents CD14 expressiBn represents MARC
expression.C: represents TLR2 expression abd represents TLR4 expression. Black colour histog
represent isotypes. Red colour histograms represent receptors expression on untreated cells. E

histograms represent receptor expression on-Tldéls treated with LPS 100 ng/ml.

3.2.3.2Differentiation of THP-1 cells induced byPMA and vit.D3

The actim of differentiation inducers was studied to investigate é¢ffect ofPJ}34 m

LPS receptor expression aggtokine profiles in THPL cells.In these experiments, 1
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25-dihydroxyvitamin 3 (Vit.D3) and phorbol 12myristate 13acetate (PMAwereused
to inducecell maturation.Figure 3.8shows THPL cells in culture media RPMI640
supplement with 10% FCS. In the presence ofARPNhe cells were spindiike and
stronglyadhered to surfaces in compariseith cells treated witlvit. D3 caused a change

in cdl shapeto that typical for macrophagesd the cefi were only slighthadhering.

THP-1 THP-1 + vit.D, THP-1 + PMA

Figure 3-7: Differentiation of THP -1 cells with Vit.D 3 and PMA. Phase contrast photographs.
Untreated THPL cells, (B) differentiated THR cells treated with 100 nM of vitd{for 72 hours and (¢
THP-1 cells treated with PMA 5 ng/ml for 72 hours.

Since maturation of monocytes is accompanied by changes in the levels expression of
certain celsurface markers, the effect of PMA and v.Bn the expression of CD14
MARCO, TLR2and TLR4 was examined (Fig. 3.8 and 3.1Maturation of THPL cells

was induced, with the cells exposed tdatént concentrations of PMA (&, 10, 20 and

30 ngml) and \it.Df (0, 50, 100, 150 and 20tM) for 72 hrs Cellsurface expressn of

CD14, MARCO, TLR2 and TLR4 was detected on stained céls indirect
immunofluorescenceThe cells were incubated with the correct concentration of specific
primary monoclonal mouse antiuman antibodies for CD14, MARCO, TLR2 and TLR4

for 45 min, bllowed by incubation with goat anti mouse labelled FITC3@minutes.
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The expression oprotein receptors was detected using an Aria flow cytometer/sorter
(Becton DickinsorBiosciencepwith the data analysed using Rlosoftware.
Differentiationof THP-1 cells with PMA and viDF, up-regulate the expression 6D14,
MARCO, TLR2 andTLR4; each of PMA and vit.p had a different effect on the
expression of each protein. The highest level of expression of all dteins was
detected inTHP-1 cells teated withPMA 5 ng/ml andvit. DF100 nM (Fig. 3.8 & Fig.
3.10.

Figures 3.8A, show that the expression of CD14 in PM#ferentiatedTHP-1 increased
about tenfoldWhereas, VviDf increasedhe expression of twice the amount of CD14 as
that in THR1 cels differentiated using PMA(Fig. 3.10 A). MARCO expression
increased ontold in PMA -differentiated THPL(Fig. 3.8B) while, the cells differentiated
with vit.DfF showed an approximately eigfdld increase of MARCO expressidfig.
3.10B). The expressionf TLR4 and TLR2 in PMAdifferentiated cells increased four
and thredold respectively (Fig3.8 C & D). However, the expression of TLR4 and TLR2
in cells differentiated witlvit.DF was much higher than in cells differentiated with PMA,
roughly about 6 6lds and 5fold, respectively (Fig. 3.1 & D). The FMI CD14,
MARCO, TLR4 and TLR2 expression on THPcells differentiated with PMA and
vit.DF are represented in fig.3.9 and fig. 3.8lbsequently, experiments time course
serieswasconducted fo(24, 48, 72 an®6 h of differentiation)using PMA5 ng/ml and
Vit.D3100 nM was used to detect CD14, TLR4, TLR2 and MARC@®ression in the
cells Receptor expression steadily increased over the time, peaking &, dad then
decreasedt 96 Iis of differentiation

(Fig. 3.12), the results show thaells differentiated with viDz show higher expression

of the reeptorscompared td®MA differentiated cells represented as bars (Fig. 3.12).
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Figure 3-8: The effect of different concentrations of PMA on the expression of CD14, MARC(
TLR4 and TLR2 in THP-1 cels, assessed by flow cytometryTHP-1 cells (5x16 cells/ml) wer:
incubated without or with 0, 5, 10, 20, 30 ng/ml of PMA d diG3ih RPMI 1640 media supplemen
with 10% (v/v) FCS for 72 hrs. Cells were washed and incubated with primary moudwiraat
(CD14 or TLR2 or TLR4 and MARCO) monoclonal antibody for 45 min, washed again, an
incubated with secondary antibody (goat-amtiuse IgG labelled FITC). IgBk was used as the isot
for CD14 and MARCO, while IgG 2b was used as the isotype for TLR2 and TLR4. Sample
analysed using an Aria flow cytometer (Becton Dickinson Biosciences)lamdng software versic
2.5.0 (Turku centre for biotechnology, Wersity of Turku, Finlandwas used to analyse the data
Represents the expression of CDBt Represents the expression of MARCO. Represents ti
expression of TLR4 an®: Represents the expression of TLR2. Grey histograms represent is
greenhistograms represent untreated cells (control), red histograms represent cells treated £
PMA, blue histograms represent cells treated with 10 ng/ml of PMA, brown histograms repres

treated with 20 ng/ml of PMA and purple histograms regmesells treated with 30 ng/ml of PMA.
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Figure 3.9: Bar figure representsthe effect of different concentrations of PMA on the expression
CD14, MARCO, TLR4 and TLR2 in THP-1 cells, assessed by flow cytometnA representghe
expression of CD14B: represent the expression of MARCQ, represent the expression of TLRAc
D: represent the expression of TLRRar colors represents, Gray isotype, green untreated cel
cells treated 5 ng/ml PMA, blue cells treated 10ng/ml PMA, brown bcellgtr@8t ng/ml PMA, purp

cells treated 30 ng/ml PMA/alues represent the mean = SD from three experiments.
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Figure 3-10: The effect of different concentrations of Vit. Dy on the expression of CD14, MARCC
TLR4 and TLR2 in THP-1 cells, assessed with flowytometry. THP-1 cells (5x16 cells/ml) wer
incubated without or with 0, 50, 100, 150 and 200 nM of yiaD37C in RPMI 1640 media supplemen
with 10% (v/v) FCS for 72 hrs. Cells were washed and then incubated with primary moukanaay
(CD14 or TLR2 or TLR4 and MARCO) monoclonal antibody for 45 mins, washed again, an
incubated with secondary antibody (goat antiuse IgG labelled FITC). IgG1k was used as the isotyj
CD14 and MARCO, while IgG2b was used as the isotype for TLR2 and TLRpl€a were analys
using an Aria flow cytometer (Becton Dickinson Biosciences) REogving software version 2.5.0 (Tur
centre for biotechnology, University of Turku, Finlang®s used to analyse the data. Represents ti
expression of CD14B: Represats the expression of MARC@: Represents the expression of TLR4
D: Represents the expression of TLR2. Grey histograms represent Isotypes, green histograms
untreated cells (control), red histograms represent cells treated 50 nM gf kitiBhistograms represe
cells treated with 100 nM of vit. ) brown histograms represent cells treated with 150 nM of wan{

finally purple histograms represent cells treated with 200 nM of vyit. D
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Figure 3-11: Bar figure representthe effect of different concentrations of vit.D; on the expression ¢
CD14, MARCO, TLR4 and TLR2 in THP-1 cells assessed by flow cytometryA: represent tt
expression of CD14B: represent the expression of MARCG, represent the expression of TLRAdD:
represent th expression of TLRBars represents; Gray isotype, green untreated cells, blue cells tre
nM vit.D3 red cells treated 100 nM vitgLbrown cells treated 150 nM vitgland purpel cells treated Zz
SD from t

nM vit.Ds;Data represents three differentexperimentalues represent the mean

experiments.

101




3

w
o

Geometric mean
[ L3 w
o o o

o

40
35

£ 30
@

U

‘E 20
E1s
o 10

reome

o w

~
(=]

5

= PMA
mVitD3

Isotvpe Untreate d 24
cells

Time (hours)

80
HPMA
70
mvitD3 c
60
@
E so
_U
E 40
[}
E 30
=]
@
G 20
. 10 «
| | .

Isotype Untreated 24
cells

Time (hours)

Gometric mean

uPMA B

Isotype Untreated
cells

N PMA D

BVitD3

Isotype Untreated
cells

24 48 72 96

Time (hours)

24 48 72 96

Time (hours)

Figure 3-12 The expression of CD14, MARCO, TLR4 and TLR2 in THR1 cdls in response to PM/
and vit.Ds time course. THP-1 cells were differentiated in the presence of 5 ng/ml of PMA and 1(
of vit.D3 for the indicated times. The changes in the expression of receptors were detected using
cytometry (DB, Becton Dickinson Biosciences) and data analysed with flowing software V2rsit
(Turku centre for biotechnology, University of kur Finland). Results are plotted as the geometric
of two independent experiments. Maximum expression of the receptors was achitevi& hrs
Differentiate of THR1 cells with vit.3 results in greater expression of the receptors than
differeniated with PMA. A: Represents the expression of CDBt. Represents the expression

MARCO. C: Represents the expression of TLRt. Represents the expression of T2RBlue colou

represents cells that treated with PMA and red colour represents cettedbad withvit.D5
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3.2.3.3The effect of P334 on the expression of CD14, TLRZTLR4 and
MACRO in PD/THP -1 cellsin response to LPS

To study the role of P34 in membrane expression of CD14, MARCO, TlL&w TLR2

in PD/ THP-1 cells, 25x16cellsiml were incubated with or witut 10 pM of P334 for

30 mins and then stimulated wittPS 100 ng/ml for 4 is. The cells were stained by
indirect fluorescent staining using mouse dmtman monoclonal antibodidsr CD14,
MARCO, TLR4 and TLRZ2proteins aftera 45mins incubationperiod. The cells were
thenincubated with FITC goat aathouse IgG for 30 minutes. Cells stained with IgG1k
and IgG2b were used as isotype (negative) contra. Sdmples were analysed using a
FACS Aria cell sorter Becton DickinsonBiosciences) and the data analysed byJéo
software.

Figure 3.11 represents the expression of CD14, MARCDOLR4 and TLR2 in PMA
differentiated THP1 cells treated with owithout 10uM PJ34 for 30 mins prior to
incubatewith LPS 100 ng/mlfor 4 hrs Filled histograms (grey colour) represent the
isotype control (negative controlpolumn A, and norfilled histograms represent the
expression of the recepto(Big. 3.11 column B) The expression of CD14, TLR4 and
TLR2 on PMA-differentiated THPL cellsincreased when the cells were incubated with
LPS alonewhile the expression of MARCO decreagédy. 3.11 column C)Cells treated
with PJ34, prior to stimulate with LPSexhibited a decrease in the exgm®n of the
CD14, TLR4 and TLRZreceptors (Fig. 3.1Xolumn D. Whereasthe expression of
MARCO increasedn cells treated with PB4 prior to stimulate with LPSFig.3.11D).

Figure 3.12 represents MFI of CD14, MARCO, TLR2, and TLR4 on PD/IH#RIls in

response to of LPS 100 mgin presence andbsence of R34 1QuM.
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Figure 3-13: The effect of P334 on CD14, MARCO, TLR4 and TLR2 epression in PD/THP-1 cells ir
response to LPSTHP-1 cells were differentiated with 5 ng/ml for 72 h, cells were incubated without ¢
10 uM of PJ334 for 30 m pior to stimulation with LPS 100 ng/ml in RPMI 1640 media supplementec
10% (v/v) FCS in a humidified atmosphere at 370C for 4 hrs. Cells were washed and incubated witl
mouse anthuman (CD14 or TLR2 or TLR4 and MARCO) monoclonal antibody formds, washed agai
and then incubated with secondary antibody (goatrantise IgG labelled FITC). IgG1K was used as
isotype for CD14 and MARCO, while IgG2b was used as the isotype for TLR2 and TLR4. Sampl
analysed using an Aria flow cytomet@Becton Dickinson Biosciences) arflowing Software v. 2.5
(Centre of biotechnology, Turku University, Finlandps used to analyse the da@olumn A: Isotype
(Negative control)Column B: Untreated cellsColumn C: Cells treated with LPSColumn D: Cels treate:
with P334 and then stimulated with LPS. Filled histograms represent isotypes and unfilled his
represent expression of receptors.
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Figure 3-14: Bar figure representshe effect of PJ-34 on CD14, MARCO, TLR2 and TLRA4
expression in PD/THP-1 cells in response to LPSar figure represents Bars colors represen
Black isotype, blue untreated cells, red cells treated with LPS 100 ng/ml and green cells treatet
34 10uM . Data represents three different experime¥ues represent ¢hmean £ SD from thn

experiments.
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3.2.4Conclusion

Native THR-1 cells express a moderate level of CD14 and low levels of MARCO, TLR4
and TLR2. The expression level of CD14, TLA4 and TLldRghtly increased when THP

1 cells were stimulated withPS 100 ng/ml. Wherea®JARCO expression decreased in
LPStreatedcells.

In this study two differenstimuli, PMA andvit.Ds; were used to differentiate THPcells.

PMA has greater differentiation effect as reflected by increased adherence and induce a
higher level of proinflammatory cytokines in response to.LP8s wa mnsistent with
previous studiesvhich identified thalifferentiation in PMA and viD3 stimulatedTHP-1
cells(Daigneault et al., 2010THP-1 cells differentiateavith PMA and vitD3; shows Up
regulation in the expression @D14, MARCO, TLR4 and TLR2nd released greater
level of proirflammatory cytokines than nedifferentiated cells.Although vit.D;
differentiated cells lows higher receptors expression, KXMas usedas its level of
cytokines release was greatercells, aghis studyinvestigatethe role PARRenzymein

the regulatio of LPS receptorand production of prinflammatory cytokinesThe
expression ofCD14, TLR4 and TLRZeceptors increased PMA-differentiated cells,

when the cells were stimulatedttviLPS only. In contrast, celtseated with PB4, prior

to LPSstimulation, showed a decrease in the expression of the receptors. Contrariwise,
MARCO expression decreased in THRdIs treated only with LPS, andcreased when

the cells wee treated with R34 prior toexposurdo LPS
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CHAPTER 4: Measurementof production of cytokines and nitric oxide
by THP-1 cells
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4.1 Introduction
Innate immunity is controlled by cytokines, which are produced predominantly by

monocytes, racrophages and dendritic celildth some released by other cell types such

as T cells, NK cells, endothelial and epithelial cells. Proinflammatory cytokines such as
tumour necrosis factor alpha (TNF) and interHdykiar el elsesteant
modulation of immunity and the inflammatory response. TNFi s a nonateyp | e i n
cytokine made mainly by mononuclear phagocytes, NK cells, activated lymphocytes and
activated vascular endothelial cells. The mode of action of-ONFi s i ncumbent i
shock after its release by macrophages activated by lipopolysaccharideafid® S)her

bacterial products. TNE al so medi at es acute inflamma
inflammatory mediators such as-1Land Il-6 (Suharti et al., 2003; Lin & Tang, 2007;

Rossol et al., 2011)

LPS, a component of the outer membrane of gnagative bacteria, is one of the most

potent innate activating stimulinkwn. The inflammatory mechanism of LPS involves

the secretion of nitric oxide (NO) in various tissue as well as by monocytes and
macrophageéTitheradge, 1999; Bultinck et al., 2008)O is a small molecule with roles

in many physiological and pathological responses, including circulation, blood pressure,
platelet function, host defea and neurotransmission in the central nervous system and
peripheral nerve@Moncada et al., 1991; Bogdan et al., 2000)

NO is produced at different levels by different types of cells, such as neurons, endothelial
cells, platelets, andeutrophils, in response to inflammation. Its production controls many
important functions of PMNSs, including chemotaxis, adhesion, aggregation, apoptosis,

and PMNmediated bacterial killingSethi & Dikshit, 2000) NO is produced through the

action of nitric oxide synthases (NOSs), a group of enzymes that generate NO from the
amino acid karginine. NCss convert arginine into citrulline, with NO produced during

the process. Oxygen and NADPH are necessaffaators. Three isoforms of NOS have
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been identified, based on their activity: neuronal NOS (nNOS or NOS1), inducible NOS
(INOS or NOS2) and endothiah NOS (eNOS or NOS3). The general mechanism of NO

production is as follows.

. ‘ nitric oxide
\ | NOS1/nNOS | /

NADPHl::> NOS2 /iNOS ]=>NADP

INOS is expressed in many cell types, including macrophages, neutrophils, dendritic cells,

0,

endothelial cells and epithelial cells. NOSland NOS3 are less ubiquitous, buisthere
evidence to indicate they are critical for a normal physiol@@ggdan et al., 2000;

OO6 Nei | IINOSE&Witolved in the immune response, the production of NO by iINOS
lasts much longer than from other isoforms of NOS. iINOS produces high concentrations
of NO in the cell, this is because INOS capability to bind tightly to calmodulin, even at
very low cellular concentrations of calcium.

NO production plays a crucial role in host defence against intracellular pathogens.
However, whether N@ependent control of intralb@lar organisms primarily implicates
cell-intrinsic or alternatively celextrinsic activity of NO is still not clear. For instance,

NO production by infected phagocytes might enable these cells to individually control
their pathogen burden. Alternativelhe ability of NO to diffuse across cell membranes
may be critical for infection control (Olekhnovitch et al., 2014).

Studies conducted b 6 Ne i | | , 2011;, reded that thérpduaction of 2 0 1 3

proinflammatory cytokines in response to LPS is regulated by the nuclear transcription
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factorNF-a BRel complex. When immunthe cells treated or exposed to LRE-o Hs
activated and translocated into the nucleus from the cytoplasm. $hltsrim expression

of several critical transcriptional genes related to septic shock pathogenesis, such as TNF
a, i nt er | eukbi n(-biNaBhesionmbleculds@AMel rand Eselectin) and

INOS (Chandel et al., 2000; Bultinck et al., 2006; Jang et al., 2006; Rossol et al., 2011)
PARR1 is also involved in the regulation of inflammatory processes associateNfwith

8 B(Chaitanya et al., 2010; Ohanna et al., 2011; Scalia et al., 2013)

The main objective of this part of the study was to determine the effect of LPS, and the
involvement of PARP activity, on TNB, -1bb 4nd NOproduction. Whether or not
PARP activity is required for the induction Nf-a Bactivation in THP1 or in the PMA

differentiated THPL celks (PD/THR1) was also examined.

4.2 Method

4.2.1 ELISA

The level of TNFU a ndb | dr o dundifferentiatd fHP-1 cells and THRL cells
differentiated by treatment witRMA 5 ng/ml andvit.D; 100 nM of for72 hrs, was
measured by ELISA assay. Cells, at density x&l/ ml, were stimulated with an
increasing concentration d&. Coli EH100 (Ra mutant) LPS (1®0, 100 and 1000
ng/ml) or 100 ng/ml of LPS in the presence and absence of 10 8 Bd1ug/ml of
antibodies (atCD14, an#TLR4, anttTLR2, anttMARCO, antiNF-a Bor anttJNK-1)
for 30 mirs. Control samples were left untreated. Samples were incubate8Catr3a
humidified tissue culture incubator with 5% (v/iv) €@r 4 hrs. The samplesvere

centrifugedat hourlyintervalsat 1200 rpm(32 xg)for 5 mirs. and the supernatants were
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transferred to clean Eppendorf tubes and storeBI0&E. 100 pl of each sample was used

to measure the TNB ,nd -1 b | (@©ee 8.2.51).

4.2.2 Western blotting

Undifferentiated THPL cells and PD/THR were cultured in 400 mm culture plate and
were treated with or without 10 uM of B4. After 30 mirs prior to stimulation with LPS
(1pg/ml) for 15, 30, 60 and 120 nsincells were lysed with a Nuclear Extract Kit (Active
Mot i f, UK) , and t he mdowadfiogpepare the cytdEasnpcroot o ¢ 0
the whole cell lysate. Protein concentration in each sample was quantified with Bradford
assay and plate was read with a plate reader (Versa max). The cell lysate was kept at
80°C until the analysis was carried out. Qgbate from cytoplasmic extract, 15 pg, and
whole cell lysate were loaded on a 12% SDS agajeAfter electrophoresis, protein was
transferred to a polyvinylidene fluoride membrane (Immobihan Merck Millipore,

Merck KGaA, and Darmstadt Germany). Meraoranes were blocked with 5% wi/v
skimmed milk in PBS for 1 hThe membrane containing the cytoplasmic extract was
probed withrabbit antthumanNF-a B-65 (clone poly6226, Biolegend , UK) at a dilution

of 1:1000 plin 5% skimmed milk inwestern wash buffer (tPBSXPBS contair2.42 g

Tris base, 8g NaCl and was diluted to 1 L with distillestev, adjusted to pH 7.6, with

0.5 ml Tweer20 then addd. The membrane containing whalell lysate was incubated

with rabbit antthuman JNK1 (clone poly6331, biogend, UK), and incubated for2hrs

on a rocker. The membranes were then washed three times with wash buffer;s10 min
each washchangingthe wa$ buffer. Themembranes were subsequently incubated with
secondary antibodyRDye® 700CW Donkey antiabbit IgG, or IRDye® 800CW goat

antrmouse 1gG (LiCor Bioescieces, Lincoln, NE, U.S)Aat a diluton of 1:10000 The
111



primary mAb, mouse anti u ma-Tiubulih (clone 10D8, Blegend, UK), was used as a
control at a dilution of 1:1000. Membranes waeanned and analysed with aQar

scanner infrared imaging system using Odyssdtware (LiCor Biosciene).

4.2 .3Nitric oxide measurement

NO produced by the ulifferentiated THPL cells andPD/THR1was evaluated by
measuring nitrite/nitrate (N accumulation in culture supernatants using the Griess
reaction. Cells were seeded at 2.53Is/ml in RMI-1640 medium supplemented with
10% (v/v) FCS in a 94vell plate. The plate was treated with 10 uM ofF&Jfor 30 mirs,
subsequently stimulated with 100 ng/ml LPS, and then incubated in a tissue culture
incubator at 37T in a humidified atmosphere of 584/v) CO,. Following incubation,
supernatants were collected by centrifuging the cells at 1200 rpm forsSeweny hour

and were stored aB(°C. Finally, 50 ul of ach sample was used to measnitgite

concentration adescribed irsection (2.2.6.1).

4.3 Results

4.3.1 Secrdbn of TNF-U a n-d b luhdifferentiated and
differentiated THP-1 cells in response to LPS

To investigate the inflammatory response of the human monocytic cell linelTatiel
PMA, vit.D3 differentiated THPL cellsto LPS, cells, at density of 1x3@els/ml, were
stimulated with increasing concentrations (0,1 ,10, 100, 1000 ng/al)cufli EH100 (Ra

mutant) LPS for 4 h and TNB anld Illelvel s in culture sup
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usingELISA. Figure 4.1 and 4,Zhowsthat native THPL cells and viD3; and PD/THP

ldifferentiated cellssecreted mordNF-U t h 4 ifin réshonse to LPS for the same

incubation period.

As shown in figure 4.1, undifferentiatedells were found to respd weakly to LPS
stimulation, producing approximatelyds pg/ml of TNFU, eas eTHPL cells
differentiated with vit.Dz and PMA significantly produced highetevel of TNF-U

production in response to RS. The production of TNRJ  VitrD3 differentiated cells

reached peakf 273 pg/ml, whilethe level in PD/THR-1 peaked at @Dpg/ml (Fig. 4.1)

In additionthe productin of TNFU by different types of cells increasestlwincreasing

LPS concentration and theaximum level producén cells treated with 100 ng/ml LPS

for 4 h (Fig. 4.1) Also the production amount ofL-1 b  wgign#ficantly higher in
differentiated cells than undifferentiated cells.AB/THR1 the level of Ik1 b pr oduced
was higher thawit.D; differentiated cell&ind reabed level of 182.12 pg/ml ar@B.12

pg./ml respectively while, undifferentiated cells proed only 21.87 pgml at 4 hrs

incubation and obtained in cells incubated with LPS 100 n(#igl 4.2)
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Undeferentiated Vit. D, PMA

Figure 4-1: TheTNF-U secreti on by un @jahdP&A differeritisied EHP-1¢
cells in response to LPSUntreated THPL cells,THP-1 cells differentiated with vit.100 nMfor 72
hrs THP-1 cellsdifferentiated with PMA 5 ng/ml for 72r§ (1x1C cell/ml) were stimulated wit the
indicated concentratio®( 1, 10, 100 and 1000 ng/ml) BfcoliLPS for4ms. TNFU concen't

the celifree culture supernatant was determined by ELISA. Values represent the mean + SD froi

experiments.

114



B3R Ong (LPS/ml i
1501624 1ng | )
160dE&3 10ng
— (00 100 ng
= 14012 1000 ng

Undifferentiated Vit. D, PMA

Figure 4-2: The IL-1 BJ secretion by undifferentiated cells, vitD; and PMA differentiated
THP-1 cells in response to LPSUntreated THPL cells, THP-1 cells differentiated with vit.p10C
nM for 72 hrs THP-1 cells differentiated with PMA 5 ng/ml for 72r§ (1x10° cell/ml) were
stimulated wih the indicated concentratiof,(1, 10, 100 and 1000 ng/ml) Bfcoli LPS for 4 hrs
IL-1 fconcentration in the ceftee culture supernatant was determined by ELISA. Values rep
the mean + SD from thresxperiments.
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4.3.2 The effect of PB4on TNFU an-d bl pr oduc t-iLand
PD/THP-1 cells after LPS exposure.

In response to deferestimuli PARR1 n enzyme in eukaryotic cells activated as a re
for DNA damage and result in release of transcription factors specific for stimulan
cause DNA damage and release transcription factors gene of many cytokines

TNF-U, -1I1bL ananyg others. In this set of experiments the effect of a potent F
inhibitor (P334) was investigated regarding activation of PARP upon DNA dama
response to LPS. This effect was measured over tioubation with LPS 100 ng/m

base to the literatusethe highest concentration of TNF rase lafeer 4 hrs exposure

LPS.

Figure 4.3 andFig 4.4 show the level of TNRJ p r o d u ¢ € dellstagd PD/AHR
cells, were treated with or without 10 uM-Bd for 30 mins prior to stimulation wit
100 ng/ml LFS. TNFU r el eased by both cell l i n
increase with increasing incubation time. F#Fcells produced very litte TNB ,
roughly 5pg/ml compared to cells differentiated with PMA, which produced abo!
pg/ml TNFU  ( F 4).gTreatrdent of PD/THR cells with P8B4 had no significan
effectreached peak of ~18.49 pg/ml. In contrast, in PD/H#ells TNFU pr od

lowered by 33% and reached peak 400 pg/ml 4F3g& Hg. 4.4)
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Figure 4-3: The effect of P334on TNFU secr et i on by u-haklsfnfesponselt
E. coli LPS. Undifferentiated THPL cells (1x16cell/ml) were stimulated with LPS 100 ng/ml
presence and absanof 10uM of PJ34 for 30 minfor the indiated ties .Supernatant was collectec
TNF-U analysed by ELI SA at Datalwere analysdd staticadycby tivo \
analysis variance (ANOVA). (NS) nesignificant difference,.§ Significant difference of cell treat
with LPS V corrol, whereas (#) significant difference p<0.05 cells treated witB4Pdnd LPS V cel

treated with LPSValues represent the mean = SD from three experiments.
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Figure 4-4: The effect of P334 on TNFU s e ¢ r e MA-differerttiated THP-1 cells in reponse tc
E. coli LPS. PMA-differentiated THPL cells (1x16 cell/ml) were stimulated with LPS 100 ng/ml
presence and abssnof 10uM of PJ34 for 30 minfor the indicated times, Supernatant was collecte
TNFFU analysed by ELI SADawmtwerd dnaysed statically by wval way ana
variance (ANOVA). (NS) nossignificant difference,§ Significant difference of cell treated with LP¢
control, whereas (#) significant difference p<0.05 cells treated witBdPand LPS V cells treadewith

LPS.Values represent the imue + SD from three experiments.

Figures 4.5 & fig. 4.6, showthe cells treatedwith 10 uM PJ34 reduced the amount of
IL-1 b produced Kegentiatdd and P/THR cellsim cespdnse tod0 ng/ml
LPS. Figures 4.5 and 4.6 show that 10 VB4 had no effect on the amountllo-1 b
produced byboth typesof cdls after LPS exposure, compared to +iceated cells.
Productionoflck1 b i ncreased significantly over
to 100 ng/ml LPS in both types of cellsropared to noitreated cells.The highest
amountofll-1 b p r o dTiHe-kcells &ftgr 4 s of LPS stimulationvasabout21.97

pag/ml (Fig. 4.5). Whereas th®D/THR1 cells produced amount of Hl breachedthe

peaked 0f.l81.93 pg/ml (Fig. 4.6).
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Figure 4-5: The effect of P334onliIL-1 b secr et i on by uwrdlsirfrésponse tict coli
LPS. Undifferentiated THPL cells (1x16 cell/ml) were stimulated with 100 ng/ml of LPS in presence
absence of 10uM of PJ34 for 30 minutes foritidicated times, supernatant was collected fet1b a n
by ELISA at the times intervals showmata were analysed statically by two way analysis var
(ANOVA). (NS) nonsignificant difference, -§ Significant difference of cell treated with LPS aéntrol
whereas (#) significant difference p<0.05 cells treated witB4dnd LPS V cells treated with LP®alues

represent the mean + SD from three experiments

While, cells treated with 3¢M of PJ34 30 mins prior to LPS stimulatiorshows a

significant reductionn the amount of 11 b p r qEk@G0S5)e Production of H1 b
native THP-1 cells was reduced by 33%, reachi&49 pg/ml (Fig. 4.5). PD/THR cells

produced only 127.85 pg/ml L f{Fig. 4.6).
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Figure 4-6: The effect of P334onIL-1 b s e c r et idifferentlated TPIR4Acells in response ti
E. coli LPS. PMA-differentiated THPL cells (1x16 cell/ml) were stimulated with 100 ng/ml LPS
presence and absanof 10uM of PJ34 for 30 minfor the indicated times, supernatant was collecte
IL-1b anal ysi s tme interkab §héwn.Bata werd analysed statically by two way ana
variance (ANOVA). (NS) norsignificant difference,.J Significant difference of cell treated with LPS
control, whereas (#) significant difference p<0.05 cells treated witB4Pahd LPS V celldreated witl

LPS.Values represent the mean + SD from three experiments.

4.3.3 The role of CD%4, TLR2, TLR4 and MARCO in the production of
TNF-U a n-d by RD/THP-1 cells in response to LPS

Differentiated THPL cells with PMA produced higher level pfoinflammatory cytokine
TNF-U and bil kesponse LPS compared with undifferentiated andDuyit.
differentiated THPL cells (Fig. 4.1 and 4.2)This experiment was carried out to
investigate the role of RS receptors and the effectR334 on the production of TNB
PD/THR1 cells.Monocytes and macrophages express CD14]ikell(TLRs) (Chavez

Sanchez et al., 20) and MARCO(Gordon & Taylor, 2005pn the cell surface. CD14
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has been proposed as the first host pattern recognition receptor involved in the recognition
of most bacterial componentdriantafilou & Triantafilou, 2002)and facilitates the
expression of inflammatory molecules via activation of the T(IRs/y et al., 2009)

Based on the inhibitory effect of antibodies to CD14, TRL2, TLR4 and MARCO on TNF

U antb lphroducti on phagesnwensapposd tieastheseanmlecales are
all important in the signal chain induce by LPSwas found that levels of TNB
secreted by PD/THR cells increased over the times in response to LPS (100 ng/ml)
and reached peak of ~ 611 pg/ml after 4IPS stimulation compared to untreated cells
(Fig 4.7 & 4.8). Cells incubated with aftuman CD1&6ic) , TLR4AHTA 125) and

TLR2 (TLR2.1) antibodies for 30 mins prior to stimulate with LPS, however, showed a

reduced TNFU production irm47esponse to LPS (Fi

Incubation of cells with amMCD14 antibody minimized TNE secr et i on, al t
slightly increased over the course of incubation, reaching ~180 pg/ml at 4 hrs of LPS
stimulation  (Fig. 4.7).While, more TNB was secreted a&aPSter ir
stimulated cells with anfTLR4 and TLR2 antibodies During the incubation period,-anti

TLR2 contributed to a greater level of TNF pr o d u c t iTloRd; whereaTiNFUa n t i

levels reached ~ 440 and ~380 pg/ml respectively (Fig. 4.7).
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Figure 47: The TNF-U s e cr et i-differeriated PHRA cell in response td&. coli LPS.
THP-1 cells differentiated with PMA 5 ng/ml for 72 hrs were incubated with 10pghamtian CD1<
TLR4 and TLR2 monoclonal antibody for 30 mins prior to stimulatigth LPS 100 ng/ml for 4 hr
Supernatants of samples were collected hourly by centrifugation. The cell culture superna
transferred to a clean Eppendorf tube and kep8MC. The TNFU | ev e | in cul
determined by ELISAData vere analysed statically by two way analysis variance (ANOVA). (NS)
significant difference,.§ Significant difference of cell treated with LPS V control, whereas (#) signi
difference p<0.05 cells treated with-B4 and LPS V cells treated with BPValues represent the mea

SD from three experiments.

Figure 4.8 shas that treatment of LRStimulated PD/THFL cells with anthuman
MARCO antibody(PLK1) and P34 significantly (p<0.05) rasted the TNFU | ev el s
over theincubation periodwhich reached- 460 and ~ 400 pg/ml, respectively. TNF

level, in response to LE, steadily increased over timanttMARCO antibody hadittle

effect. Incontrast, cells treated with}34 showed steady reduction of TNF o thee r

incubationperiod (Fig. 4.8).
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Figure 4-8: The TNF-U s ecr et i-difierertiated PHRA cell in response to E. coli LPS.

THP-1 cells differentiated with PMA 5 ng/ml for 72 hrs were incubated with 10pghamian MARCC
monoclonal antibody and 10 uM 84 for 30 mins prior to stimulan with LPS 100 ng/ml for 4 hi
Supernatants of samples were collected hourly by centrifugation. The cell culture superna
transferred to a clean Eppendorf tube and kept8fC. TNFU | ev el in cult
determined by ELISAData wee analysed statically by two way analysis variance (ANOVA). (NS}
significant difference,.J Significant difference of cell treated with LPS V control, whereas (#) signi
difference p<0.05 cells treated with-B4 and LPS V cells treated with LP@alues represent the mea

SD from three experiments.

The role ofLPS receptors and the effectl#34 on the productioof IL-1 b PRDAHP

1 cels, following LPS treatment was analyseg ELISA (Fig. 4.9 and 4.10). LRS
stimulated THPL cells producedL-1 b 0 Vv e mpeaking at€l8l1 pg/ml at 4rs

stimulation with LPS (Fig. 4.9). In contrast, untreated dgistrol) produed very little

IL-1 b . |l ncubat i orunmaf CDd% TLR4 andvTiLR2Hor 30mdiprior to

stimuation with LPS causéo reduction in the amountofiL b r el eased (p<O0.
reduction was slightly increased over the incubation period. Thegteaduction of IL

1 bwas observed during the first bf incubation in THPL cells treated with anttD14
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(Fig. 4.9. Thell-21 b | ev el c oreaching +92.1 pg/micaftef dehistimulation

with LPS. Cellstreated with antTLR4 and antTLR2 artibodiesreleased considerably

higher levels of Ik1 b f o pericd @fnmeubation with LPS compared to cells treated

with anttCD14 antibody. At 4 hours stimulation with LPS, cells treated with HoiR4

produced ~110 pg/ml HL b .ells @cubated with @arTLR2 the level of Ik1 b s ecr et eo

peaked at ~159.5 pg/ml (Fig. 4.9).
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Figure 4-9: Secretion of IL -1b by PMA -differentiated THP-1 cells in response to E. coli LPS.

THP-1 cellsdifferentiated with PMA 5 ng/ml for 72 hours were incubated with 10uglamntiar
CD14, TLR4, and TLR2 monoclonal antibody for 30 mins prior to stimulation with LP:
ng/ml for 4hrs. Supernatants of samples were collected hourly by centrifugation. The cell
supernatant was transferred to a clean Eppendorf tube and k&@ The IL1 b | €
culture supernatants was determined by ELISA. Data were analysed staigatiyo way
analysis variance (ANOVA). (NS) nesignificant difference,-J Significant difference of ce
treated with LPS V control, whereas (#) significant difference p<0.05toedited with PB4 ant
LPS V cells treated with LPS. Values represenintiean + SD from three experiments
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When the cells were inculeat with aniMARCO antibody and R34 a significant
reduction of k1 b was observed, i n responselbto LP:
reached was ~#72 pg/ml and ~140.3 pg/ml, respectively, after-MARCO and PB4
treatment. AnEiMARCO antibody invoked little protectioaffect, in respect of limiting
IL-1b production in respo-GBle TURG and PLB2, and o mp ar
effect of this antibdy declined over the time. R increased the deiction of IL-1 b

secretion oveincubation time.

2009/ control %
o *
Anti-SR (MARCO) Ab's+LPS
o 1504 PJ-34+LPS =% 4
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= 100- \ \
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Figure 4-10: Secretion of IL-1 b b y -diffekéAtiated THP-1 cells in response t&.coli LPS.

PMA-differentiated THPL1 cells, treated with 5 ng/ml for 724) were incubated with 10ant-humat
SR (MARCO) monoclonal antibodgnd 10 pM P<B4 for 30 mirs prior to stimulte with 100 ng/rr
LPS for 4 hs. Supernants of samples were collectddurly by centrifugation. The cell culture
supernatant was transferred to a clean Eppendorf tube and k&G The IL1 b | ev e |
supernatant was determined by ELISPata were analysed statically by two way analysis var
(ANOVA). (NS) nonsignificant difference, -§ Significant difference of cell treated with LPS
control, whereas (#) significant difference p<0.05 cells treated wiBdRhd LPS V cells treated th

LPS.Values represent the mean + SD from three experiments.
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4.3.4 The effect of P8B4 and activation ofNF-a Band JNK on TNF-U
andIL-1 b s e c r RDITHRyIncellb after LPS stimulation

NF-e B has | onsidered & prototypical proinflammatory signaling pathway,
largely based on the activation of NFB by pr oi nf | a mmaNFdr yanayt o k
IL-1 bCD14 recognize andind to LPS then bind to TLRs aridrm LPS/CD14/TLRs
complex. This complexrigger LPSsignalinginto cytoplasm and activate transcription
factors such ablF-o B (Uematsu & Akira, 2008) and MAPK signalling pathwafGuha

& Mackman, 2001Kim & Kim, 2014). Activation of NF-e Bby LPS signaling required
TLRs such TLR2,4, result in activation of IkB and fidE-a B translocate into nucleus
and cause DNA damage and subsequeativation of PARR1, and release
transcriptionfactor geneof many poinflammatory cytokinege.g. TNFU a n-ti b )l .L
Activation of c-Jun N-terminal kinase (JNK) member of MAPK family, mediate
downstreansignallingevents leading to the activation of APand NFaB, which results

in induction of a range of inflammatory cytokinguha & Mackman, 20QKim & Kim,
2014) Therefore, inhibition of the activation of MAPKs, Akt, NB and AR1 may have
potential therapeutic applicatiofBark et al., 2011) In this study induce inhibitionof

the NF-a Branscription factoand JNK signalpathways in the production of TNB a n d
IL-1 b, and t k3 inadivategthespatliwayB ih response to LPED/THR1
cells were stimulated with LPS (100 ng/ml) for 4 hours in presence and absenggyof 10
of antr humanNF-a B a n t(polp @226y and anthumanJNK antibody(poly 6331),

or 10 pM of PJ&4. The levels of TN  allnib wer e det er mined with
TNF-U level in LPSstimulated PD/TH-1 cells increased over thHacubation period
compared d untreated cellgFig. 4.11).Whereas, theells treated with antiumanJNK
anttNF-a B R84 prior to LPS stimulation displayed a reduction in the amofint

TNF-U r el e a the mcubatiorgime. PD/THR1 cells treated with antNF-a2 B
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showeda pronoumced reduction in the level of TNE i sponsedo LPS (85%) and
roughlyreaching 91.2 pg/ml at 4 hours of stimulation. AmIK antibody had less effect

and the cells displayed high levelsof TMF compar ed to cedNFsBincub
antibodyor the cells incubated with F4. The level of TNFU r eached ~590. 3
hours of stimulation, but the amount produced by the cedtad with PB4 reached

peak ~ 411.7 pg/ml &he same time (Fig.4.11).

800 (] Control

B 1LPS

LPS + INK Ab's % 4
6002 anti-NF-kB Ab's + LPS
B PJ-34+LPS B

TNF- o (pg/ml)
) 4
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S S
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-

o
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Figure4-11: The TNFU p r o d hy ®MA-differentiated THP-1 cells in response té. coli LPS.

THP-1 cells differentiatedvith PMA 5 ng/ml for 72 Ins, were incubated with 10ug afftiumanNF-a B
antrJNK monoclonal atibody or 10 uM P34 for 30 mins prior to stiodation with LPS 100 ng/ml for
hrs. Supernatants aglamples were collected houthy centrifugation. The cell culture supernatant
transferred to a clean Eppendorf tube and kept8tfC. TNFU | ev e | in cult
determined by ELISAData were analysed statically by two way analysis variance (ANOVA). (NS
significant difference,.j Significant difference of cell treated with LPS V control, whereas (#) signi
difference p<0.05 cells treated with-B4 and LPS V cells treated thiLPS.Values represent the mea

SD from three experiments.
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The level of Ik1 b pr o d u cTERIL cdlly/in rBspdnse to LPiAcreased over the

period of LPS ircubation compared to untreat@mbntrd) cells (Fig. 4.12) After 4 ts

LPS stimulation, the leveof IL-1 b reachedL-1-bl1 9 le vpegstismlated L P S
cells peakd at ~143 pg/ml and 119l after treatment with antiINK and antNF-a B
antibodies, respeestely (Fig .4.13, thus showingsignificant reduction in the amount of

IL-1b produced. -1bT sterl by RBd-Behtedadlls watl113 pg/mi(Fig.
4.12).Thelevel of IL-1 breleasedy PD/THR1 might relate to availability oNF-a Band
subsequently release more-1lb t ranscri ption factolb.gene

Differentiated cells show in increase in cell size and amountes M i n t he cytop

@l LPS
LPS +JINK Ab's+LPS

(0 LPS+ NF-kB Ab's+LPS %
B8 PJ-34+LPS % &

250 (] Control
200

g/ml)
—
N
S

100 -

IL-1B (p

*###
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1 2 3 4
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Figure 4-12: The productionof IL-1 b b y -diffekéAtiated THP-1 cells in response t&. coli LPS.

THP-1 cells differentiateavith PMA 5 ng/ml for 72 Ins, were incubated with 10ug attumanNF-a B anti-
JNK monoclonal antibody or 10 uM B3 for 30 mirs prior to stimulation with 10@g/ml LPS fa 4 hrs
Sample supernatantgere collected hourly by centrifugation. The cell culture supernatant was transfe
a clean Eppendorf tube and kept8°C. IL-1b | evel s in culture supe.
Data were analysestatically by two way analysis variance (ANOVA). (NS) rgignificant difference,§
Significant difference of cell treated with LPS V control, whereas (#) significant difference p<0.(

treated with PB4 and LPS V cells treated with LPSalues repesent the mean + SD from th

experiments.
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4.3.5 Role 6PJ-34 in NF-a Band JNK activation in response to LPS

The effect ofP334 on NFe B and J N K (phasptionylatiandini T&HR-1 and
PD/THR1 cells in response to LPS (100 ng/ml) vessessed by Western blotti(fgigs
4.13 and 4.14)NF-o Bwas detectedby loadingl5 pg of cytoplasmic cell lyea while
JNK was detected iwhole cell lysate. Proteins were separated by-BBSE and then
blotted on a PDVF membrane, which wasobed with either primary polyclonal rabbit
antthumanNF-a Bantibody or polyclonafabbit antthuman JNK antibody anthen the
membrane were incubated wiirimary mouse andh u ma 4tubulld (control). For
detection of NF-a Band JNK, membranes were incubated with secondary antibody
IRDye® 700 CWPE donkey antiabbit antibody (Red)While, U-tubulin detected with
IRDye® 800 CW FITC goat antnouse antibodyGreen) Then the membrane was
scanned oa LI-COR scanner using odyssey software.

Figure 4.13 sbws the activatiorof NF-a Bn THP-landPD/THR1 cells in responst®
LPS in the presee and absence of-84.NF-a Bactivationwas detected by the presence
of the bands at a molecular weight of 70akDifferences of band intensityorrelate
roughly with the amount of expressionF-a BCells treatedvith PJ34 only, showed
no significant difference in the level diF-a Bexpressed in the cell cytoplasm. However
cells treated with LPS showed reduction in the expression of cytd$la Bindicating

an increase imNF-a Bactivationand itstranslocation intdhe nucleus. In contrast, cell
treated with PJ34 for 30 namprior to stimulaibn with LPS showedhcreased expression
of NF-a Bindicating itsreduced activation and limitacanslocation intahe nucleus (Fig.
4.13[A & C]). The Utubulin was used asontrols to equalize the amouot proteins
were loaded on the gelsNF-a Bexpression was plotted (Fig. 4.13 B & D) after

normalized the band intensity of thé-a Bvi t h i t -fulsulini nt er nal U
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Figure 4.14 shows the expression afun Nterminal kinas€JNK-1) in THP-1 cellsand
PD/ITHP-1 cells.Increase in JNK activation detected tdgcreasedn band intensity in
response to LPS. Treatment of cells with PJ34 prior to their stimulation with LPS did not
affect INK expression in response to LPBhe expression of JNkas plotted (Fig. 44

B and D) aftenormalizing the band intensity withn t e 4#tubuéin. U
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Figure 4-13: The effect of P334 on the activation ofNF-a Bin response to LPSTHP-1 cells, o
THP-1 cells differentiated with 5ng ml PMA for 72 hrs, were left untreated or treated with 1(
PJ34 for 30 mins prior to stimulation witle. coli LPS (100 ng/ml) for the indicated tim
Cytoplasmic extractfrom the cells were separated by SBAGE and then Western blotted v
primary monoclonal antibody mouse ahtiu ma-ubulld (TU10D8) as a loading control ¢
polyclonal rabbitantrthuman NFe B p65 anti body (Poly6226)

incubated withsecondary antibody IRDye® 800CW goat amtiuse IgG or IRDye® 700C
donkey antirabbit. Finally the membrane was scanned using@QR infrared image scanner us
odyssey softwardA & C] represents Western blot expression ofdNB  a-tulduin th THP-1
cells and PMAdifferentiated THPL cells [B & D] shows the level oF-a Bexpressed by the ¢
samples after normalized to it is releva
The percentage of was then calculated fohesample usingmage Studio Lite software (LCOR
Biosciences). Data were analysed statically by two way analysis variance (ANOVA). (N
significant difference, .j Significant difference of cell treated with LPS V control, wherea
significant diference p<0.05 cells treated with-88 and LPS V cells treated with LPS. Val

represent the mean + SD from three experiments.

131



A NS
Control LPS PI-34+ LPS
S R R 10

0.4
0.3

), e - - e (11111 s

© o
o

© o ©
[T - NN

Normalized band intensity

C 25

Control PS PJ-34+LPS f ’ b
Cell P34 15" 300 60" 1200 15 300 60" 120 ;1-5

540 Nl 2

550 ¢-Tubuln ~ 2°°

Figure4-14: The effect of P334 on the activation of INK1 in response to LPS.

THP-1 cells or THP1 cells differentiatedvith 5ng ml PMA for 72 ts were left untreated or trea
with 10uM of P334 for 30 mirs prior to stimulation withE. coli LPS (100 ng/ml) for the indicat
times. Cytoplasmic extracts from the cells were separated byPR®E and Western blotted w
primary monoclonal antibody mouse atiu ma 4tubulld (TU10D8) as a loading contr anc
polyclonal antibody rabb@ntiFhumanphosphorylatedNK-1 antibody(Poly6331). The membrane v
then incubated wittsecondary antibody IRDye® 800CW geattimouse IgG or RDye® 700CV
donkey antirabbit. Finally the membrane was scannedCOR infrared image scanner using ody:
software. [A & C] represents Western blot expression of JINK a atubulirJin THR1 cells an
PMA-differentiated THPL cells.[B & D] representshe levels of INKL expressed by the cell samy
after normalized to it is relevant Ut ubTht
percentage was calculated for each sample usmege Studio Lite software (LCOR Biosciences
Data were aalysed statically by two way analysis variance (ANOVA). (NS)-smmificant difference
() Significant difference of cell treated with LPS V contfbhe immunoblot image is a represente

of three experiments.
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4.3.6 The effect of PJ34 on production of nitric oxide in response to

LPS.

NO formationwas investigated by measuringrite (NO2), one of two primary, stable
and nonvolatile breakdown products of NO. The Griesayawas used to measure NO2
This technique redis on a diazotization reacti¢@riess, 1879).

To ensure accurate nitrite quantitation, a reference cuageplotted, constructed using a
nitrite standard solution. To assess N@duction inuntreatedand PD/THR-1 cells (1x
10°) were stimulated with 100 ng/ml &PSin the present and atrsce of 10 uM of R34
for 6 hrs.A highest level of NO waproduced by THHR cells in response to LR& 6 hrs

In both native THPL and DP/THPL cells, NO concentratiortesadily increased over the
time of incubation with LPS (Fid.15 A & B). PD/THRL1 cellsproduced a much higher
conentration of NO than dichative THR1 cells. Untreated cells (control) did not
produce NO. Incontrast, cells incubated withO M PJ34 for 30 mirs prior to LPS
stimulation displayedsignificant reduction in NO production in both cdles High
levels of NO produced by activated maunages in response to LP®present a major
cytotoxic principle of these cell{Connelly et al.,, 2003) In addition, higher
concentrations of NO can directly interfere with the DNA damage of target aalis
excessive NO production by iNOS plays a crucial role in septicks(Kitasato et al.,

2007)
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Figure 4-15: The effect of PARP inhbitor PJ-34 on NO production in THP-1 cells in response to LPS.
The concentration of nitrite was calculated using a nitrite standard.cirugntreated celland B: PMA-
differentiated THPL cells (x1(/ml) were stimulated with 100ng/ml of LPS in the mmese and absence
10uM PJ334 for the times indicated.he supernatant was collectedurly by centrifugation of the cell cultt
and the supmatant wakept at-80°C until used Data were analysed statically by two way analysis var
(ANOVA). (+) Significant difference of untreated cells V cells treated with LPS, whereas (#) sigr
difference p<0.05 cells treated with-Bd and LPS V cells treated with LPS

4.4 Conclusion

Differentiated macrophages are the resident tissue phagocytes and patrol cells of the
innate immune regmse. PMA and vit.p are stimuli commonly used to induce
macrophage differentiation in THPcell line. The phenotype of the THPcell line after
differentiation utilising Vit.3 and PMA compared undifferentiated THPcells, both

stimuli induced changem cell morphology indicative of differentiatiorctivation of

vit.D3 or PMA differentiatedTHP-1 cellswas induced by treating these celish LPS for

4 hrs which resulted in production of high level of TNF a n-H Byl tHe cells While,
undifferentiated THPL cells produced less amount of TF an-i b | tompar ed
differentiated THPL cells.The level of TNFU p r o oy urdiffedentiated and vit.$or

PMA differentiated THPL cellswas much higher than {L Bfor the same incubation

The level TNF-Uand ILLk1 b pr oduc e d-1 vag muer highed Ehamit.Ds
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differentiated cells, therefore vit;Ddifferentiated cells were not investigated all
experimentThe production of TNFJ an®db liLn bot h wundiff-@renti e
cellswith 100 ng/ml LPSwere increased significantly over the incubation time. Whereas,
incubation of cells withl0O uM PJ34 prior to stimulate with LPS$howsa significant
decreasén TNF-U a nHdb | patiomid both groups of celldlonocytegmacrophages
expresdifferent LPS receptors serveal variety roletoward effecting TNFU an-db | L
production in response toPIS in undifferentiateédind PD/THPL cells. In this study a
significant reduction of TNFU alndb I pr oduct i o ncelwiacsibatedwstte r v e d
antrCD14, antdTLR4 and antTLR2 antibodies prior td_.PS stimulationin compare

with that stimulated with LPS alon€his finding is consistent with previous study which

has shown thatD14 is LPS receptor, which it lacks a cytoplasmic domain and does not
participate directly in LPS signallifi@angloff et al., 2005)TLRs have recently been

shown to be important components of the CILP& signaling. TLR2 and TLR4 have

been shown to contribute to the LPS respd@$wwdhury et al., 2006CD14LPSTLRs
complexinduceLPS signalingwhich results inNF-a Bactivationand translocain into

the nucleus. Activated NB B nd DNA and subsequently activate PARRand then

release transcription factors gene of FTNF a n-d b Alsa our results show that
incubation PD/THPL cells with aniTLR2 and antTLR4 impaired NFKB activation

which is required for LPS signaling. MARCI® another receptor which is needed for
LPSinduced inflammatory responses in macrophgyeset al., 2012)MARCO bind to

LPS and its association with TLR4 increase macrophages response tintétsted

cells with antrMARCO had less effeabn TNFU an-iib | pbr oducti on beca
NF-a B a c t-LP$8 signalliogns not impaired by ldking MARCO receptqrthis was

thought to be dand LPSsignalingactivatel NF-a Brvia other LPS receptor$he effects

of all antibodies declinedver the time of incubation. In contrast, the cells that treated
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with P334 showed increasl reduction of TNARJ o f-1 baftér LPS treatment.
Activation of NFa B b y signds®elease of NO production whicbontributesto
immune system controlling bacterial infectiddver production of NO it's harmful and
might cause cell dysfunctior significant reduction oNO productionwas observedh
undifferentiated andPD/THR-1 cells in response to LP&nd itseffect intensifiedwith
increasing incubation time

The role of LPS in activation diF-s BandJNK signalling pathwapf TNF-U ndIL-1 b
productionwere examined.Incubation of undifferentiated arRD/THPR-1 cells wit antk

NF-a Bantibody, prior toexposureto LPS significantly reducedTNF-U an-d b | L
production, whileantrJNK-1 antibody was lessffective thanantirNF-a B redacing
production of these cytokine$he effectiveness of the antibodies slightly reduced over
the time of incubation. In contrast, cells treated witFB®3howedncreased TNRJ a n d
IL-1 b cretien in response to LPS over time incubation period. Tressdts eveal that
activationof NF-a Bs more essential for TNE andb Ipr oducti on in re:¢
than the JNKL pathway The Western blot results show that3Jhad a significant role

in prolongingNF-a B a c t in respdnse ¢orLPS, but it had very little effect on INK

activatian in response to LPS.
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CHAPTER 5: The role of CD14 and MARCOreceptors inresponse to
LPS
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5.1Introduction

The Mammaliarinnateimmune system relies on nhumbers of receptooteculesknown

as m@mthogen recognition receptor®RPs) whichhave ability to recognizespecific
molecules expressed by the invaded microorganism known as padsspeated
molecules patterns (PAMPSs) and directly activate array of -amtirobial immune
responses via induction of various proinflammatasgtokines, chemokines. These
immune responseaso playa vital rolefor initiate long termadaptive immunity through

B, T lymphocytes cells. flese receptors in addition to @D the main receptor for
invaded microbial molecules include toll like receptammily (TLRs) (Uematsu & Akira,
2008; Kumar et al., 2011)

Septicshock, and inflammatoryesponse syndrome remain one of the main reason causes
of deathin intensive care unit§pr example in united states there is more than 750,000
patients admitted to intensive care unit annually and resulting in 215,000(éegilrs et

al., 2001). Lipopolysaccharide (LPS) the major cpoment of outer membrane ofagn
negative bacteria, iplay a critical role ininducing sepsis during inféaoh with gram
negative bacteria. When it reach blood stream will recognised and bind to LPS receptors
expresse@n monocytes and macrophages alghtly less orother type of cells mainly
CD14 (Schaaf et aJ.2009 Thorgersen et al., 201,3yD14is upregulated by exposure to
LPS in oth invivo and invitro (Landmann et al., 1996; Thorgersen et al., 2018
mechanism by which LPS induce septic shock relies on its ability to bind td @bd
initiate a signal transduction pathwayne CD14 it lacks a transmembrademain;
therefore it is incapabl® trigger a signal downstream into the cytoplasm. It believed that
LPS bind CD14 signal cascade initiaia TLR4 and resulting in activadn of NF-a B,

subsequently release transcriptional factor gene of many proinflammatory cytokines
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(Schaaf et al., 2009).PS internalization by CD14 is dependent on the physical state in
which LPS presented to the c@flitchens & Munford, 1998)

MARCO is expressed by monocytes/maghages and dendritic cells and certain
endothelial cells.lt is well known thatSRs involvedin lipid metabolism and bind
modified lowdensity lipoproteinsand hey play a vital role in uptake and clearance of
modified host matcules and apoptotic celldn addition they recognisdind and
internalising products of gram positive bacteria such as lipoteichoic acid
lipopolysaccharide product dbramnegatve bacteria and initiate an immune response
which result in secretion oproinflammatory cytokines sue as TNFU an-d, | L
implicated in pathogenesis of sepsiad alter the expression and morphology of the cells
(ElI Khoury et al., 1996; Peiser et,&002 Canton et al., 2013ptudiesshow ina murine
model of pneumococcal pneumoniaARCO’ ‘mice displayed an impaired ability to
clear bacteria from the lungs, increased pulmonary inflammation and cytokine release,
and diminished survival. In vitro binding 8treptococcupneumonia&nd in vivo uptake

of unopsonized particles by MARCOAMs were dramatically impaired, indicating an
important role of MARCO in mounting an efficient and appropriately regulated innate
immune response against pathog@rsedouani et al., 2006; Goh et al., 2010; Uza et al.,
2011)

In this chapter PMAdifferentiated THP1 cells was used to investigate the relation
between CD14 and SR MARCO and possible role of PARP inhibitéB4Pih the
membranous and gerexpressionof these receptorand LPS ugake by MARCOin

response to LPS
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5.2 Methods

5.2.1Flow cytometry

The level expression of CD4 and SR MARCO were assessed on Pdifferentiated
THP-1 cell in presence and absence of 10 pMBRJn response to LPS. Briefly, 25x10
cellstreatedwith or without PJ34 for 30 minutes prior to stimulate with LRH8 6 hours.
Cells were prepared for flow cytometry agses described in section 2.22&nd samples
were read with flow cytometry Accuri 6 and the results were analysed withjdlow

software.

5.2.2Colocalisation

5.2.2.1immunofluorescence staining

Un-differentiated THPL cells or THPL cells differentiated in the Lafiek chamber
slides (Num) with PMA (5ng/ml) for 72 hrs and monolayeells were incubated witlor
without PARP inhbitor P334 10 uM for 30 mis prior tostimulatewith 100 ng/ml LPS
(Sigma Aldrich, UK for 2 hours. Untreated cells (control cells)t lef grow in culture
media only. Cells weremmunofluorescently stained as previously described in section

2.2.4.3.

5.2.2.2Confocal microscopy

Cells which stained with immunofluoresteprobes were imaged at single cell level for

colocalisatim studies as described in sectib8.5.2.

140



5.2.2.3Colocalisation analysisand visuatisation

Comprehensive technique for colocalisation analysis and visualisation of data results

already mentinedin section 2.2.5.3 & 2.2.5.4.

5.2.Realtime PCR (qRT-PCR)

Differentiated THP1 cells with 5 ng/ml PMA for 72 houssere cultured on glass culture
plate until confluent (101C° cells/platd, treated with 100 ng/ml of LPS in presence and
absence ol0uM PJ334 for 15 mins, 30 mins, hr, 2 hrs, 3 hrs and 4 hrAfterward the

RNA was extracted with TRI reagent see section 2.2.8.2 and cDNA for sample conditions
were prepared as described in section 2.2.8.3. PCR primer pa@®1er, MARCOand
cyclophilin were designedvith pearl primer software tepan introrexon splice sites to
avoid amplification & any genomic DNA. To amplify each gene of CD14 and SR
MARCO, cyclophillin was used as houkeeping geneThe (RT-PCR reaction (20 pl

per sample was ppared as followingMaster mix SYBRgreen 10 pl,sterile double
distilled water7.4 pl, 1.6 pl from mixed primers of forward and reversach at
concentration of5 uM), cDNA 1 ul were aliquot in 96 welPCRwell platein triplicate
andgRT-PCRplate sead with an gRTPCR film seal and the plate spun briefly to insure
that the liquid placed in the bottom of the wells and then the plate was placed on the gRT
PCR machine (CFX 96, BiRad) The results were analysed with CFX manager software.
Following gene squences was designed with pearl primer softwarckthree step$CR
condition wasused, first step idenaturing at 9% for 2 minutes thesecond stepvolve

39 cycles each cycle started at 95 for 0.10 seconds and ®for 0.10 seconds and T2
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for 0.10 seconds and then 95 for 0.10 seconds and finally melting temperature f@m 65
to 95°C from 0.050.5 seconds plus plate read

CD14 (F): SAAAGAAGCTAAAGCACTTCCAG3!
CD14(R)!CAGCGGAAATCTTCATCGTCS

SR (MARCO) (F): 5ATTCTGATGCCATTGTCTTCTG3'

SR (MARCO) R):3'ACACTGAACATTATCCAGCCY

Cyclophillin (F): 5TGGCACAGGAGGAAAGAGCATC3

Cyclophillin (R):3' AAAGGGCTTCTCCACATCGATS'

5.2.4Immunoprecipitation

The interaction between CD14 and SR MARCO in response to LPS and the effect of PJ
34 on this interactiomvere assessed with immunoprecipitation as&mefly, THP-1 and
PMA-differentiated THPL cells, at density of 7x £0per cultureplate were treated with

100 nginl of LPS for 4 Ins in present and absence B pM PJ34. Cells then lysate and
equal amount foeach sample were load on 12% SDS page gel and separated in
electrophoresis apparatudrotein interactiorwas detected with infrared LICOR image

scannewsing odyssey software see section 2.2.10.1.
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5.3Results
5.3.1The effect of P334 on the expressn of CD14 and SR (MARCO) in

response to LPS

A figure [5.1&5.2] represent®MA-differentiated THPL cells stimulated with LPS in
present and absence of PARP inhibitor3BJ Expression ofCD14 was increaseth
response to LP®ver time incubation irthe cells that stimulated with.PS alone.
Whereas, the cells thatated with PB4 for 30 mirs prior to stimulate with LPS shows
decrease in the level expression of CD14 fig. 5.1. However the situation was completely
different with cells thaincubated wit antthuman MARCOantibody, fig. 5.2 shows
decrease in the expression of MARQ®@ceptor on the cells that stimulated with LPS
alone overthe time incubabn. In other hand the cells thaeated with PB4 prior to

stimulate with LPS shows increase in tbaeel.
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Figure 5-1 () & (ll): Represents the expression of CD14 on PMAlifferentiated THP-1 cells in
response to LPS in presence and absence of-B4d. THP-1 cells were differentiated with PMA 5 ngi
for 72 hrs. Cells were incubated without or with 10 uM of38Jfor 30 mirs prior to stimulation with LP
100 ng/ml in RPMI 1640 media supplementeithvt0% (v/v) FCS in humidified atmosphere afG7or €
hrs. Cells were washed and incubated with primary mouséhaman CD14 monoclonal antibody for
mins. Following washing cells incubated with secondary antibody (Goatanise 1gG labelled FITGpr
30 mins and washed. IgG1K was used as the isotype for CD14. Samples were analysed using Ac
cytometer (DB Biosciences) arndlow-Jo Software v.10 (Centre of biotechnology, Turku Univer
Finland) was used to analyse the dafa.Dot plot Coumn, B: Isotype (negative controkl;: Untreate:
cells D, E, F, G, Handl represents cells treated with-84 and then stimulated with LPS for 1, 2, 3,
and 6 hours respectively. Filled histograms represents isotypes, blacks histograms repre
expression on cells stimulated with 100ng/ml LPS and dotted histograms representCD14 expr
cells treated with 10 uM P34 prior to simulate with 100ng/ml LPS.
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Figure 5.2(1) & (II): Represents the expression of SR (MARCO) on PMAdifferentiated THP-1 cells
in response to LPS in presence and absence of-B4. THP-1 cells were differentiated with PMA
ng/ml) for 72 hrs, and then cells were incubated without or with 10 puM &4Pfdr 30 mirs prior tc
stimulation with LPS 100 ng/ml in RPMI 1640 dia supplemented with 10% (v/v) FCS in humidi
atmosphere at 3 for 6 hrs. Cells were washed and incubated with primary mouskuamin MARC(
monoclonal antibody for 45 min. Following washing cells incubated with secondary antibody (G¢
mouse §G labelled FITC) for 30 mins and washed. IgG1K was used as the isotype for MARCO. ¢
were analysed using Accuri6 flow cytometer (DB Biosciences)Faod-Jo Software v.10 (Centre
biotechnology, Turku University, Finlan#yas used to analyse thetalaA: Dot plot Column,B: Isotype
(negative control)C: Untreated cellsD, E, F, G, Hand| represents cells treated with-B4 and the
stimulated with LPS for 1, 2, 3, 4, 5 and 6 hours respectively. Filled histograms represents
blacks histogams represents MARCO expression on cells stimulated with LPS 100ng/ml anc
histograms represents MARCO expression on cells treated with 10 p34 Pdor to simulate wi
100ng/ml LPS.

145



5.3.2Confocal microscopy

Immunofluorescently stained cells wamneaged atsinglecell level andsurface receptors
were visualisedndividually with different wavelengthappearingas green and regsts

in the image (Figuré.3). Confocal microscopic imagesf cells showsCD14 and SR
MARCO receptordabelled with antibodies appeared as masses of spherical blurred spots
distributed all over theddl surface. EachCD14 and SR (MARCOjeceptorgair under
study, antibodylabelled surface receptors were imaged separately at different
wavelengths, resulting as diffractiiimited isotropic spots ofdentical size in each
channel. As the resolution is poorer in axial (z) direction than laterally (xy), the 3D
receptorsappear as cigashaped(Fig. 5.3. For CD14 and SR (MARCO) receptors
colocalisationstudy, CD14was labelled withrabbit antthuman antibodyAlexa Flour
cy555seen as red spots and SR

(MARCO) was labelled with Alexa 488 and seergasen spots, while yellow/orang spots
indicates coexpressed ofCD14 and SR (MARCO) on THR. The negative control
samples were stained with mouse IgG isotype and secondary antibodies and no signals
above backgund fluorescence are observéthe cell nucleus stained with DAPI (blue

colour)figure 54.
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Figure 5-3: A representative of single cell image acquired biikon confocal microscope.

Monocytic leukaemia cell stained for SR (MARCO) (green) and CD14 (red). Colocalised receptor
yellow. A: represent8D view of single plane of THR cell in the xy, yz and xz direction. The cut!
planes are indicated ke grey horizontal and vertical lineB: represents single channel staining of
(MARCO) green and CD14 red and col ocalisled r
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Figure 5-4. Confocal microscopy images of unstained cells and negative control samples
undifferentiated and PMA-differentiated THP-1 cells. Cell only images, epresents cells stained w
green 488nm and red 555nm wavelength lasers to quantity the cell auto fluorescence. Isotyf
images, represents cells stained with Isotype control IgG primary and Alexa Flour 488 and Alexa F
secondary antibodieBlue colour shows DAPI stained cell nucleus stained with DAPI (blue cc

whereas DIC is differential interference contrast image of corresponding cell. Scale bar 5um.
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5.3.2.1Colocalisationanalysisof CD14 and SR (MARCO)

Monocytic leukaemia cell line THE cell were used in this study investigate whether
CD14 and SR (MARCOeceptors colocalisinm response to LR&ndalso toassesshe

role of PARPIinhibitor P334 in this colocalisatiosince the both receptors express by the
cell line. Undifferentiated and PMAlifferentiated THPL cellswere immunostaied with
suitable primaryantibody folloned by a secondary antibody. CD#vas labelled vih

Alexa Fluor®(red) and SR (MARCO) was labelled wittlexa Fluor® (green)Merging

the greenandthered channelsonsideredhe colocalisatiorf two receptors. To analyse

the colocalisatiorof CD14/SRa novel method mentioned in Jabeen et al (2018) an
Obara et al (20)3was followed Figure 5-5 3D imagesrepresentshe colocalisationof
CD14/SRthe 3D on cell surface olundifferentiated and PMAlifferentiated THPL cells

in response to LPS in presence or absence of PARP inhibi®4, Mhich were aguired

in stack, with zdi recti on step S i zdaemelt.Thigt methad usi n
ofcolocalisatiomanalysiscalculatethe total numbeiof CD14 andSR receptors per cell and

the number of colocalized CD14/SR receptor pairs per Bell and green receptors
colocalized on the surface of individual cells using a threshold ranging between 0.059

0.21 um.
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Figure 5-5: Localisation of CD14 and SR (MARCO) on the cell surface ofundifferentiated and
PMA -differentiated THP-1 cells, determined by confocal microscopy analysi&reen and redhdicate
pairings as follows: SR (MARCO) green and CD{r#d).Yellow/orange fluorescence reveals
potentiad colocalisations of CD14/SR. 3D images weaujured in stacks, with -dlirection step size 0..

e m. Splanegskcton of-stack is shown in three directions as xy, yz and zx. The cutting plane:
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Figure 56 shows the colocalisation percentage ofD14 and SR receptors on
undifferentiated and PMAlifferentiated THPL cells. The average peentage CD14/SR
(Average of CD14/SR counted on each cadtdpcalisationn undifferentiated cells (cell
only) was 16.99% + 4.23%, whereas PM#erentiated cells (cell onlyWvas25.31% +
5.32%. Both undifferentiated and PMAfferentiated THPL cells teated withPARP
inhibitor P}34 alone shows no effect on tpercentage of CD14/SR colocai®n. Both
cell line shows a significant increase in CD14/88ocalisatiom response to LPS
indicated with(*) p< 0.05and reached peak 82.73%z+ 2.418 and 367%+ 3.647% in
Undifferentiated and PMaAlifferentiated THPL cells respectively. The cells that
incubated with PB4 for 30 min prior to stimulate with LPShows a significant reduction
in the number of CD14/SR receptors colocalized in response tondrR@ted with #p<
0.05and reached level of 14.39 #2.34 for undifferentiated cells and level of 17.43%

7.18% for PMAdifferentiated cells.
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Figure 5-6: The effect of P334 onthe localisationpercentage of CD14 and SR (MARCO) recepto
by undifferentiated and PMA-differentiated THP-1 cells in response to LPSComparison ¢

fractions of CD14SR receptorsolocalistion, between undifferentiated THP cells
(Blue bars) and PMAlifferentiated THPL cells (Red bars) stimulate with LPS
presence or absence of-B4. Cell only (untreated) or cells treated with3Jused ¢
(control). Each datpoint represents mean = SD of three independent experiment
were statistically analysed using two ways ANOVA. (NS)-sanificant difference,«§
p<0.05 represents the significant difference of cells treated with LPS V cells
Whereas (#) p<0.0%epresents the significant difference of cells treate@4AIPS \

cells treated with LPS only. Values represent three different experiments.
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5.3.3Interaction of CD14 and SR (MARCO)in response to LPS

To assess whether a physiqabteinprotein associationoccurs entirely between the
human CD14 and SR (MARO) receptors on both undifferentiated &d/THP-1 cells

in response to LPS andetermine the rolef PARP inhibitor PB4 in this protein
association.A co-immunoprecipitation technique was dge carry out thisinvestigate.
Cell lysatewas extracted fromundifferentiatedand PD/THP-1 cells cultivatedin the
RPMI 1694 supplement withO% of FCS left untreated (control) or stimulated with LPS
in presence or absence of-Bdl The lysatefrom undifferentiatedandPD/THP1 cells
wereincubated with antCD14 afterward incubatewith protein A/Gloaded on a gednd
blotted on PDVF membrand-inally the membranéncubatedeither with aniCD14
antibody for immunoprecipitation of CD1dr anttSR (MARCQ antibody for ce
immunoprecipitation between CD14 and SR (MARCO)

CD14first pulled down by immunoprecipitation umdifferentiated an@®D/THP-1 celk
(Fig. 5.7 A & 58 A). The proteininteraction of CD14 and SR (MARCO)were
demongsrated by cemmunopreciftation (Fig5.7 B & 58 B) revealed that CD14
interactedvith SR (MARCO) in bothundifferentiatedand PD/ THP-1 cell. In generathe
interactionbetweenCD14 and SR (MARCO) is less amdifferentiatedTHP-1 cells in
comparison with cellsdifferentiated wih PMA. Furthermore, this interaction even
increased on both cell lines in response to WP&h can be detected with increasing in
band intensity The cells that treated with P34 prior to stimulate with LPS shows
decrease in the band intensiBandsof CD14 and SR (MARCO) areorrespondindor
the antibody coupled to the magnetic beads, wbseerved in all the samplds addition
no bands werebserved with proteits beads alone, which were loaded as the negative

control(Lane 2)
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Figure 5- 7: Immunoprecipitation of CD14 and ceimmunoprecipitation to study the interaction of
CD14 and SR (MARCO) in undifferentiated THP-1 cells.Cell lysates from undifferentiated THE
cells was separated by 12% SPBGE. Blots were probed with mouse amtiman CD14 and mou
antthuman SR (MARCO) antibodie§A) Immunoprecipitation was subjected to pull do@®14 fromn
the cells lysate(B) Co-IP was applied to study the interaction of CD14/SR (MARCO). Lane 1: repr
molecular mass in kDa, lane 2: G beads only with no cell lysate (negative control), lane 3: cell a
4: cell treated R34, lane 5: céd treated LPS and lane 6: cells incubated witt8#Jor 30 min and tt
stimulated with LPS. Data represent three different experiments.

PMA -differentiated THP-1 cells

70kDa A Btesr
SSKkDa
40 KDa

70 KkDa CO-IPof SR
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Figure 5-8: Immunoprecipitation (IP) of CD14 and coimmunoprecipitation (Co-IP) to study the
interaction of CD14 and R (MARCO) in PMA -differentiated THP-1 cells.Cell lysates fromPMA-
differentiated THPL cells was separated by 12% SPAGE. Blots were probed with mouse antimatr
CD14 and mouse anfiuman SR (MARCO) antibodie$A) Immunoprecipitation was subjected tall,
down CD14 from the cells lysatéB) Co-IP was applied to study the interaction of CD14/SR (MAR
Lane 1: represents molecular mass in kDa, lane 2: G beads only with no cell lysate (negative cor
3: cell only, lane 4: cell treated 84, lane 5: cells treated LPS and lane 6: cells incubated wiBdHa1

30 min and the stimulated with LPS. Data represent three different experiments
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5.3.4The effect of PJ340n mRNA CD14 andmRNA SR (MARCO)

expression in response LPS

The purpose of this experiment was to investigate the effect of PARP inhibi8 613

the on the expression of CD14 and BMRCO) at gendevelin cells treated with LPS.
THP-1 cells differentiated with PMA was stimulated with 100 ng/ml of LPS in presence
and absence of % for (15 mirs, 30 mirs, 1 hr, 2 hrs, 3 hrs and 4 HrsSRNA was
extracted and cDNA prepared as mentioned previously. Quantitive real time PCR was
conducted sesection 5.2.3. Figurg9 representells stimulated with LB which show a
significant increase in thdevel expression ofCD14 mRNA in compare with control
(untreated cellsand this expressiorincreasedvith time incubationand indicated with

(*) p<0.05 and the highest level of mMRNA CD14 was reached at 4 hrs incubation with
LPS. Whereasthe cells that treated with PARP inhibitor B4 prior to stimulate with

LPS showssignificant decrease in théevel expressionand it is continued witlime

incubation indicated with(#) p<0.05
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Figure 5-9: Expression of CD14 mRNAin PMA -differentiated THP-1 in response to LPS i
presence and absencef PJ-34using RT-qPCR. RT-qgPCR wagerformed on the cDNA obtained fr«
PMA-differentiated THPL cells using Master mix SYBR green 10 ul, PCR reacti@ Cyclophillin was
used as the housekeeping gene to normalise the target genes (CD14) and the exphessiorere ust
to construct bar figure. Sample designed as following; untreated cells and cells treated-3vtiol
negative control used as a control, cells treated with LPS in presence and abseri®é 30 Rins prior t
stimulate with LPS. Two waANOVA analysisperformed to calculate the significance difference
represents norignificant difference(x) p<0.05 represents the significant difaces of mMRNA CD1
expression bycells treated with LPS only V control. Wheref$) p<0.05 representthe significan
differences of mMRNA CD14 expression by the cells treated witB4Pdnd stimulated with LPS V ce
treated with LPS only.

Thecells showa significantdecrease in the level expressionSét (MARCO) mRNA in
response td_PS andthis decreasing continuethe time incubationndicated with (*)
p<0.05 and the lowest level of MRNA MARCO expressiaras detected at 4 hrs
incubation with LPSWhile, the cells treated with PARP inhibitor-84 prior to stimulate
by LPS showssignificant increase in theelel expression of SR (MARCO) mRNA
indicated with (#) p<0.0and ths continuous with increasinghe time incubation (Fig:-5

10).
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Figure 5-10: Expressionof MARCO mRNA in PMA -differentiated THP-1 in response to LPS i
presence and absence ¢¥J-34using RT-gPCR. RT-gPCR wagerformed on the cDNA obtained fr
PMA-differentiated THP1 cellsusing Master mix SYBR green 10 pl, PCR reacti@yclophillinwas use
as the housekeeping gene to normalise the target genes (CD14) and the expressionevalused

construct bar figure. Sample designed as following; untreated cells and cells treated3vitbrimkgativ
control used as a control, cells treated with LPS in presence and absen@&t&Pdins prior to stimula
with LPS. Two wayANOVA performed to calculate the significance difference, Two -ABNOVA
performed to calculate the significance difference, NS representsigmificant difference(:) p<0.0t
represents the significant differences of SR (MARCO) mRNA expression by thereallsdt with LP
only V control. Whereag#) p<0.05 represents the significant differences of SR (MARCO) m

expression by cells treated with-B4 and stimulated with LPS V cells treated with LPS only.

5.3.5The effect of P334 on LPS uptake

Since scavenger receptors are expressed by monocytes/macrophages cells and play a vital
role in immuneregulation in response to LPBuman alveolar macrophages ( AMxpress

scarenger MARCO which play a vital role imlefense against inhaled particles and pathqgeas

inhibited by anti human MARCO antibody (PLKIJhis experiment was designed to

investigate the role of SRMARCO) in uptake of LPSlabelled FITC(100ng/ml)in

presere and absence of il0of PJ34 for (15, 30, 60, and 120. The LPS uptake was

157



observedby fluorescat microscop (Nikon widefield). Figure (5.1)lthe uptakeof LPS
wasdetected with a fluorescence tagund to LPS(Arredouani et al., 2005)he uptake
of LPS wasgreat at 15 an®0 minsof incubation(Fig. 5.11[B&C]) and the uptake
slightly reducedat 60 mins The maximunreductionof LPS uptakevas observed at2D

min after incubation(Fig. 5.11 E). No fluorescencewvas detectedin PD/THR1 cells
incubated with PB4 only (negaive control)(Fig. 5.11A1). In contrastPD/THP-1 cells
incubated with PB4, then with LPShowsincreasein LPS uptake fol60 min am 120
min of incubationcompared with the cells that stimulated with LPS dig. 511 D1&

E1).

Control 13 30 60’ 120’

A

Figure 5-11: The effect of PARP inhibitor PJ34 on the up taking of LPS labelled FITC by St
(MARCO). THP-1 cells at density of 25xfavere differentiated with PMA in LabTek-8ell chambe
slide for 72 hours and the media replaced with media free serum (RPMI 1640). Cells then stimul:
LPS labeléd FITC in absence or presence of PARP inhibiteB4for indicated timesA- Represents c¢
only (negative control), whereaB,(C, D, and B represents cells treated with LPS omyL- Represen
cells treated with R34 (negative control), whileB{L, C1, D1, and EJ represents cells that treated with

23 for 30min prior to stimulate with LPS. The data represent three different experiments. Scale bai
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5.4 Conclusion

PD/differentiated THP-1 cells were stimulated with LPS 100ng/ml in presence and
absence of PARP inhibitor B#l and subjected for flow cytometry examination and the
cell that treated with LPS alone shows increase in the expression of CD14 and decrease
the expression of MARCQeceptor with increasing the incubatiime. Wheeas, the
cells incubated witiPJ334 30 minprior to stimulate with LPS shows decrease in CD14
expression and increase of MAROC@ith time incubation. Thephysical association
between CR4 and MARCO was investigatedwith confocal microscopyon
undifferentiated and PD/THEP cells in response to LPS in presence and absence of PJ
34. Undifferentiated cells shominor interactionbetweenCD14 and MARCO, while in
PD/THR-cells (without treatmet) was increased with no significant effect of3J on

this interaction in both undifferentiated and PD/FHRells. Cells treated withLPS
significantly upregulated the interaction between CD14 and MARCO, where#&sl PJ
down regulated this interaction gsificantly. This interaction wasconfirmed by
immunoprecipitation techniquehich detects the intracellular interaction between CD14
and MARCQ Undifferentiated and PD/THR cells shows increases CD14 mRNA in
response to LPS with increased time of incidmatwhile MARCO mRNA decreased with
increased incubation time. In contraBt}34 downregulatesthe expression of CD14
MRNA in response to LBSwhile it increase the expression of MARCOMRNA in
response to LP®ith incubation time MARCO hasanimportart role in LPS clearance
and thispropertywas investigated by confocal microscopy which showed decreased in
fluorescence intensity (which represents the LPS uptaké min and disappeared at
120 min of incubation. In contrast treatment with3Jprior to LPS treatment there was

continues LPS uptake even after 120 min of incubation.
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CHAPTER 6: Proteomicanalysis of PMA-differentiated THP-1 cells

stimulated with LPS in presence and absence &%-34
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6.1 Introduction

The aim of pratomics is to characterise the proteome, the entire complement of proteins
produced by an organism, system, or biological context, including modifications made to
specific proteins. Proteomes vary under different conditions and at different times and the
goal of proteomics is to analyse the varying proteomes, highlighting the differences
among them. Proteomics has three main categories or subdivisions. Structural proteomics
seeks to define the-@mensional structure of each protein encoded by a given genome
Expression proteomics is the study of dysregulated proteins as a function of stimulation or
condition. Interaction proteomics aims to distinguish interactions between proteins and to
characterise protein complexes in order to determine function. Pricteatata can
provide important clues to the nature of mechanisms involved in the complex process of

LPS recognition andignaling

Two-dimensiamal gel electrophoresis-QE), which facilitates theseparation of complex
protein samples, has become a pduleand widely used tecloue for proteomic
analyses.2-DE accommodates a large ass range and is able to resolve all peptide
components of a complex mixture by separating proteins by two stages. Proteins are first
separated by isoelectric focusing (IEF)ngsan immobilized pkgradient (IPG), the first
dimension. This isfollowed by the second dimension, sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SIP8GE) The resolved proteins are identified by
mass spectrometry (MS) or tandem mass speeiry (MS/MS) (Issaq & Veenstra,

2008)

Resolved protein spots can be analysed with suitable software for comparison among
different samples and can be used for MS analysis. However, this method has some

disadvantages, such as the occurrence otoggeél variation (Goldfarb, 2007) Low
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protein solubility and a high tedency for aggregation may additionally result in protein
absorption and aggregan duringapplication of both IEF and gel protein separation. Use
of thiourea in additin to urea as a chaotrope, aridwitterionic amphiphilic compounds
such as chaps isbke to resolve prein solubility problemsNatarajan et al., 2005;
Trevino et al., 2008)

The proteome is very dynamic in nature beeawf postranslational modi€ations
(Gupta et al., 2007; Witze et al., 2007; Kamath et #2112 Therefore, in order to
recognize the physiological and pathological events that occur in health and disease, it is
important to detect and analys®teins from their native proteome.

The 2DE technique ws here used to investigate tbect of the PARRL inhibitor PJ

34 on theimmune response of THRcells after prareatment with LPSThe EXPASy
tool (http://web.expasy.org/tagident/) was used to identify and quantify-ITHEIl
proteins expessed. This investigation witissist understanding ttie molecular aspects
septic shockand potentiause of PARP inhibitors in the treatment of severe sepsis and

septic shock.

6.2 Methods

6.2.1Cells growth conditions

THP-1 cells were cultured in 100 mm cell culture dishes (Nunc) and differentiatied
PMA 5 ng/ml for 72 hours. Then the media was replaced with fresh media and the cells
rested for 24 hours. The cells were then either left untreated (control) or treated with 100
ng/ml LPS in presence or abserafePJ34 for 2 hhours.Proteinconcentratioa were

guantified as mentioned in section 2.2.12.1 and 2.2.6.1.
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6.2.2Two-Dimensional gel electrophoresis

Lysate from PMAdifferentiated cellsx@osed or not exposed to-Bd was used for-DE

as menbned previously (section 2.2.12.1

6.3 Results

6.3.1 Two dimensioral gel analysis of the effect of R34 on PMA-

differentiated THP-1 cells in response to LPS

THP-1 cells have been used in this study as a model for septic shock and to study
differential expression of the THP proteome inthe presence a@nabsence of P34
following LPS pretreatment.2D-gelbased proteomic analysis was employed, followed

by protein spot analysis. Total proteins in samples of cell lysate were separated by first
dimension isoelectric focusing on thesksof the isoelectripoint (IP) of the proteins.

The isoelectrically focused proteins are then resolved by second dimensieRASEES

on the basis of their molecular weight (Figure 6.1). An skrssitive silver stain method

was used to visualise protsirspots in the SDBAGE gels. 2-DE gels of LPSreated

THP-1 cells treated or not treated (control) with-3Jare shown in figures.1. Gel
images from three independent experimemse analysed usinBrogenesis SameSpot
software (Nonlinear Dynamics Limited). Image analysis pegormed by comparison of
control gels and gels loaded with samples. This revealed differentially expressed proteins
in LPS and P:B4-treated cellsDifferentially expressed polypeptidgots arendicated in

figure 6.2 bya blue line and a spot numbergiven to each spot. The 3D view tool in
Progenesis SameSpot wased tovisualise and analyse protein spots resolved because of

different experimental condition@=ig. 6.3). Table 6.1 showdlifferentially expressed
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spots on theeferene gel image (untated cells)with IP and molecular weight shown.
Treatment of PMAdifferentiated cells resulted in disappearantemany polypeptide

spots, disappearing in response to LPS. These protein spots were present on gels loaded
with samples from THRcells treaed with LPS that had been préreated withPJ34

(Table 6.2).The results from this analysis provide initial data on the etie@J34 on

differential polypeptidesexpression after LPS exposure.
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Figure 6-1: Two-dimensioral gel images of cell lysate proteins from PMAlifferentiated THP-1
cellsuntreated cells or treated with LPS inpresence and absence of P34. A- Control (untreate
cells).B-Cel | s tr eat e d34.&iCellhtreatdd withS 10dng/riAl.D-Cells treated wit
10 ¢ M-34fbor 3®ndins followed by PS 100 ng/ml. All incubations were for 21s. In the firs
di mension, 50 e€g total soluble protei n-7Ma
IEF was performed on IP@hor unit. The second dimension was performed on 12%- SAGE
Gels were silver staineghd image analysis was performed with Progenesis SameSpot softwa#
Molecular mass standards are shown on the left hand side @@aDaltons). Differentiall

expressed selected protein spots in four gels are circled with blue.
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Figure 6-2: Referene image of cells only (control) showing all differetially expressed polypeptid:
spots. The reference image of PMdifferentiated cell only was used for analysis using Proge
SameSpot software to compare the potential differentially expressed pruitsros cells stimulated w
LPS in presence and absence of the PARP inhibite84PJsoelectric points IP range represents pr
separation based on pkhown at the tapThe left side shows the molecular weight and second dime

(SDSPAGE) and prtein separation based on molecular weight, indicated with arrow.
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