SYNTHESIS OF QUINOLINE -FATTY ACID
CONJUGATES AND CHARACTERIZATION OF

THEIR IMMUNOMODULATORY PROPERTIES

M EI-CHUN YEH

B. Sc., B. HSc (Hons)

Thesis submitted for the degree of Doctor of Plojis/

Department of Immunopathology

Children, Youth and Women’s Health Service
Faculty of Health Sciences

Discipline of Paediatrics

The University of Adelaide July 2010



TABLE OF CONTENTS

=15 112X N IX
D =T I 2.y 1T N Xl
ACKNOWLEDGMENTS .ituiittuiiitueeeteeetaeetteesaaaeetneeean s sanaaeeaneesneeanaeesneeenneeanseesneesnsessnnnenes Xl
PUBLICATIONS AND PRESENTATIONS ..uuteuuittteetieeetueestneeetnesenneeennessnsennsnseesnesennassnnaesnseeens XV
=] = o T XVI
INDEX OF FIGURES AND SCHEME ...uuiiuiiiiieetiieeteeeteeeteesaeesa s semneaesanasesnaesnnaeenneeanneesnnaees XXI
INDEX OF TABLES ..etuettuttttt ettt eeet e et e st e eeta e et e e s amaesaaneeaneeenaeaneeansessnaaennaeesnsaennnaaes XXVII
1.0 CHAPTER LINTRODUCTION ..uiituiitieeiueeeteeeeiaeesneestnsestneessaaeennnsessnaeesneeenneesnneesnaeennnns 28
A 1= T e L= T = | T o To [F ox 1] o NP EUUUPUPPPUR 29
1.2 MONONUCIEAI PRAGOCYLIES ... ..ttt ettt et e e e e e e e e e e e e e e e e e e bbb et bt e e eeeaaaaeaeasasaasaaaannnsnnbssbesneeees 32
0 T I 1 0 ] o] T T3V 1= PRSP 35
1.3.1  Thcells and inflAamMMEatION ...........c..ooiiiimmmm et 36
O Lo 110 o] 11 P PEEEEERR 42
1.4.1  Neutrophil adhesion-selecting and INtEQIINS ......cc...uiuiiiiiiiii e 42
1.4.2  Neutrophil extravasations and transSmigration ..ottt 43
g B o ¢ =T [0 103 (o ] 1< T TSP PPOPTPPP PP 44
I o (=101 =T o] (0] £ PP P TP TPPPPRTRRUPPIS 45



1.4.5 Receptors for complement (CR)

1.4.6  Neutrophil degranUIatioN ...............cooii i e e e e e e e e e e e e e e e e es s eeerrrrereaaaeeas 48

1.4.7  Neutrophil nicotinamide adenine nucleotide phosplBtADP) H oxidases and reactive oxygen

] 01T ox = U UP TS UUPRT 51
1.4.8 The HO,-Myeloperoxidase-Halide SYSIEM.......... i i 53
I I N[ TU L o] o] o V1 I = € 41 T [P PRPRURTTT 54
S O g =T g g o T= L1 - ot = 1 =107 =T | (o ) £ SO PPS 56
1.6 Cytokines and CYtOKINE FECEPLOIS .....vuviiiiee i e e eee e e e e e et e et e e e ettt ee e et e aaeeese s s e s s snnnnerneresreeneeeeeees 58
1.7 Inflammation and fatty ACIAS ............uuuuiiiiimmeeeeee e e e e e e e e e raaaaaaaaaas 60
1.8 Anti-malarials as anti-inflammatory agents ... 62
IR 28 R @1 o1 o o To [ U1 1= 20 USSP 67
1.8.1.1  Effects of CQ 0N NEULIOPhIIS........coi i 68
1.8.1.2  Effect of CQ 0n monocyteS/MacCrOPhagES ...... .o eeeeeiieiiiiieiiiiirieiierereereeeeeeeeeeessannnnnn 69
1.8.1.3  Effect of CQ 0on lymphOCyte r€SPONSES ......cceeeeeeieeee i e e e e e e 70
1.8.2  HydrOXYChIOTOQUINE .....cceeeeeeeee ettt e et e e e e aaaeee e s e s ae e b neaenannneeeeeaes 72
1.8.2.1  Effect of HCQ 0N NEULIOPNIIS ....ooeiiiiiiiiie e 72
1.8.2.2  Effect of HCQ on monocytes/macrophages and T lymapt&®...........ccccvvvviiiiieiiiniiiieenenem 73
1.8.3 Clinical use of anti-malarials in inflammatory SES ... 73
1.8.3.1  Drug metabolism and toxicity of CQ and HCQ .............cooiiiiiiiiiiiiiieireeeeeee e e 74
1.9 AIMS QN NYPOINESIS....ceiiiiiiiie et e et e e ee e e e e e e seesrst e araaeeereeeaaaaeaaeeeseesanaannnnnn 77
I TR R o 1Y/ o T} 1= T SO 77
IR T A [ o PRSP 78
1.9.21 (CT=T LT - | PP PPPPUURPRRPR 78
I B o T o | oSSR 78
2.0 CHAPTER 2 MATERIAL AND METHODS ....uuuuiiaiiieetinaaaeeensnnnaaaaaeesnnnsaeaaaeeneesssnnaaeeeenes 79
2.1 Reagents, biochemicals and antibodIi€s.........ccueeviiiiiiiiieieiii e 80



2.2 Chemical experimental SECHONS ..........cccuiieeeeiiiiit e e e e e e e e s e s s e r e e e e e eaaaaeeeesessesannnnnnnnnes 81

2.3 Synthesis of base structure 4-amino-7-chloroquingie (NTO) .......ccovvevreeeiiiiiii e 81
2.4 Synthesis of 4-amino-7-chloroquinoline-fatty acid anjugates (NTL-13)......ccvuviiiieieeeeeeeeess e eeeeenn 82
2.5 Preparation Of NT COMPOUNGS .......ooiiiiiiiii ittt et e e e e e e e e e s e e e e nbbab e e e eeeeeeeaeas 83
2.6 Preparation Of JAUIC @CIH ... ....ooiii ettt e e e e e e e e e e e e ettt e e e e e e aaaaaaaaaaeaaeeaaaaannnnennes 83
2.7 Preparation of CQ and HCQ......coii ittt e et e e et e e e e e e e e e e e e e e e e e aaannnneene 83
P28 S T Y 01101 F= PP URTRI 85
2.9 Isolation of human peripheral blood mononuclear cds and neutrophils. ...........ccccccvviiieviireveevnnne. 85
2.10 Preparation of TNF-rich medium (TNF-RM) .....coouiiiiiiiiiie e e e e e e e snnnnnees 85
2.11 NeULrOPhIl FUNCHION ASSAYS ....teeeeeieiiiiieias ottt ettt e et e e e e e e e e e e sa st be b b e eeeeeeeaaeaaaaeaaaaasaesaaaanns 86
P2 B O R Vo | g = T Tod I TS ST TR PRPRRPP 86
P B A O 01T 0 To ] r= D TSP 87
2.11.3 ChemilUMINESCENCE GSSAY .....uuuvrurrrrrreesmmmmmnmn e seeeeeaeesssiasaasasssststraaaeeereaaaaaesessasaaaaasnssrssssssssseeens 88
2.12 Analysis of cytokine and chemokine gene expressitwy quantitative real-time PCR ...........ccccovvv i 88
2.12.1 Preparation of samples for RNA iSOIAtiON........cccviiiiiiieeieee e e 88
2.12.2 (Yo F= o] g o) 2 LN PP 88
2.12.3 Synthesis of cDNA (Reverse TranSCHPLION) ..o oo 89
2124 Quantitative real-time PCR ... .o e e e 90
2.13 Regulation of 3-ketosphinganing SYNtNASE .......ccecviiiiiiiiiiiiiee e 91
2.13.1 MICIOSOMAL ISOIALION ...eeeiiiiiiiiee et e e e et e e e e e nnneees 91
2.13.2 Lowry’s protein determination ..............euierirerieeeieerierieee e e e e e e e s ss s s rrrrrrreeeeeeeeeseesenannannnns 92
2.13.3 Serine palmitoyl transferase (SPT) @SSAY....cccuuuriiiiiiiiiiiiiii et 92
2.14 LymphoprolifEration ... ...ttt e e e e e e e e e e et e b e e e e et e e e e e e e e e e e e e e e e e e e aanaaaae 93



P S @Y (o] (1 L= 3o (=1 1= 0 1T = o ) o O 94

V20 G T o [0 YA o3 (o 1 4= 1RSSR 94.
2.16.1 CR3 up regulation and @XPreESSION ...........uceeeeeerurrrrmmerrerirerreeaeeeeeeasiasasannrrsrerrrrerraraaeeeaaanann 94
2.16.2 CD1208/CDI120D EXPIrESSION....ciiiiiiiiiaia e e ettt e et e et aaaaeeeaaa e neanbbebeeeeeeeeeeas 98

2.17 Lipopolysaccharide-induced peritoneal inflammation ... 98

2.18 SEALISTICS. ... utteeeeee e ittt e ettt mmm ettt e e oot e e e e h et e e e bt e e e e e b e e e e e e e n bt e e e e e b e e e e e annees 99

3.0 CHAPTER 3 SYNTHESIS OF NT COMPOUNDS........cuttttuiiiiiiiieeeeeeeeeieeeeeensnnsiesnnnnnnnns 100

(A o 10T [8 X o PP P R PPPRPP 101

3.2 RESUIES 1ttt et e e e e 103

G 70 T 11 o 2= T Y2 133

4.0 CHAPTER 4 THE EFFECTS OF NT COMPOUNDS ON NEUTROPHIL ADHERENCE ......... 134

o R 1 o o [T {0 o PO PP TP PPPPPTOTPPPPPPN 135

4.2 The effect of NT compounds on adherence induced ByNF rich medium (TNF-RM)..............oeeeeee. 136

4.3 Comparison effects of NT8 to NTO and lauriC @Cid. ..........coooiiiiiiiiiiiiiiieeeeeeee e 157

4.4 Effect of NT8 on TNF induced neutrophil adherenCe ...........coooeiiiiiiiiiiiiiieeeee e 157

TS 11 0 = o PR 160

50 CHAPTER 5INHIBITORY EFFECTS OF NT8 oN TNF-INDUCED NEUTROPHIL

RESPIRATORY BURST, MIGRATION INHIBITION AND CYTOKINE PRODUCTION  .iiiiiiiirieeeeeeeenns 161
L 70 A 10 0 o [1ox £ o 1 162
5.2 Effect of NT8 on the oxygen-dependent respiratory lirSt ..........oooeeiiiiiiiiiiiiiiiiiii e 163



5.3 The effects of NTO and lauric acid on the neutrophirespiratory burst..........cccccccvveeeeeiiiimnee e, 163

5.4 The effect of NT8 on the respiratory burst inducedby recombinant TNF .........cccccceeeeeeieiiin s, 167
5.5 The effects of CQ and HCQ on the neutrophil respirtory burst reSponse ........cccccccvevveeeeiiiiiceeeen.. 167
5.6 Effect of NT8 on neutrophil random MOVEMENL...........cccuuiiiiiiiiiieiie e 172
5.7 Effect of NT8 on the neutrophil migration inhibiton induced by TNF........ccccccoiiiiiiie 172
5.8 Effect of NT8 on TNF-induced IL-1§ and IL-8 production by neutrophilS ... 176
5.9 Effect of CQ on TNF-induced IL-1f and IL-8 production in neutrophilS..........cccceceeeeeeeiiiii e, 176
L0 0 IS 4 0= T Y2 183

6.0 CHAPTER 6 SELECTIVITY OF THE INHIBITORY EFFECTS OF NT8 FOR THE

TNF-INDUCED RESPONSES......uuuiiiiiiitiiiiieatirttisesssssss s ssssssssssssi s s e ssnnssa s e s sasnsnasseessennes 84l

G 70 R 1 o1 (0o 11 T4 o o PP PU PP OPPRT 185

6.2 Alteration of the adherence response induced by o#n surface receptor acting agonists ............. 186
ST R 1V 1 I = OO PRSPPI 186
1A N I = PP RPRTRI 187
G B 1Y 0 PO PU R PPPRN 187
B.2.4 Lo ottt E e et e et 818
B.2.5 D@ttt ———— et R e et e e e e 818
6.2.6  LIPOPOIYSACCNAIITE ... ..ottt e e e e e e e et eaeeaeas 189

6.3 The effect of NT8 on neutrophil ChemMOAXIS .........oooiiiiiiiiii e 196

6.4 Oxygen-dependent reSPIratory DUFIST............o it 199
B.4. 1 IMLP et a e e e e e e e 199
TR S T I = PSP PPRRPRRI 200
SRR B B €] 1Y B 03] T TP UU PP PPPR 200



6.5 Effects on arachidonic acid induced neutrophil reSPNSES. ..........uvviiiiiiiiiiiiieiieeee e 207

6.6 The effect of NT8 on agonists which act at the postceptor level, PMA and A23187.................... 211
GG T8 R Vo | =T =g To =PTSRS 211
6.6.2 Oxygen-dependent respiratory DUIST.... ... 214

6.7 The effects of NT8 are irreVErSIDIE ........ooi i 219

6.8 Effects of NT8 on agonist induced up regulation 0ER3 eXpression. ...........cccccuiiiiiiiiiiiiieeeeecieees 219

6.9 Effects 0N TNFR EXPIESSION .. .cciiii it emmmr et e e e ee e e e e e e s e e s ss s st e it e eeeeeaaaeaeesaesaaaasssssnseastannereereees 223

6.10 Effects on SphingOSINE PAtNWAY ..........ccoiiiimm it e e e e e e e e e aa e e e e e e e s e e eaaaans 226

00 I U 0 =T Y/ S 228

7.0 CHAPTER 7 THE EFFECTS OF NT COMPOUNDS ON MONONUCLEAR CELL RESPONSES

........................................................................................................................... 231
4% R [ 011 (oo 18 od 1[0 I PP PP OPPPPPPO 232
7.2 Effect of NT compounds on PHA-induced lymphocyte poliferation................cccoiiiiiiiiiiiii e, 233
7.3 Effect of NT8 and CQ on PHA-induced lymphocyte cythine production .................ooooiiiiiii . 235

7.4 Effect of NT8 and CQ on tetanus toxoid-induced lympoproliferation and cytokine production....239

7.5 Effect of NT8 and CQ onS.aureus —induced lymphoproliferation............cccccvveeviviveiiiiiiieeneeeeneee, 242
7.6 Effect of NT8 and CQ on LPS-induced cytokine produtin PBMCS.........ccccceeveeeiieiiii e 242
A 1011 411 1 T= 1 Y PSS URPPPPT TP UPTPTRR 245

8.0 CHAPTER 8 EXAMINATION OF THE ANTI -INFLAMMATORY PROPERTY OF NT8IN VIVO

Vi



LS 70 A 10 0 o (1o £ o 1 247

8.2 Effect of NT8 on LPS-induced inflammation.............ooiiiiiiiiiiiiiiee e eaaas 247
o TG TS 11 o 2= T Y2 253
9.0 CHAPTER O DISCUSSION. ..ttt e et et et e et e e e e e e e e e e e e e e e reeenen 254
JO.0  REFERENCES. . ...ttt ettt et ettt e e e e e e e e et e e e e e e e e e e eananaenss 271

VIII



ABSTRACT

The anti-malarial chloroquine (CQ) and derivatiaes useful anti-inflammatory agents which
have been useful in treating patients with rheurdatarthritis and systemic lupus

erythromytosus. Nevertheless derivatives of C@hsas hydroxychloroquine (HCQ) have
been made to reduce the toxicity and increase dtenpy of the drug. We have approached
this challenge by synthesizing 13 quinoline basedhmounds bearing a saturated or

un-saturated fatty acid side chain (carbon chaigtleof 3 to 20).

Examination of their immunomodulatory propertiesvitro at concentrations up to pol
showed these compounds to have no effect on phgtehgglutinin- and antigen, tetanus
toxoid- induced human lymphocyte proliferation anterferony, interleukin(IL)-2, 1L-10
and lymphotoxin production. Similarly, there was effect on the responses induced by the
B cell mitogen, Staphylococcus aureudn contrast, at the same concentrations, CQ
significantly inhibited lymphoproliferation and ©kine production induced by these agents.
Using bacterial lipopolyssacharide (LPS) as a dtisiior monocytes in the peripheral blood
mononuclear fraction, we found that cytokine prdolut tumour necrosis factor alpha

(TNFa), IL-1p and IL-6 was inhibited by CQ but not the NT compds.

In contrast the data demonstrated that a numbeheofNT compounds were effective in
inhibiting human neutrophil adherence induced byFTNHowever, this activity was not
related to either the carbon chain length or thaiurated versus un-saturated state of the fatty
acid side chain. In comparison, both CQ and HC@Q ma effect on this response. The

compound NT8 which had lauric acid on the side rchadi the quinoline structure was the

IX



most active. Further studies with this compouneaded that it was particularly effective in
inhibiting TNF-induced neutrophil cytokine (ILBland IL-8) production but not TNF-induced
neutrophil migration inhibition or TNF-induced rastory burst. CQ and HCQ had no effect
on all of these responses. At the lower concentnatiof NT8 which significantly inhibited
neutrophil adherence and cytokine production, tbmpound had no effect on adherence
induced by phorbol 12-myristate 13-acetate (PMAJ aalcium ionophore (A23187). These
agents are known to by-pass the surface receptor®et on protein kinase C and cause an
increase in intracellular calcium levels respedyiveuggesting that the effects of NT8 are
upstream in the signalling cascade. Interestingéy faund that NT8 caused a significant
decrease in surface expression of TNF receptofrNIFRII) but not TNFRI. This selective
effect of NT8 on neutrophil functions such as adhee was lost with an increase in
concentration, where the neutrophil responses ¢oatlpnists, complement fragment C5a,
IL-8, granulocyte macrophage-colony stimulatingdacformyl-Met-Leu-Phe, PMA, A23187
and arachidonic acid were also inhibited. A simitalectivity was seen for neutrophil
responses to leukotrieng.B'he anti-inflammatory effects of NT8 were confedin vivoin a
mouse model of LPS-induced peritonitis, where bidt- and neutrophils play an important

role.

The research in this thesis has enabled the deweloipand characterization of a new class of
quinoline based compounds with anti-inflammatiooparties distinguishable from those of

CQ and HCQ, thus, providing a new avenue for theeld@ment of anti-inflammatory agents.
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1.1 General introduction

The immune system through its innate and acquihedacteristics protects the body against
microbial pathogens (Kaufmann and Steward, 200%hese responses involve a network of
different leukocyte types and mediators such aekayes as well as cell surface receptors.
In this manner, the immune system is able to ma@ameffector action which leads to the
elimination of bacteria or other foreign matter tissues and organs. However, these
characteristics of the immune system can also mdilergic and autoimmune reactions in the
body, which are responsible for many debilitatingedses in our community, namely the
immune system can either act as a friend or addkee human body. The very nature of the
foreign structure, whether of microbial or autoigah origin, dictates the characteristics of
the inflammatory response displayed (Ferragital, 1992). The onset of the inflammatory
reaction and its resolution is guided by a balasfcpositive and negative regulators of both
the cellular and molecular elements of the immugstesn. In simplistic terms, the

inflammatory response can be classified into theeaor chronic type.

Cells of the immune system can participate in ienatmunity. Some of these cells are more
specialised for this function than others. Indhsence of antibodies and T cells, which can
recognise antigen specifically, the host defencetesy is dependent on the recognition of
patterns of distinct differences of defined molecwutructures on the surface of microbial
pathogens, tumor cells and altered self struct(@wsaplin, 2006; Goldsbt al, 2003a).
These are known as pathogen recognition system$§)(PHRPattern recognition receptors
(PRR) on leukocytes such as toll like receptors R)Ylhave a spectrum of recognition
functions. Engagement of these receptors leadselialar activation and production of

cytokines, phagocytosis of particles and killinguhor cells (Chaplin, 2006).
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For example, killing of tumor cells via pattern @gaition is carried out by natural killer (NK)
cells (large granular lymphocytes) (Goldskey al, 2003b). Both macrophages and
neutrophils have TLRs which recognise microbialcnres (Goldsbet al, 2003b; Ferrante,
2005). This is a first line recognition system,ievhwhen initated activates the leukocytes
to release a weak range of mediators to eithecttiirdeal with microbial pathogens and/or

promote the infiltration and activation of cells il assist in defence against infection.

The classification of inflammatory responses casoabe based on the types of cells
infiltrating infected area; mononuclear infiltrafe lymphocytes, macrophages and B cells) or
predominantly polymorphonuclear cells (PMN) (neptrb eosinophils and basophils)
(Goldsby et al, 2003c). Regulating the characteristic of thdutal infiltration is now
recognised to occur via different T cell subpopaola which mediate their effect through the
release of specific cytokine patterns. Apart froroells existing as T helper/ inducer cells
(Th) and T suppressor/cytotoxic (Ts) cell, the Hiischave now been further characterised
into Thl, Th2 and Th17 (Chaplin, 2006). The cyteld they release influence the type of
inflammatory response observed. Other T cells #ratdesignated to play a key role in
regulating the immune response are the regulata®ll$ (Treg) (Sakaguchi, 2008). Again,
these have a distinct cytokine pattern from thecéls. The T cell arm of the immune
system is essential to the adaptive or acquiredunamesponse. The diversity of the TCR
repertoire is generated by combinational rearramggemof a variety of germ-line
immunoglobulin (Ig) or TCR gene segments (Goldgbyal, 2003c). T cells respond to
antigen, presented in association with major h@tgeatibility complex (MHC) molecules by

the antigen presenting cells (APC) (Goldgwl, 2003a; Chaplin, 2006).
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The other component of the adaptive immune respantee B cell, which can be triggered
by antigen to develop into plasma cells to prodacgibodies complimentary to the
stimulating antigens. In order for B cells to lm#ivaated and mature into antibody-producing
cells, T cells are required to release severalkoygs (Goldsbyet al, 2003c). This T cell
assistance is also necessary for downstream imnmdon class switching. The
anti-microbial resistance mediated by adaptive imityuoccurs through the production of
antibodies which neutralise the microbial toxin pmomote the phagocytosis of bacteria.
This represents the humoral immunity of the immaystem which is principally a function

of B cells.

Cell-mediated immunity occurs as a result of theegation of cytotoxic T lymphocytes
which attack virus infected target cells or by Ti<eecruiting and activating macrophages for
microbial killing (Kumaratilakeet al, 1992). Th1l cells play important roles, by reiegs
cytokines such as interferonfIFN-y) which activate macrophages to promote the killofig
intracellular bacterial parasites or virus infectsells. In comparison, protection against
helminths requires eosinophils, a response bestqer by Th2 cytokines such as interleukin
4 (IL-4) and IL-5(Coffmaret al, 1989; Shiret al, 2009). However, the interplay between

the Thl and Th2 arm of the immunity is quite comad requires further direction.

Inflammatory reactions may be initiated by autogenis or allergens. Autoantigens can
elicit autoimmune responses involving the celldad humoral arms of the immune system.
Antibodies and sensitised T cells promote targedtrdetion through antibody-mediated
cellular cytotoxicity or cytotoxic T cells which sieoy the host cells. Type 1 diabetes,
multiple sclerosis, rheumatoid arthritis and systeenythematosus are all examples in which

the Thl response plays a critical role in tissumatge (Kowanko and Ferrante, 1996; Ware
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and Matthay, 2000).

Although there have been several developmentsawiging anti-inflammatory therapeutics,
the search for newer approaches continues. Présmapies range from those which target
the immune system non-specifically, such as stataahd non-steroidal anti-inflammatory
agents, to those which target a specific cytokinat receptor e.g. the use of anti-TNF
antibodies or TNF soluble receptors (Gétual, 1991; Feldmann and Maini, 2001; Galey
al.,, 1997). Other targets include the intracellulagnalling pathways such as the
calcium/calmodulin pathway and the p38 mitogenvatéid protein (MAP) kinase (Cole and
Kohn, 1994; Mayer and Callahan, 2006). In somegaantimicrobial agents have shown
immunosuppressive properties are used as antmnfl@ory agents. This includes
chloroquine (CQ) and its derivatives. The interesiends to various attempts to produce
derivatives of CQ which may improve the drug actioh the compound, such as
hydroxychloroquine (HCQ). This literature reviewllwdescribe the nature and function of
cells of the innate and acquired immune systemintieecellular signalling mediators and also
review what is currently known about the use ofi-amdlarials as anti-inflammatories. It

will also cover areas of possible therapies angetasites will also be explored.

1.2 Mononuclear phagocytes

In the bone marrow, through haematopoiesis, myteits mature into monocytes which are
released into the blood stream and become a sotitzsue resident macrophages and tissue
infiltrating mononuclear cells during the inflamroat reaction (Figure 1.1) (Goldsket al,

2003c).
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Macrophages are distributed in tissues throughloeitbiody, mainly seen in the skin, liver,
peritoneum, kidney, heart, blood vessels and braifhese cells can display functional
characteristics which assist both innate and adaptmmunity. Macrophages mainly
achieve their objectives by possessing marked iumealt heterogeneity in accordance with
their role in the tissues in which these residejifara and Kobayashi, 2005). Resident
tissue macrophages display characteristics andadized function relevant to the tissues in
which they are found, e.g. the kupffer cells of filker line the sinusoids and play a major role
in filtering blood to remove foreign matter (Fujivgaand Kobayashi, 2005) whereas the

macrophages of the lung phagocytose airborne fegtand bacteria which lodge in the lungs.

In the initial stages of an infection, macrophadepend on PRRs to distinguish self from
non-self. They recognise conserved regions on ahnial pathogen structures termed
pathogen-associated microbial patterns (PAMP) wimdhude bacterial lipopolysaccharide
(LPS) (Brown and Gordon, 2005). The PRR are founserum, on the surface membrane
or intracellularly. Table 1.1 shows selected moles of the different types and their
microbial ligands. Those free in serum, such amptements, can bind to microbial
pathogens and promote their phagocytosis (BrownGordon, 2005). Interaction with PRR
in plasma membrane (such as TLRs) or intracellulanch as nucleotide-binding
oligomerization domains-NOD) to PAMPs will eliciei responses in macrophages leading to
phagocytosis, microbicidal activity and the releageytokines (Brown and Gordon, 2005).
The nature of this macrophage-microbial pathogeteraction is likely to dictate the
effectiveness of the adaptive immune response wiscimportant for the destruction of

infection.
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The role of macrophages in adaptive immune respisngeprime naive T cells as well as to
present antigens to primed T cells, like dendrialls (DCs) (Porcheragt al, 2005).
Antigen-presentation by macrophages and their Di@tives leads to the generation of
functional T cells with different properties relexdo the elimination of microbial pathogens
(Goldsbyet al, 2003a). The main subsets, Ckxhd CD8 T cells play quite different roles
in immunity. CD4 T cells are considered helper T cells and aretnsgntal in producing
cytokines which enable the development of effectgtotoxic T cells (CD8 T cells) that
target and Kill cells infected with cytosolic patfems e.g. viruses (Goldsket al, 2003c).
Depending on the environmental stimulus, CO4cells may differentiate into Thl or Th2
cell types and can also be influenced by cytokmeé=ased from macrophages. These T cells
types produce different cytokine patterns which med immunity to different type of

pathogens.

The anti-microbial activity of macrophages has beesll characterized.  Usually
extracellular microbial pathogens are killed follogy opsonisation with antibody which not
only promotes their phagocytosis, but stimulatgmals through the Fcreceptors. This
process stimulates a combination of biochemicdiyays that generates several microbicidal
substances delivered to the intracellular site whbe pathogen is confined; the phagocytic
vacuole (Goldsbyet al, 2003d). These substances include enzymes, pspdiad oxygen
derived reactive species. Many of these overlap Wiose used by the neutrophil and are
extensively described in section 1.4. However, thest striking characteristic of the
macrophage which distinguishes it from the neutilojdh the process of macrophage
activation. This is classically described for thiing of the intracellular bacterid,isteria
monocytogeneqSonoda et al, 1997). These bacteria can live and multiply imith

macrophages but when macrophages are transforrtee@dnnactivated state the bacteria are
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killed. The activation is brought about by Thlakihes such as IFN{Sonodeet al, 1997),
whereas Th2 cytokines including IL-10, IL-12 and -3 are considered to deactivate

macrophage (Fujiwara and Kobayashi, 2005; Kumatkatiand Ferrante, 1992).

Macrophages activate the immune response by segrativide range of mediators. These
include cytokines, pro-and anti-angiogenic factoas,variety of enzymes, complement
components and metabolites of arachidonic acid.afga of intensive investigation is the
cytokines released by macrophages and their rdleeicytokine network. Macrophages are
major producers of TNF, IL-1, IL-10, IL-12, IFN-and IL-18 (Brown and Gordon, 2005;

Fujiwara and Kobayashi, 2005). These cytokinexatieal to many aspects of the cytokine

network operations in microbial immunity as wellmgrobial pathogenesis.

Macrophages also promote pathogenic processesiassbwith infection and autoimmune
diseases. Recruitment of macrophages into tissise® result of persistent microbial
antigens (tuberculosis) or autoimmune antigensufrtaoid arthritis) can lead to tissue
changes and eventually organ failure and deathey Hne involved in promoting diseases
such as rheumatoid arthritis, atherosclerosis, ipteltsclerosis (Brown and Gordon, 2005;
Kaperoniset al, 2006; Maet al, 2004). The cytokines produced by these celly pia

important role in pathogenesis and it is not ssipg that anti-TNF therapy has become

important in the treatment of rheumatoid arthiifisldmann and Maini, 2001).

1.3 T lymphocytes

T lymphocytes derived from the bone marrow, undefigther maturation in the thymus

gland expressing unique B T cell receptors on the cell membrane (Figure.1.They can
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exist in a naive form and only mature followingieation. The T cell receptor expressed on
the naive T lymphocytes is a complex of polypetidgpressing CD3 and either CD4 or

CD8 receptor (Goldsbgt al, 2003c).

However, mature T cells usually express CD28, aeptxr for the co-stimulatory B7
molecules present on B cells and other antigerepteg)y cells (APC) and CD45, a
signal-transduction molecule (Goldsket al, 2003c). These T cell receptors can only
recognize specific antigen that is bound to thé mmeimbrane proteins, MHC molecules that
are further divided into two classes: MHC clasad # (Goldsbyet al, 2003d). T cells that
express CD4 are usually restricted to recognizimggan bound to MHC class Il molecules
whereas T cells expressing CD8 are restricteddogrtion of antigen bound to MHC class |

molecules (Goldsbegt al, 2003c).

1.3.1 Th cells and inflammation

Upon stimulation and under the influence of diffarenvironmental conditions , naive T cells
develop into at least three types of Th cells amells with regulatory properties (i.e. the Treg)
(Figure 1.2) (Sakaguchi, 2008). There is inypbetween these subpopulations to
promote microbial killing and as well as in allergand autoimmune diseases (Table 1.2).
The skewing towards a Th cell type development setmbe controlled by the antigenic

environment the cells encounter. These four T selitypes can be differentiated by the
cytokines they produce and transcriptional factersch promote their differentiation from

naive T cells (Figure 1.2).
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Table 1.1 Microbial pattern recognition moleaule

Location Family Member Selected microbial ligand
Influenza A virus, herpes simplex
Serum Collectins Sp-A, Sp-D virus, Staphylococcus aureus
Escherichia coli
HIV, influenza A virus, S.aureus,
.. Neiserria meningitides, Chlamydia
Mannose-binding . ) .
lectin pneumonia, Candida albicans,
Crytococcus neoformans, A.
fumigates
c . S.aureus, E.coli, Streptococcus
: -reactive A
Pentraxins protein serum PYogenes, N. _menlngltldes, A
amyloia p fumigates, C. albicans, Plasmodium
falciparum, influenza A virus, LPS
Antibody-coated microbes, Listeria
Complement Clqg monocytogenes, Legionella
pneumophila, E.coli, HIV
C3 Microbial surfaces
Lipid transferase  LBP LPS
Membrane Classic  C-type Candida albicans, P. carinii,
; Mannose receptor Mycobacterium  tuberculosis, K.
bound lectins . . . .
pneumonia, Lishmania donovani,
HIV-1, zymosan
DC-SIGN HIV, Ebola virus, Leishmania spp.
Non-classic _ Beta-Glucans, ~ zymosan,
Ct lecti Dectin-1 Saccharomyces cerevisiae, C.
ype lectins albicans
Leucine-rich CD14 E.coli, LPS, LTA, peptidoglycan
proteins
Toll-like LPS, LTA, zymosan, bacterial
receptors (1-10) lipoproteins, peptidoglycan, viral
proteins, fagellin, bacterial DNA
Scavenger SR-A (I and II), E.coli, S.aureus, M. tuberculosis,
receptors LOX-1, MARCO Enterococcus faecalis, N.
meningitides, LPS, LTA, bacterial
DNA
Integrins CR3, CR4 Complement-coated microbes, ,LPS
LPG, C. albicans, M. tuberculosis, C.
neoformans
Intracellular NODs NOD-1, NOD-2 LPS, S. flexneri
Interferon-induce PKR, OAS, Viral dsRNA
d proteins ADAR1
Mx GTPase Viral-protein complexes

Adapted from Brown and Gordon, (2005).
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T helper cells can also be further subdivided ifitd, Th2 and Th17 (Figure 1.2). Thl cells
produce IFNy which is important for cell-mediated immune respesiwhich are required for
protection against intracellular microbial pathogierand are regulated by the T-box
transcription factor (T-bet) and Runt-related t@amion factor 3 (Runx3) (Mowat and
Gardside, 2005; Sakagucét al, 2008). Th2, regulated by the trans-acting T spkcific

transcription factor 3 (GATA-3), are defined by itheroduction of IL-4 and role in humoral
immunity and response against extracellular path®géMowat and Gardside, 2005;
Sakaguchiet al, 2008). Thl7s are regulated by the orphan recejpamscription factor

(RORyt) and produce IL-17 (Sakagucdti al, 2008) (Table 1.2).

Tregs which are formally known as the suppressoellg, can differentiate directly from the
thymus without the aid of cytokines into nTregdrom naive T cells under the influences of
cytokines into iTreg (Figure 1.2) (Sakaguetial, 2008). Tregs are known to control other
T cells types and suppress either their activatiorsecondary lymphoid organs or their
effector functions in peripheral tissues (Packerdal, 2009). Regulatory T cells are often
classified as CD4 CD25 and forkhead box P3 (FoxP2ells with the special emphasise on
the expression of the transcription factor Fox®Bich acts as an important regulator for Treg
development and functions (Figure 1.2) (Sakagethal, 2008). Upon antigen exposure,
Tregs become activated and exert antigen specifipressor functions on the antigen (Table

1.2).
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Figure 1.2 Differentiation and maturation of T helper and regulatory T cells. Cytokines
and transcription factors that promote the difféisgion of naive T cells into Tregs and T
helper cells are shown. The transcription facBtset and Runx3, GATA3, or RORare
required for the differentiation of naive T cellda Thl, Th2 and Th17 cells respectively,
nTreg, nature Treg; iTreg, induced Treg; RA, reatinacid (Adapted from Sakagucet al.,

2008).
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Table 1.2 T cells and their functional role.

Cell type Role and functional outcomes
Th1l cell Inflammatory

Production of cytokines which:
« activates macrophages.
« promotes the development of cytotoxic T cells.
* helps B cells to make antibody.
«induces class and subclass immunoglobulins swigchin
«induces monocyte and neutrophil infiltration.

« inhibits Th2 responses.

Th2 cell Anti-inflammatory or allergic inflammation

« Production of cytokines which:

» promotes basophil and eosinophil infiltration awst\etion.

e promotes downstream switch of immunoglobulin claswd
subclass e.g. towards IgE and }gG

« inhibits macrophage functions.

Th17 cell Inflammatory
* Production of cytokines which promotes inflammatiemg. in
rheumatoid arthritis.
* Produces IL-17.

Tregs Imunosuppression/ Anti-inflammatory
« Compete with antigen-specific naive T cells for DC.
e Target dendritic cells including DC maturation, ¢tion and
suppress DC maturation.
« Inhibit cytokines include IL-10, IL-35 and transfioing growth
factorf (TGF).
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1.4 Neutrophils

The development of neutrophils from granulocyte-owyte progenitor is regulated by a
group of cytokines such as the granulocyte coldmgtgdating factors (G-CSF), granulocyte
macrophage colony-stimulating factors (GM-CSF) din8 (Ferrante, 2005) (Figure 1.1).
Neutrophils produced by hematopoiesis in the boaeraw are released into the peripheral
blood and circulate for 7-10 h before migratingitite tissues, where they have a life span of
only a few days. These cells are generally thst fio arrive at sites of inflammation

(Goldsbyet al, 2003c).

1.4.1 Neutrophil adhesion-selectins and integrins

Adhesion molecules on leukocytes facilitate thé@mehment to the endothelium and to tissue
structures over which they migrate (Schmid-Schamli2006) (Figure 1.3). The two general
classes of adhesion molecules involved are thegrinte and selectins that are either
pre-expressed in both the plasma membrane andlagiog granules, or may be newly

synthesized upon stimulation of the cells (Schnetighbein, 2006)

Initial attachment of leukocytes to endothelial nbeames is facilitated by selectins P-, E- L
(Schmid-Schonbein, 2006). These selectins areerestored in granules (P-selectins) or
pre-expressed (E and L-selectin) and can be treaigld rapidly to the cell surface in
response to several inflammatory stimuli (Ulbrethal, 2003). The adhesive function of all

selectins requires specialized counter-receptord @@ interactions between P-selectin
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glycoprotein ligand 1 (PSGL-1) and P-selectin ispansible for a major part of leukocyte
rolling during inflammation (Ulbrichet al, 2003). Neutrophil capture and rolling can be
mediated by P-selectin binding PSGL-1 and activdtedL-8 (Figure 1.3). L-selectin

located on neutrophil microvilli, interacts with 86-1 on endothelium to promote leukocytes

capture to the endothelium (Ulbriet al, 2003; Burg and Pillinger, 2001).

In contrast, firm adhesion and spreading of cetlsh@ endothelium is facilitated by integrins,
a family of heterodimers, and tyrosine kinase remsp(Schmid-Schonbein, 2006). These
molecules exists as dimers that contaimamdf subunit (Ulbrichet al, 2003). Integrins
are activated rapidly from a low-affinity to a higffinity state following ligand binding and
cell activation. The integrins used by leukocyghare a commofy-chain (CD18) and four
different a-chains (CD11a, CD11b, CD11lc, CD11d) with CD11b/80deing one of the
important integrins in the inflammatory reactionpeessed on neutrophils, monocytes and
macrophages (Schmid-Schonbein, 2006). Firm adhesiothe neutrophil to endothelial
cells is confirmed when the integrins binds toititeacellular cell adhesion molecules (ICAM)
or the vascular cell adhesion molecules (VCAM) fwum the endothelium cells (Ulbrict

al., 2003).

1.4.2  Neutrophil extravasations and transmigration

After firm adhesion via integrins, neutrophils tsamgrate either between or directly through
endothelial cells to arrive at extravascular sgesfection (Figure 1.3) (Witko-Sarsat al,
2000). Platelet endothelial cell adhesion moledu{PECAM-1), a cell adhesion molecule
of the Ig superfamily plays a role in transmigrat{®Vitko-Sarsaet al, 2000). PECAM-1is

expressed both on the neutrophil surface and atetfumthelial cell junction to mediate
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neutrophil extravasativia PECAM-1/PECAM-1 homophilnteraction (Witko-Sarsagt al,

2000).

Neutrophil emigration from the vascular space angjration through the tissues are
consequences of a regulated process involving theguential release and
compartmentalization of a wide variety of inflammgt mediators (Densoet al, 1995).
Early influx of neutrophils into an area of injuig predominantly mediated by IFN-
complement 5a (C5a) and leukotrieng(BI'B4). IL-8 and IL-6 appear in a second wave of
mediator activity, followed by ILf, GM-CSF, and TNFe. In contrast, the concentration of
IL-1a, IL-2 and IL-4 remains unchanged (Densenal, 1995). When neutrophils are
exposed to a uniform concentration of chemoattrastdhe speed or frequency of migration
increases (Witko-Sarsat al, 2000). When the concentration of chemoattrastalifters
across the cell by as little as 0.1-1.0 %, ligandldd receptors distribute asymmetrically,
leading to a polarised response that causes dinattimovement, resulting in the net
accumulation of neutrophils at sites of increagingcentration of attractants (Denseinal,

1995).

1.4.3 Phagocytosis

Once the neutrophils arrive at the site of infettas explained above, they then proceed to
phagocytose microbial pathogens. This process beagescribed in the following steps.
Once receptors on the cell surface recognize amdl tioi the pathogen; signals are generated
that induce actin polymerization under the memb@nhe site of contact. Then actin-rich
membrane extensions extend over the particle, teenbmanes fuse behind the patrticle,

pulling it in toward the centre of the cell. Filyalhe phagolysosome matures via a series of
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membrane fusion and fission events to become aoysagsome (Figure 1.4) (Aderem,
2003). The phagolysosome is an acidic, hydrolgtmpartment in which the pathogen is

killed and digested (Aderem, 2003).

Neutrophils, like macrophages internalize opsonigstticles bound via the Fc or
complement receptors. While the internalizatioma@iplement opsonised patrticle involves
a ‘sinking in process’, the Fc receptor promoteftrenation of pseudopods that surround the

particle, termed phagosome (Leieal, 2003).

1.4.4 Fcreceptors

Neutrophil phagocytosis depends upon direct comattt bacteria or other targets that have
been opsonised by antibody and/or complement imvgltwo different receptor classes, Fc
receptors and complement receptors (Witko-Sagtsat, 2000). The main function of the
Fc receptors is to recognize the Fc domain of Ig@bady providing a crucial linkage
between the phagocytic effector cells and the Iyoeptes that secrete antibody, as the
macrophage/monocyte, neutrophil, and NK cellyRs- confer the element of specific
recognition on the effector cells (Table 1.3). fEhare three types of the Faeceptors,
namely FcyRI (CD64), FcyRIIA (CD32) and FcyRIIIB (CD16) (Ulbrich et al, 2003).
Fc-yRIIl has no transmembrane portion but crosslinkieg/RI11l enhances FeRII-mediated
phagocytosis by increasing actin filament assenavlgl by promoting of oxidants which

augment the avidity and efficiency of kBl (Burg and Pillinger, 2001).
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Figure 1.3 Overview of steps involved during an iddmmatory condition. Tissue
damage leads to the recruitment of leukocytes fitwerblood to the site of infection mediated

by cytokines, chemokines, and chemoattractants.aped from Goldsbgt al., (2003d).
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1.4.5 Receptors for complement (CR)

The activation of the complement cascade eitheoutyit the classical, alternative or
mannose-binding lectin (MBL) pathways causes pigtieo cleavage of these proteins,
resulting in several ligands for receptors on lewkes. These ligands may be divided into
two categories: (a) soluble ligands, which causanadtactic movement of leukocytes to sites
of complement activation; and (b) surface-bouncars, which function as opsonins.
Activation of complement leads to the enzymati@ebge of C3 and the deposition of C3b or
C3bi on the microbial surface (Table 1.3) (Denstral, 1995). Complement-dependent
neutrophil phagocytosis is mediated by complemeneptor 3 (CR3) acting primarily on

C3bi due to its high affinity for this componentuig and Pillinger, 2001).  CR1 and CR4
are also found to be important for recognition atteria by neutrophils. Phosphorylation of
CRL1 can trigger the “inside-out” signalling thatiaates CR3 binding capacity (Witko-Sarsat
et al, 2000) and CR4 directly binds to C3bi (Ferrant®0%). However, binding of

neutrophil CR3 to particles exclusively coated wi@l8bi is not sufficient to promote

phagocytosis, and needs to be assisted by activafi@ther pathways e.g. using PMA or
formyl-peptides (Brown, 1986). A complex servidesmnalling pathways activated during
engulfment of opsonised targets lead to the fussbnprotease-rich granules with the

phagosome and the triggering of oxidative burstk@d/Sarsaet al, 2000; Ferrante, 2005).

1.4.6  Neutrophil degranulation

Neutrophil-derived microbicidal molecules are patke granules that are released upon cell
activation. Degranulation of vesicles into phagolsomes or directly into extracellular

space is a key process in the microbicidal actiatythe cell. During phagocytosis, the
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cytoplasmic granules approach the membrane of #weldping phagocytic vacuole and
plasma membrane where they fuse with either the breme delivering granule contents to
the phagocytic vacuole or with plasma membraneltraguin the extracellular secretion of
granule proteins (Densoeat al, 1995) (Figure 1.4). There are two major granutbe
azurophil (primary) and the specific type (secogyldGegal, 2005). Azurophil granules,
contains largely proteins and peptides directedatdwmicrobial killing and digestion,
whereas the specific granules contain unsaturagetbferrin and stores for cell surface
receptor and components which limit free radicact®mns (Segal, 2005).  Azurophil
granules are characterized by the presence of pgeigidase and membrane-bound CD63.

The specific granules contain lactoferrin and membrbound CD66b (Lest al, 2003).

A third type of granule has also been described,téntiary granules which lack CD66 but

contain gelatinase. A fourth group known as theretery vesicles contain albumin and

express alkaline phosphatase and CD35(keeal, 2003). Degranulation involves the

release of a wide range of anti-microbial enzym@® ithe phagosome. Such enzymes
include myeloperoxidase, acid hydrolase and lys@d@moteases (Witko-Sarset al, 2000)

The neutrophil uses a range of anti-microbial mkgstiand proteins to aid in the destruction of
microorganisms. This includes the defensins, pnase 3 (PR3), elastase, phospholipase A
(PLA,) and metalloproteinase. Defensins are small cg@ti@ntibiotic peptides that contain

six cysteines in disulfide linkage and are majanponents of the azurophilic granules (Burg
and Pillinger, 2001; Witko-Sarsat al, 2000). They act by inducing microbial membrane
permeabilization and can regulate inflammatory essc through binding of protease

inhibitors (Burg and Pillinger, 2001).
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Table 1.3 Functional neutrophil receptors involieghagocytosis.

Receptor type

Ligand

FeyRI (CD64)
FeyRIIA (CD32)
FoyRIIIB (CD16)
FouR (CD89)
CR1(CD35)
CR3 (CD11b/CD18)

CR4 (CD11c/CD18)

Fc domain of IgG
Fc domain of IgG
Fc domain of IgG
Fc domain of IgA
C3b
C3bi

C3bi

Adapted from Ferrante (2005).

50



Proteinase 3 can be found in both azurophilic @awtetory granules and is often found on the
membrane surface of secretory granules (Burg atichger, 2001; Segal, 2005). The
membrane bound PR3 is bioactive and insensitiygdteinase inhibitor and has been shown
to enhance cleavage and activation of TNF andfll(Burg and Pillinger, 2001). Elastase is
another serine protease and similar to PR3 is ¢amdizleaving insoluble elastin and matrix
proteins such as fibronectin, laminin and collagéwitko-Sarsat et al, 2000).
Phospholipase A(PLA,) is a neutrophil granule protein that has veryepbtbactericidal
activity against S.aureus (Burg and Pillinger, 2001). Lastly, metalloproteses are
calcium-requiring enzymes that function at neuptdland are released in inactive proenzyme

forms. These enzymes are required for neutropigitation (Burg and Pillinger, 2001).

1.4.7 Neutrophil nicotinamide adenine nucleotide phospha (NADP) H oxidases and

reactive oxygen species

The killing of the microorganism involves the stilmiion of the oxidative respiratory burst
system, leading to the reduction of oxygen to smyde anion, involving the NADPH
oxidase, as well as the generation of hydrogenxeqDjaldettiet al, 2002; Segal, 2005).
The phagocyte NADPH oxidase is an essential comookethe human cellular immune
response which is required for microbial killingdahelongs to the family of the NADPH
oxidase (NOX) proteins (Leet al, 2003). However, oxidants generated by this sysian
also contribute to non-specific tissue damage @s®oc with a variety of inflammatory
diseases (Quinn, 2004). Because of the poterdrati§sue damage, the assembly of the
NADPH oxidase from its components is highly regedaind involves several control points

(Quinn, 2004).
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Activation of the oxidase requires the assembly aif least five proteins with
membrane-associated flavocytochrome b, which apygeaontain all of the required redox
components but cannot on their own catalyze theticea (Quinn, 2004). While a fraction
of the intrinsic components of the oxidase are gmesit the plasma (vacuole) membrane at
the time of phagocytosis, most are delivered thindlugion from intracellular storage sites in

second granules (Borregaard and Cowland, 1997).

The activation of respiratory burst, leads to thativation of the NADPH oxidase, an
enzymatic complex composed of cytosolic (4% p47?"* and p6%">) and membrane
proteins (p22"* and gp9i"™), which constitute a heterodimeric flavohemopmteiown as
cytochrome bsg (Witko-Sarsatet al, 2000). Cytochromeskg is distributed between the
plasma membrane and the membrane of specific ggaranid upon incorporation into the
wall of the phagocytic vacuole, electrons are belgased into the cytoplasm during the
oxidation of NADPH to NADP which counteracts cytosolic acidification (Figur®) (Segal,
2005; Behe and Segal, 2007). Stimulation of ngtits, p4?"* p67"™* and p46"*™ as
well as a low molecular weight guanosine 5'-tripbioaste (GTP)-binding protein, are
translocated to assemble with the cytochrogg(p22"* and gp91"®) in the membrane and
form a complete and active NADPH oxidase (Retsal, 2003). During the respiratory
burst, the oxidase mediates the translocationawitgins across the membrane lipid bilayer so
as to reduce the oxygen present extracellularhe @teal, 2003; Behe and Segal, 2007).
Moreover, cations are being translocated in respémghe electrical potential change by H

and/or K influxes which help in granule secretion by insiaeg the ionic strength of the

phagosomal lumen (Lest al, 2003).
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This enzymatic complex is thus able to generateide anion (@5), which can dismutate
into H,O, (Witko-Sarsatet al, 2000; Ferranteet al, 1992; Dahlgren and Karlsson, 1999).
There are three intermediates in the reduction Hfamely Q, H0, and the hydroxyl
radical (OH) (Figure 1.5) (Witko-Sarsaet al, 2000; Behe and Segal, 2007). The
involvement of @, H,O, and OH in tissue damage has been studied extensivelyiedige
with the role of oxygen reactive species in tisdamage in rheumatoid arthritis (Felsetral,

1990; Mirshafiey and Mohsenzadegan, 2008; Moot832BRynes, 1993).

1.4.8 The H,O,-Myeloperoxidase-Halide system

The generation of superoxide anion via the actwvainf NADPH oxidase is the starting
material for the production of a vast assortmenteafctive oxygen intermediates, including
halogenated oxidants generated through the myeaigpgerse (MPO) pathway (Witko-Sarsat
et al, 2000). MPO is a heme protein present in azutgpanules of neutrophils which is
released upon cell activation into the phagolysasominto the extracellular space (Dahlgren
and Karlsson, 1999). MPO amplifies the toxic pagnof H,O, by producing reactive
intermediates such as hypochlorous acid (HOCI) Wwhean oxidise various molecules
including amino acids, nucleotides, and hemoprstéWitko-Sarsaet al, 2000; Densoret
al., 1995; Burg and Pillinger, 2001). The MPO systsnknown to be responsible for the
formation of tyrosyl radical and chloramination @uations, the generation of tyrosine
peroxide, reactive aldehydes, and the oxidation sefum proteins and lipoproteins
(Witko-Sarsatet al, 2000). The system has been shown to be impdrtanicrobial killing.
MPO-deficient neutrophils show a slow rate of baateilling within the first hours but

normalise later (Klebanoff and Rosen, 1978).
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However recent studies from Segal’s group havelemgéd the importance of MPO in
microbial killing suggesting other mechanisms areolved including elastase and that the
MPO system is unlikely to play a significant rotethis killing (Reevest al, 2002; Segal,
2005). Studies using proteases knock-out mouseeimasdch as elastase and cathepsin G or
both enzymes showed that elastase is especiallgrtarg in the killing of Gram-negative
bacteria whereas cathepsin G is less importanté®elajet al, 1998; Maclvoret al, 1999;
Reevest al, 2002; Tkalceviet al, 2000). However, both enzymes are required toiaed
the killing of microorganisms and the lack of betizymes resulted in a defect in the killing
of bacteria whilst displaying normal respiratoryrdtu(Maclvor et al, 1999; Reeveet al,
2002). This further supported the idea that bo#DRH oxidase acitivy as well as protease

enzymes are required for effective microbial kigligGegal, 2005).

1.4.9 Neutrophil Priming

Some inflammatory mediators prime neutrophils farhanced anti-microbial function
(Ferrante, 2005). A broad array of inflammatorydmnaéors, including chemotactic factors,
endotoxin, cytokines, and certain lipids, can pritme neutrophil, and the primed state exists
with respect to each of the major aspects of nphtréunction (Ferrante, 2005; Densenal,
1995). Primed neutrophils generate enhanced lefeteactive oxidants and have higher
levels of degranulation and greater phagocyticvagt{Ferranteet al, 1993; Ferrantet al,
1994). For example, the expression of cell-surfaocéecules, such as CR3 and cytochrome
b, is very low in neutrophils found in blood, bhtst expression is rapidly up-regulated during
priming e.g. by N-formyl-L-methionyl-L-leucyl-L-phg/lalanine (fMLP), GM-CSF (Edwards,

1994) and TNF (Onnheiret al, 2008).
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Moreover, the priming effect of GM-CSF further comfed by its effect of enhanced
neutrophil respiratory burst partially involves tphbosphorylation of p4’*7°X (Dang et al,
1999). This effect is only observed with GM-CSH ot with fMLP or PMA. The
priming effect of TNF has also been studied angrines neutrophil mediated cartilage
damage depending on the cell-cartilage contact @dw and Ferrante, 1996). Moreover,
neutrophils primed with TNF and later challengedhw?GE were found to show reduced
superoxide production measured via chemilumines€hicet al, 1996). However, when
challenged with fMLP, an enhanced response occu#Zbdnget al, 1992; Ferrantet al,
1992) and this similar result was also observedN# primed neutrophil response towards
fMLP so to enhance oxidative burst (Elbehal, 1994). Other groups have also found that
the priming of neutrophils by TNF occurs througls ip55 receptor inducing the

phosphorylation of p47°* a key element of the NADPH oxidase (Dewasl, 2003).

1.5 Chemoattractant receptors

Chemokines are small heparin binding proteins theg¢ct the migration of circulating

leukocytes to sites of inflammation, and functiaa activating specific G protein-coupled
receptors (Lukacs and Harrison, 2007). There amgenthan 50 human chemokines
described. These can be divided into three maarilies based on their structure and

functional characteristics.

First and foremost is the CC chemokines which etttraononuclear cells found at sites of
chronic inflammation (Charo and Taubman, 2004; logkand Harrison, 2007). The most
characterised one is MCP-1 (CCL2), an agonist fonoeytes, T cells and basophils that

plays a role in the recruitment of these cells (€&joni et al, 1995; Mackay, 1996; Webet
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al.,, 1996). Other members of the family include prteaegulated on activation, normal T
cell expressed and secreted (RANTES or CCL-5), apdcrge inflammatory proteinzl
(MIP-1a) (CCL3), and MIP-B (CCL4) which are involved in the recruitment of mocytes,
activation of T cells and mediate neutrophil migmat(Charo and Taubman, 2004; Didedr
al., 1999; Ramoset al, 2005). The second family of chemokines is theCCkamily
including IL-8 (CXCLS8), which is an attractant faeutrophils, usually stored in granules of
resting neutrophils and increases significantlyrupmulation (Pellmet al, 2006). IL-8 is
involved in acute pulmonary inflammation and knownactivate monocytes (Charo and
Taubman, 2004; Baggiolinet al, 1997). The third family is represented by the 3CX
family with one member, fractalkine (FK)(CX3CL1) t@o and Taubman, 2004).
Fractalkine is a type 1 transmembrane protein dctd as a cell-adhesion receptor to arrest

cells under physiological flow conditions (Hasketlal, 1999).

Other cellular mediators include chemoattractamis are activated and released at the site of
infection such as fMLP, C5a and LTB They also act as key factors in neutrophil ntigra
and activation (Burg and Pillinger, 2001). Eacherbattractant has its own specific
seven-transmembrane domain, heterotrimeric G prawipled receptors (Burg and Pillinger,
2001; Karlsson and Dahlgren, 2002), e.g the adtimahediated by fMLP via formyl peptide
receptor (FPR) (Bylunet al, 2003), C5a via Cb5a receptor (Karlsson and Dah|g2€02)
and LTB, via LTB, receptor (Schultet al, 1991). The engagement of the receptors result in
G protein activation followed by the dissociatiohtbe o from the By G protein subunits
which are important for phospholipase C, phosplhtidsitol-3 kinase (PI-3 kinase) and
adenyl cyclase activation (Burg and Pillinger, 20B¢lund et al, 2003) . Phospholipase C
can then hydrolyse membrane phospholipids resuliimgthe formation of inositol

trisphosphate (IP3) and diacylglycerol (DAG) and thlease of arachidonic acid (AA) (Burg
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and Pillinger, 2001). IP3 also induces’Ceelease from intracellular stores (Byluatal,

2003), which in conjunction with DAG lead to PKQtigation. (Burg and Pillinger, 2001).

1.6 Cytokines and cytokine receptors

Cytokines are inflammatory mediators produced duyrinflammation and are produced
following the stimulation of cells by a wide rangé agents including LPS, cytokines,
phagocytic particles, microorganisms, chemotac#ctdrs, LTB, PAF, prostaglandin E2
(PGE2) and complement C5a (Ethuin and Chollet-Ma&005). They are produced mainly
by lymphocytes and macrophages. While neutrophége been shown to produce low
amounts of cytokines, they can still modulate T 8ncells as well as APC function. Some
of the well studied cytokines includes TNF4L-1, IL-6, IL-12, IFN-u, IL-4, IL-8, TGF{,
G-CSF, M-CSF, MCP-1 and MIP-2 (Ferrante, 2005). esSkh cytokines act via well
characterised cell surface receptors to induceporese to inflammation. The production of
various cytokines by neutrophils depends on thaudtis the cell encounters such as bacteria,
fungi, viruses, fMLP, LTB PAF, C5a and cytokines themselves can also stteuakeutrophils
(Ferrante, 2005). While the release of IL-8 is\wndo be important in neutrophil migration
as well as recruiting T lymphocytes and basoplolghie site of infection, MIP-1 is also
known for its potent chemotactic properties for moytes and T lymphocytes (Ferrante,

2005).

Neutrophils produce the pryogenic cytokines TNF Andl and this may be one way in which
the cells play a role in pathogenesis. TNF is poed by a number of cell types and is a
potent mediator of host response to injury, inflastion, immunity and repair. Cellular

responses such as adherence, superoxide prodyatiagocytosis, degranulation and efflux
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of chloride ions are usually initiated followingt@maction of either or both TNFRI (55 kDa)
and TNFRII (75 kDa) with the cytokine (Gasparetial, 2003; Ethuin and Chollet-Martin,
2005). TNF receptors are made up of 10 differeahsgmembrane glycoproteins with
cytokine-rich repeats in the extracellular regi@ryss, 1996). It is understood that the
expression of these receptors decreases via slgeddien neutrophils are exposed to
inducing agents such as TNF, fMLP, PMA, A23187 ¢orim and GM-CSF (Dret al, 2000).
Moreover, TNF is also found to enhance neutroptiilesion molecule VCAM-1 which is in
turn regulated by mitogen activated protein kinagpBAPKs) and NF«B signalling
molecules (Leeet al, 2008). Under resting conditions, the amount biFTexpressed is
minimal, however following cellular activation, thevel of mRNA increases as well as the

expression of TNF.

IL-1 is known to be produced in various cell typeJhe IL-1 family consists of 11 members
of which IL-1a, IL-1B and IL-1 receptor antagonists (IL-1Ra) are the tmogestigated
molecules. IL-1, unlike other cytokines exerts @ffect both at the receptor level and
intracellularly upon binding to IL-1 receptors (@nello, 2009). Other important actions of
IL-1 are the induction of the production of prosdtemlin E, activation of collagenase, and
phospholipase Aas well as enhancing adherence of neutrophilspoyeas and lymphocytes
(Ferranteet al, 2005). It is also known to prime neutrophils &or increase in antimicrobial
activity and the production of IL-1drcan regulate the effect of IL-1 on neutrophilsr(&ete,

2005).
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1.7 Inflammation and fatty acids

The immunomodulatory properties of short, mediurd bomg carbon chain fatty acids have
been widely reported. They modulate neutrophilsnotytes and lymphocytes responses by
either inhibiting or stimulating the production oftokines, chemokines, growth factors,
reactive oxygen species and antibodies at non-toxncentrations (Martins de Linet al,
2007; Calder, 1993; Caldest al, 2002). Studies on the toxicity of these fattydacon
Jurkat (T lymphocytes) and Raji (B lymphocytes)l digles have found that carbon chain
length and number of double bonds plays an impbrtde in cytotoxicity (Limaet al, 2002).

An increase in the number of carbons and doublé$oesulted in a increased toxicity (Table
1.4) (Limaet al, 2002). This finding was in contrast to thosehwl?774 cells (macrophage
cell line) where a difference in double bond did mesult in a concentration dependent
cytotoxicity (Table 1.4) (Martins de Limet al, 2006). This illustrates that the effects of these

fatty acids may differ substaintially dependingaafl and tissue type.

Martins de Limaet al., (2006) have also found that high concentrationgat/ acids can
mediate macrophage cell death, mainly due to necrod he mechanism of this was thought
to be through the changes in cell mitochondriahdraembrane potential and intracellular
neutral lipid accumulation (Martins de Line al, 2006). One of the major action of these
fatty acids is by activating directly or indirectigtracellular signalling molecules including
protein kinase C, mitogen activated protein kinptmspholipase Aand phosphatidyinositol
3 (Ferranteet al, 2005). Fatty acids, in particular long chaintyfaacids, inhibit T
lymphocytes bothn vitro andin vivo (Calder, 1993). The ability of long chain fattyigecto
down-regulate Th1l cell cytokine production in choomflammation has also been reported

(Calderet al, 2002).
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The importance of fatty acid chain length was d®md in the ability of fatty acids to alter
neutrophil function (Ferrantet al, 2005). Several studies have reported that fattgs,
depending on their chain length, can mediate nphitr@ell death through reactive oxygen
species (Milleret al, 2005; Tedelincet al, 2007; Wanteret al, 2000b). This similar effect
was also observed on human neutrophil migrationnfé/eet al, 2000b). Short chain fatty
acids such as acetate, propionate, butyrate weawadfdo inhibit LPS-induced TNE-
production but not IL-8 in neutrophils and inhiltiie activation of the NkB pathway
(Tedelind et al, 2007). Furthermore, butyrate was also foundnwrease ICAM-1 and
E-selectin expression but not on VCAM-1 and HLA-BRa concentration of 2.5 to 5 mM
(Miller et al, 2005). Short chain fatty acids (6 carbons t@di®ons) were found to have no
effect on oxygen radical production by neutroplitenpared to the stimulatory effect of
medium-long chain fatty acids (12 carbons to 20bgas) at a concentration of 1 mM
(Wantenet al, 2002; Ferrantet al, 2005).  Studies on other longer chain fatty ei@dch
as palmitic acid, stearic acid, oleic acid (OA)noleic acid, arachidonic acid (AA),
docosahexaenoic acid (DHA) and eicosapentaenaic(&A) have been found to stimulate
nitric oxide production at low concentrations oLQ4M and inhibit at higher concentrations

(50-200 uM) (de Limaet al, 2006).

Omega 3 polyunsaturated fatty acids are used am#ammatory supplements, especially in
patients with rheumatoid arthritis, systemic lumrgthematosus, multiple sclerosis and in
cardiovascular diseases (Cal@¢ral, 2002; Simopoulos, 2002). Some of the benefamfr
such supplements are due to DHA and EPA decredbmdevels of highly inflammatory
eiconoids derived from AA and may be useful to Iowee usage of anti-inflammatory drugs

(Simopoulos, 2002).
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1.8 Anti-malarials as anti-inflammatory agents

Developing appropriate anti-inflammatory agents agm® a major challenge. Presently
available agents have targeted mainly enzymes, @eips coupled receptors, nuclear
hormone receptors, cytokines, cytokine receptorsl aell adhesion molecules and
co-stimulatory molecules (Simmons, 2006). A sunyrarthe specific anti-inflammatory

targets is presented in Table 1.5.

Although a wide range of anti-inflammatory agentsvdn been developed, the quest for
effective drugs to treat chronic inflammatory cdimtis continues. Due to the broad usage
of the present therapies, they are highly toxic asdociated with significant side effects
(Norman and Hickey, 2005).

Current treatments for inflammatory diseases havgely focused on trying to interrupt the
synthesis of mediators that drive the host’'s respowuring injury. These include
non-steroidal anti-inflammatory agents, steroidscgcorticoids and anti-histamines (Gaestel

et al, 2009; Gilroyet al, 2004).

More recently, treatments for chronic inflammatdryeases have been based on the inhibition
of mediators that promote acute inflammation (Giled al, 2004; Ulbrichet al, 2003) as
well as the development of small molecular inhitgtof protein kinases in both acute and

chronic inflammation (Gaestel al, 2009).
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Table 1.4 Maximum concentration of fatty acid tated by human cell lines, Jurkat
(T-lymphocyte), Raji (B-lymphocyte) and J774 (mairages).

Fatty acids Jurkat Raji J774
Propionic C3:0 >1 mM >1 mM ND
Butyric C4:0 800 uMm 700 uM ND
Caproic C6:0 >1 mM >1 mM ND
Caprylic C8:0 >1 mM >1 mM ND
Capric C10:0 400 uM 400 uM ND
Lauric C12:0 200 uM 200 uM ND
Myristic C14:0 150 uM 150 uM ND
Palmitic C16:0 50 uM 100 uM 70 uM
Palmitoleic C16:1 100 pM 100 uM ND
Stearic C18:0 50 uM 50 uM 70 uM
Oleic C18:1 250 UM 250 UM 100 pM
Elaidic C18:1 300 puM 400 uM ND
Vacenic C18:2 200 pM 150 uM ND
Linoleic C18:2 100 uM 100 uM 150 uM
yLinolenic C18:3 50 uM 50 uM ND
Arachidonic C20:4 50 uM 25 uM 150 uM
Eicosapentaenoic C20:5 50 uM 25 uM 150 uM
Docosahexaenoic C22:6 50 uM 25 uM 150 uM

Adapted from Limaet al., (2002) and Martins de Limat al., (2006).

experiment not done.

Abbreviation- ND-

63



However, the limitation of these therapies are ewidsince they also inhibit essential
physiological processes, resulting in side effemtseven leaving the patient susceptible to

opportunistic infection (Gilroet al, 2004).

The usage of anti-malarials as immunosuppressiien@nobial agents dates back to
centuries with case studies reporting the effedtsthese anti-malarials in the 1940s
(Meyer-Rohn, 1972; Randrianarivelojosa al, 2009). These have been widely used for
therapeutic purposes in inflammatory diseases dsul serve as a tool for examination of
mechanisms of immunological functions (Thong anddse, 1978, 1980). Of the various
anti-malarial drugs developed, those with a 4-awmpimooline structure such as amodiaquine,
primaquine, quinine, mefloquine, CQ and HCQ havenbf®und to have anti-inflammatory
properties. However only CQ and HCQ have beenesstal in the treatment of rheumatic
conditions (Jones and Jayson, 1984). Summarig¢keokffects of 4-aminoquinoline base
compounds on leukocytes responses can be foundalme T1.6. While the different
compounds exert their effects differently, it isdant that quinine, melfoquine, CQ and HCQ
showed the most promising effects as an anti-infh@tory agent and only CQ and HCQ were

found to be more effective at a lower concentratiat is applicable to clinical application.

64



Table 1.5 Summary of anti-inflammatory targets.

Target class Specific targets

Enzymes COX-1and 2
IMPDH
Capase 3

G protein coupled receptors CysLT1
H1l

Nuclear hormone receptors Corticosteroids

Cytokines and cytokines receptors TNF-o and TNFRII
IL-1B and IL-1RA
IL-2 and IL-2R
IFN-a
IFN-B1
IFN-y

Cell interaction molecules LFA and CD11a
(adhesion and co-stimulatory molecules) CD2 and LFA-3
VLA-4 and CD49d
CTLAsand Ig

Adapted from Simmons (2006) with modifications. Adaations-IMPDH-
inosine monophosphate dehydrogenase, LFA-leukodytectional antigen,

VLA-very late antigen and CTLA- cytotoxic T lymphgie-associated antigen.



Table 1.6 Summary of effects of quinoline basedmanmds on neutrophil functions.

Neutrophil

functions

CQ

HCQ

Amodiaquine Quinine Melfoquine

References

Chemotaxis

Adherence

Respiratory

burst

Degranulation

MPO activity

Phagocytosis

ND

ND

ND

ND

ND

ND

ND

VIX

ND

ND

VIX

VIX

ND

(Ferranteet al,
1986; Labro and
Babin-Chevaye,
1988; Kharazmet
al., 1983)
(Ferranteet al,
1986)
(Ferranteet al,
1986; Hurstet al,
1987; Neakt al,
1987; Kharazmet
al., 1983; Labro
and
Babin-Chevaye,
1988)
(Nealet al, 1987;
Bates and Ferrante,
1988; Ferrantet
al., 1986)
(Labro and
Babin-Chevaye,
1988; Ferrantet
al., 1986)
(Labro and
Babin-Chevaye,
1988; Jones and
Jayson, 1984)

Abbreviation: ND-not doney-inhibition observed, X-no inhibition
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1.8.1 Chloroquine

CQ is a 4-aminoquinoline anti-malarial that consaen 7-chloroquinoline-substituted ring
system with a flexible pentadiamino side chain (Féy1.6A). These compounds can be
readily synthesised, are inexpensive to producel are generally well tolerated with
acceptable toxicity profiles for treatment of acuméections (O'Neillet al, 1998). The
medication is available in tablets of 125 mg or 26 as chloroquine phosphate and is
known to have potent blood schizonticide activéffjective against the erythrocytic forms of
all strains ofPlasmodia,and has also been useful in the treatment of rh&ich arthritis,
systemic lupus erythematosus and various dermatalogliiseases (Adamst al, 1983;
Isaacsoret al, 1982). Moreover the anti-HIV1 effect of CQ hdsoabeen reported where it

suppresses HIV-1 replication in T cell lines (Tetal, 1990).

CQ is a weak base which tends to accumulate doevplthgradient so that its presence in the
parasite is 10,000 times greater than in the reddtell (O'Neillet al, 1998). The weak
base effects of CQ on parasite vesicular pH anitdaability to concentrate in the parasite,
facilitates the killing ofPlasmodiumand limiting undesirable side effects (Schlesingfeal,
1988). The action of CQ is limited to the stagkthe parasite that are actively involved in
haemoglobin degradation (O'Neét al, 1998). Moreover, it has been found that although
CQ highly concentrates within acidic compartmerits, site of action is extralysosomal

(Weberet al, 2002).
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1.8.1.1 Effects of CQ on neutrophils

The effects of CQ on neutrophil functions have begtensivly documented. It has been
reported by Raghoebat al., (1986) that neutrophils accumulate CQ to a greatéznt than
mononuclear cells due to the large numbers of @oilganelles present in neutrophils,
reaching a steady state after 60 min at 37 °C (Belgdret al, 1986). In vitro treatment of
neutrophils with high concentrations (194 uM) of @@ not result in cell death (Frenehal,
1987; Labro and Babin-Chevaye, 1988) but exertembracentration dependant inhibitory
effect on neutrophil chemotaxis (Kharazetial, 1983; Ferrantet al, 1986) (Table 1.6).
The ability of CQ to inhibit neutrophil functionsas further confirmed by showing that it
inhibited phagocytosis of zymosan particles (Joreexd Jayson, 1984; Labro and
Babin-Chevaye, 1988) as well as superoxide produétiduced by fMLP and PMA (Hurst

al., 1987).

One study examining the inhibitory effect of CQ eunperoxide production induced by
opsonised zymosan, found that it does not act orRlMxxpression (an epitope on CR3)
suggesting that it does not inhibit surface reaeptxpression (Hurstt al, 1988). With
further findings suggesting that it inhibits PMAlirced superoxide production in neutrophils
(Hurstet al, 1988). Therefore, it has been proposed thatraplone inhibits activation of
the PKC signalling pathway by either competing ttee membrane phospholipid regulatory
site of PKC, thereby reducing availability of thessential cofactor or it impairs the
recruitment of components of the NADPH oxidase frepecific granules to the cell

membrane (Hurstt al, 1988).
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1.8.1.2 Effect of CQ on monocytes/macrophages

CQ markedly inhibits LPS-induced synthesis andasdeof pro-inflammatory cytokines such
as TNFe, IL-1B, and IL-6 in human macrophages (Karres al, 1998). This
down-regulatory effect on cytokine production oscat the transcriptional level and may be
caused by disturbance of the signalling throughvibak base property of CQ (Karresal,
1998). Another finding suggested that the effecC&f on TNF production in RAW 264.7
murine macrophages occurred at the pro-TNF lemklbiting the maturation of pro-TNF into
the mature 17 kDA TNF, namely at the post-transfeti step (Jeong and Jue, 1997). In the
same study, it was found that treating macrophagisCQ (150 uM) at -2, 0 and 2 h before
or after LPS challenge resulted in an inhibition ®NF (Jeong and Jue, 1997). The
mechanism of the inhibitory effect of CQ on IB-Bnd IL-6 production in macrophages
stimulated with LPS is different from that of TNF that it reduces the levels of Il3-Jand

IL-6 mRNA by decreasing their stability (i.e. acaelting its decay) (Jareg al, 2006).

Apart from the inhibitory effect of CQ seen on ditee production, Ziegler and Unanue,
(1982) suggested that CQ also altered macrophaggearandling events as observed by its
inhibition of Listeria uptake by macrophages treated with CQ 30 min piot.isteria
encounter. A lesser effect was seen if CQ was dgast bacterial interaction. CQ was
also found to inhibit calcium release from macraghantracellular stores by blocking inositol
trisphosphate (IP3) from binding to its receptoriqid et al, 1997). In purified mouse
macrophages treatment with CQ inhibited the reledssrachidonic acid and generation of
the eicosanoid PGE2 production induced followingnstation with PMA (Bondeson and

Sundler, 1998).
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1.8.1.3 Effect of CQ on lymphocyte responses

The effect of CQ on lymphocyte proliferation haebereviously investigated. The drugs
inhibit  both  antigen-(tetanus  toxoid-TT or  parapylenediamine-PPD) and
mitogen-(phytohaemagglutinin-PHA) induced lymphecyroliferation in a dose dependent
manner with Eg values of 6.9, 11.6 and 20.8 uM respectively (Fasgoet al, 2002) .
The greater inhibitory activity of CQ on TT is liketo be due to an effect on APCs and the
requirement to process antigen through the lysobqathway, a target for CQ due to the
lysosomotropic effects of the drug (Hugossen al, 2002). Moreover, its weak base
properties are likely to contribute to the inhibitiof T cell proliferation and IL-2 production

(Landeweet al, 1995).

Morphological studies of the effects of CQ on lyrapyites suggested that it induces a dose
dependent increase of autophagosomes, affectiniggbsomal function which contributes to
the immunosuppressive properties of CQ (Jones agsod, 1984). As a lysosomotropic
agent, it also affects lysosomal acidification,ufésg in a decrease of the invariant chain
dissociation from the MHC Il molecule (Blum and €swell, 1988). The inhibition of
endosomal antigen processing of exogenous probgi®XQ is thought to be due to the raising

of intralysosomal pH and inhibiting the respons€®4" T cells (Kalish and Koujak, 2004).
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Figure 1.6 Chemical structure of CQ (A) and HCQ (B) Adapted from Egaet al, (2000).
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1.8.2  Hydroxychloroquine

HCQ is an amphiphilic drug prepared via beta hyglation of chloroquine (i.e. introduction
of a hydroxyl group into one of the N-ethyl grougdschloroquine) (Figure 1.6B) (O'Neidt

al., 1998). The hydroxyl function group is thoughtremluce the toxicity by introducing a
readily available functionality that could undergluccoronidation and thus detoxification
and excretion (O'Neilet al, 1998). HCQ has been proven to be three timesttesc than
chloroquine in animal models of gross toxicity authieves higher blood levels after a single
oral dose (O'Neillet al, 1998). This drug is used in the treatment ofama) rheumatoid
arthritis, and systemic lupus erythematosus, amh ihe market under the name of Plaquenil
(Sanofi Pharmaceuticals, New York) (Marquardt atigeftson, 2001). The drug is available

as tablets of 200 mg of HCQ phosphate each contaith5 mg of HCQ.

1.8.2.1 Effect of HCQ on neutrophils

Although not as extensively studied as chloroquth€Q has been shown to affect leukocyte
function. Hurstet al, (1987) found that there was a dose dependent ifiumbof
fMLP-stimulated neutrophil superoxide production BICQ. It caused no effect on
fMLP-receptor binding and was proposed that HCQbitd fMLP stimulated hydrolysis of
phosphioinositides thus inhibiting the productioh MADPH which is important for
superoxide production (Table 1.6). The drug ireithi neutrophil superoxide production
induced by opsonised zymosan particles as welhaisihnduced by PMA and fluoride, with
maximum of 40 to 50 % inhibition at 1QOM (Hurstet al, 1988). HCQ has no effect on the

expression of CR3 on neutrophil surfaces, simdaC@.

72



1.8.2.2 Effect of HCQ on monocytes/macrophages and T lymploytes

HCQ is found to cause inhibition of ILeland IL-6 in monocytes stimulated by LPS at a
post-transcriptional level by either inhibiting theanslation of the two cytokines or by
altering the enzymes involved in the process (Spegbal, 1993). In contrast, it has no
effect on TNF production by monocytes and no eftetilL-2, IL-4 and IFNy production in

T cells (Sperbeet al, 1993). HCQ was also found to inhibit the releate@rachidonate
induced by zymosan in murine macrophages suggestireffect on phospholipase C, similar

to the effects of CQ (Bondeson and Sundler, 1998).

1.8.3 Clinical use of anti-malarials in inflammatory diseases

CQ and HCQ are widely used in the treatment of mregoid arthritis and systemic lupus
erythematosus (Chest al, 2005). The mechanisms of action of these tw@slhas been
linked to their ability to alkalinise macrophagesdgomes (Poole and Ohkuma, 1981),
stabilise lysosomal membranes, inhibit receptoryckng, inhibit phospholipase A
(Bondeson and Sundler, 1998) and inhibit leuko&itarmation from human and guinea pig
lung tissue (Kenclet al, 1985). While the above studies investigatedntteehanisms by
which these drugs exert their inhibitory effecteme results have been contradictory and

require further studies to resolve the findings.
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1.8.3.1 Drug metabolism and toxicity of CQ and HCQ

CQ is highly lipophilic with a diacidic base andcamulates within the acidic compartments
of the cell leading to an increase in lysosomal péhce, it exerts toxic effects at high doses
(O'Neill et al, 1998). The drug diffuses through the plasma mambrand preferentially
concentrates in acidic cytoplasmic vesicles whigfluence cell endocytosis, exocytosis,
phagocytosis, antigen presentation and iron metho(Chenet al, 2005). Also, oral
administration of therapeutic doses of CQ may cassehosis, delirium, personality changes,
and depression. There is ganglio-side storage®inGhe nervous tissue (Chenhal, 2005).
Clinical symptoms of chloroquine toxicity range rfiareversible cardiac muscle damage to
irreversible retinopathy (Jaeget al, 1987). The toxicity associated with CQ occur$ no
only because of its accumulation but due to itg4balf life and high plasma concentrations
(O'Neill et al, 1998). It has been estimated that retinal tbxiotcurs in approximately 10
to 20 % of patients who receive CQ therapy andaif3 6 of patients who receive HCQ
therapy (Finbloomet al, 1985). Cases of CQ overdoses usually resulteiios rapid
symptoms seen within 30 min and death within 1 to 8f ingestion due to cardiac arrest
(Marquardt and Albertson, 2001). Oral administmatiof CQ usually results in a rapid
absorption from the gastrointestinal tract to theod with a high bioavailability of between
80 and 90 % (Cheat al, 2005). The metabolic degradation of CQ investigdiy others has
confirmed that CQ undergoes degradation and oxidizaand only a small fraction of the
drug is secreted as carboxylic acid (McCheseiegl, 1966). The metabolic degradation of

CQin vivois outlined in Figure 1. 7.
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HCQ has been reported as a drug with a low marggafety and a mortality rate in overdose
studies from adults ranging from 10-30 % with syomp$ observed between 30 min to 4.5 h
after ingestion (Marquardt and Albertson, 2001)om$ clinical symptoms reported include
drowsiness, dizziness and visual disturbances taurss, apnea, arrhythmias, and
hypotension (Marquardt and Albertson, 2001). Tinegdmainly accumulates in tissues,
especially the liver and has a half-life of appmately 8 weeks (Tempranet al, 2005).
The biotransformation of HCQ differs from CQ only that it produces two first-stage

metabolites instead of one (McChesney, 1983).

Extracellularly, CQ/HCQ are present in a protondtath and are incapable of crossing the
plasma membrane (Savariebal, 2003). However, their non-protonated portion eater
the intracellular compartment and become protondkediefore enabling accumulation within
acidic organelles such as the endosome, golgi lessiand the lysosomes (Savarieioal,

2003).

Studies in human volunteers revealed differencesxoretion of CQ and HCQ, while three
times as much CQ (18 %) appeared in urine compaitkdfaeces (8 %), three times more
HCQ was found in faeces (24 %) than urine (6 %NED et al, 1998). This reflects the
differences in metabolism between CQ and HCQ (AU'Nsti al, 1998). Results from
previous research on the effects of these two dnage concluded that 400 mg of HCQ is
safer than 250 mg of CQ (Rynes, 1997), but degp#einfluences of both CQ and HCQ,

these two drugs have the potential to cause setoousty issues.
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1.9 Aims and hypothesis

Our group has previously been interested in theimffemmatory properties of quinoline
compounds commonly used as anti-malarial agentbis ihcludes quinine, chloroquine,
mefloquine and primaquine. One of the activitiéshese compounds was found to inhibit
neutrophil function, a component of acute inflamoratand also chronic inflammation
(Bennaet al, 1991). While patients with certain inflammataligorders such as rheumatoid
arthritis have been shown to benefit from the C@vdéve, HCQ, it has remained of limited
use in the treatment of these diseases. Schetrbkl(1958) reported that the use of CQ and
HCQ resulted in neuromuscular reactions; blurrirfgvision, throbbing and unilateral
headaches; gastrointestinal reactions; nauseagxapvomiting, bloating, abdominal cramps,
heartburn and loss in weight and dermatologic reast dryness of the skin, itching, urticaria,
morbilliform eruptions, increased pigmentation agdhying or bleaching of the hair.
Moreover, neuromyotoxicity (Steiet al, 2000), cardiac toxicity (Veinoet al, 1998),
retinopathy (Browning, 2002) and fetal abnormaditi@emprancet al, 2005) have also been

reported in patients administering either CQ or HE@ long term treatment regime.

1.9.1 Hypothesis

By adding a fatty acid to the side chain of thengline group, structural elements are
generated which lead to the development of anf&mmmatory agents with selectivity for
immune cells activation pathway targets. Furtheamactivity of the newly synthesised

compounds would be related to specific structueahents of the fatty acid side chain.
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1.9.2 Aims

1.9.2.1 General

To attempt to identify a new class of anti-inflamorgt agents based on a quinoline structural

element.

1.9.2.2 Specific

To synthesise a series of quinoline based compohedsng fatty acids of different carbon
length on the side chain (NT compound).

To examine the effects of the NT compounds on oetil functions of adherence,
chemotaxis, respiratory burst and cytokine proauncti

To study the effects of the compounds on lymphoayig macrophage responses.

To compare their activity with that of CQ and HCQ.

To examine whether any effects are related to resginduced by specific cell agonists.

To try to understand the bases for any effectsethbyg the NT compounds.

To determine whether key NT compounds havevivo efficacy in inflammatory mouse

models.
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2.0 CHAPTER 2 M ATERIAL AND METHODS
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2.1 Reagents, biochemicals and antibodies

Ficoll 400, percoll and lymphoprep were obtainednfr Pharmacia Biotech (Uppsala,
Sweden). Lucigenin and dimethyl sulphoxide (DM®@)e from Merck KGaA (Darmstadt,
Germany). Modified-Wright Giemsa were obtainednfrddema-Tek Stain Pak (Bayer,
USA), and mounting medium from Surgipath (Victorfeystralia). Roswell Park Memorial
Institute (RPMI-1640), hanks balanced salt soluHBSS) and foetal bovine serum (FBS)
and L-glutamine were from JRH Biosciences (LeneX&, USA). Lauric acid (LA),
chloroquine (CQ), hydroxychloroquine (HCQ), aracmat acid (AA), leukotriene B(LTB,),
A23187, interleukin 8 (IL-8), complement 5a (C5BEPES, pyridoxal phosphate (PyrP),
palmitoyl co-enzyme A (PCoA), L-serine, bis-nitrgolyl phosphate (NBPP), magnesium
(Mg?"), ATP, B-mercaptoethanol, trypan blue, folin and ciocalteahenol reagent, fMLP,
PMA, sodium diatrizoate, formaldehyde and rose bemgre from Sigma, Aldrich Pty. Ltd,
(Sydney, Australia). Angiografin was obtained frdathering AG (Berlin, Germany).
GM-CSF and TNFe were purchased from Prospec-Tany Technogene (Rdhovot, Israel).
Ammonia solution was from AJAX chemical (NSW, Awgia). Penicillin/streptomycin was
from Commonwealth Serum Laboratories (CSL) (Viaorustralia). Isoton Il and bovine
serum albumin (BSA) were purchased from Beckman It€ou(Fullerton, CA).
Phytohaemagglutinin (PHA) was purchased from Muiwgnostics (Dartford, U.K).
Tetanus Toxoid was from Calbiochem (Darmstadt, Gayh Anti-CD3 and anti-CD28
antibodies were purchased from eBioscience (Samgd)i€A). Anti-mouse Igg (HRP
conjugated) and PE-labelled mouse anti-human CRhlibody were from Becton Dickinson
(San Jose, CA). Anti-mouse lgGFITC), FITC-labelled mouse anti-human anti-CD120a
and anti-CD120b were purchased from Monosan (Utetherland). Fatty acid chlorides

were purchased from Nu Chek Prep (Elysan, Minngsota
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2.2 Chemical experimental sections

Experimental sections described in 2.2, 2.3 andn&¢e carried out by the organic chemist,
Dr. Neil Trout. Melting points were determined @®Buchi melting point apparatus in sealed
glass capillaries and are uncorrected. Nuclearnetag resonance (NMR) spectra were
recorded on a Varian Gemini-300 MHz spectrometataAlto, CA). The probe temperature
of the instrument was 2952 K. All *H and**C NMR spectra were recorded in deuterated
chloroform (CDC}) as solvent at 300 and 75 MHz, respectively, withoroform (CHCY})
(7.26 ppm) for'H and CDC} (77.0 ppm) for®*C as the internal reference. Analytical
thin-layer chromatography (TLC) was performed olicaigel plates and visualized with
ultraviolet (UV) absorbance. Solvents and reagest® obtained from commercial sources
and were used without purification, unless noteBeactions were carried out under an inert
atmosphere of nitrogen. Elemental analysis andpoamd purity were determined via

NMR performed by Monash University, Melbourne, Aaka.

2.3 Synthesis of base structure 4-amino-7-chloroquinaie (NTO)

Methods were followed as described previously (dgumtaet al, 1999). A mixture of 4,
7-dichloroquinoline (10 g, 0.05 mmol) and phend) 8 0.85 mol) were heated and stirred
together up to 145 °C under, Mhen anhydrous ammonia gas was bubbled into tli@o
for 10 min. The ammonia was stopped and the resulmixture heated further to 180 °C
(internal temperature), then the ammonia was rewadtared for 2 h. After this time, the
mixture was cooled slowly to room temperature taclwhether and water were added. The
ether mixture was washed with 15 % sodim hydroXitklaOH) solution (2 x 50 ml) followed

by water. The ether extracts were dried and evégar@ dryness to yield the crude amine.
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The residue was re-dissolved in diethyl ether (B80and washed with 2 M hydrochloride
(HCI) solution (2 x 100 ml). The aqueous layer wlaen basified with 15 % NaOH solution
and then re-extracted with ether, dried and remawedccuoto afford the pure-amine as an
off-white solid (5.20 g, 58 %), mp 147-148 °C, (18l849.5 °C). The compound was
characterised byH and **C NMR and all spectra agreed with those previoyslplished

(Vippaguntaet al, 1999). It was used without further purification.

2.4 Synthesis of 4-amino-7-chloroquinoline-fatty acid eanjugates (NT1-13)

To the above solution of amine in dry distilledrabtydrofuran (THF) (4 ml) containing a
spatula amount of oven dried®0O; or 1 equivalent of DBU under Mt 0 °C was added the
appropriate fatty acid chloride drop wise (2 eglewss). In order to generate a variety of
compounds of interest, different commercially aatalié fatty acid chlorides were added to the
above solution. These are detailed in Table 2.1After 5 min, the mixture was allowed to
warm up to room temperature and refluxed for 48ndem N. The reaction was then
qguenched with the slow addition of water and thetune extracted with C}Cl,. The organic
extracts were washed with NaHgGolution, dried, filtered and removed by rotary
evaporation to yield the crude product. The residas chromatographed on silica gel eluting
with 10-40 % ethyl acetate in hexane. Appropriaaetfons were taken and visualised on thin
layer chromatography (TLC) plates under UV light fdentification. The fractions were
evaporated to dryness and the identity of the cam@avas further confirmed Byd and**C

NMR.
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2.5 Preparation of NT compounds

The dry compound was dissolved in chloroform (1 rahd then transferred into a
pre-weighed glass tube. This was then dried umiktogen and the final weight was
determined. A stock solution was then preparechloroform including an ethanol working
stock of 20 mM. All stocks were then gased briefiyh nitrogen, the lid was sealed with
parafilm and stored in 4 °C. The compound wad@rrrdiluted either with RPMI or HBSS
prior to experiments to ensure so that the finalcemtration of ethanol in the solution did not

exceed 0.1 %.

2.6 Preparation of lauric acid

Chloroform stocks and an ethanol working stockanfric acid were prepared.  All stocks
were gased with nitrogen and the lid sealed wittafden and stored in 4 °C. A further
dilution from the ethanol stock was performed aitweéh RPMI or HBSS prior to adding to

cells, to ensure the final concentration of ethamahe solution did not exceed 0.1 %.

2.7 Preparation of CQ and HCQ

Working stocks of CQ and HCQ were prepared as pusly described (Webet al., 2002).

Briefly, CQ and HCQ stocks were prepared in HB®8, lid sealed with parafilm, and stored

in -70 °C until future usage.
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Table 2.1 List of substrates required for the sgsit of Quinoline-Fatty Acid conjugates.

Compounds Amount of Substrates Amount of
4-amino-7-chloroquinoline substrate
NT1 120 mg, 0.67 mmol Decanoyl chloride 200l
NT2 100 mg, 0.56 mmol Stearoyl chloride 4200
NT3 120 mg, 0.67 mmol Undecenoyl chloride 260
NT4 100 mg, 0.56 mmol Hexanoyl chloride 200l
(caproyl chloride)
NT5 100 mg, 0.56 mmol Butyroyl chloride 200l
(tetranoyl chloride)
NT6 120 mg, 0.67 mmol Octadecenoyl chloride (85%) 250yl
(oleoyl chloride)
NT7 115 mg, 0.65 mmol Propanoyl chloride 200
NT 110 mg, 0.62 mmol Dodecanoyl chloride 200l
(lauroyl chloride)
NT9 120 mg, 0.67 mmol Nonadecanoyl chloride A0o0
NT10 150 mg, 0.84 mmol Pivalolyl chloride 2pD
NT11 120 mg, 0.67 mmol Pentanoyl chloride 200l
(valeroyl chloride)
NT12 120 mg, 0.67 mmol Nonaoyl chloride 200
NT13 100 mg, 0.56 mmol 11-eicosenoyl chloride ab0

Complete chemical structure can be foun Chapter 3, Figure -14.
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2.8 Animals

Male BALB/c mice aged between 6-8 weeks with anraye weight of 20-25 g were
purchased from Adelaide University Animal Houseekade and Animal Resource Center,
Perth. The animals were housed in the Women'sGmttiren’s Hospital's animal house.
The study was approved by the CYWCH Animal Ethicem@ittee and the University of

Adelaide Animal Ethics Committee.

2.9 Isolation of human peripheral blood mononuclear cds and neutrophils.

Human mononuclear leukocytes and neutrophils wardigd from blood of healthy donors
by the rapid single step method as previously desdr(Ferrantest al, 1982). Briefly, 6 mi

of peripheral blood was layered onto 4 ml of Hypadjaoll medium containing 8 % Ficoll

400 and adjusted to a density of 1.114 by the moddf sodium diatrozoate and angiograffin.
The preparation was then centrifuged at 600 g fonfn to allow leukocytes to separate.
PBMCs were harvested from the top band and neutsoffom the lower band. The cells
were washed three times in RPMI-1640 for PBMCsiandBSS for neutrophils. The cells

were of > 98 % purity and > 99 % viability as juddey their ability to exclude trypan blue.

2.10 Preparation of TNF-rich medium (TNF-RM)

TNF-RM was prepared as previously described (Bateal, 1991). Briefly, PBMCs (20
mls of 4 x 16) in RPMI-1640 supplemented with L-glutamine (200/)n penicillin (100

U/ml) and streptomycin (100 pg/ml) were mixed incalture flask (Greiner Bio-One,
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Germany) with (20 mis of 2 x #pStaphylococcus aurey$S. aureusNCTC 6571, Oxford

strain) in RPMI-1640 supplemented with 5 % of hunieat inactivated AB serum. The
cells were then incubated at 37 °C with 5 %,G@ 24 h and the resultant TNF-RM was
obtained by centrifugation at 2600 g for 10 mirtefing through 0.20 pum pore filter
(Sartorius Stedium Biotech, Goettinger, Germanyg alquoted for storage at -70 °C until

further usage. The amount of TNF in this preparatvas 39 ng/ml.

2.11 Neutrophil function assays

A limitated number of key neutrophil functional pesses were used to assess the
immunomdulatory properties of the compounds, thasenote neutrophil accumulation at
infection sites (adherence and chemotaxis) andilmaickilling/tissue damage (generation of
oxygen derive reactive species and cytokine produictThese assays have been widely used
in our Laboratory and have both been standardineldpablished previously. They represent

internationally widely accepted assays for detemgimeutrophil functional responses.

2.11.1 Adherence assay

The adherence assay was carried out as describeysly (Batest al, 1993). Briefly, a

96 well flat bottom microtiter plate (Greiner Bion®, Germany) was coated with 250 ul of 10
% autologous plasma for 30 min at 37 °C/ 5 %,CiOllowed by washing three times with
HBSS. To 100 pl neutrophils (5 x %6ells), was added the stimulus (20 ul) and HBSS to
give a final volume of 200 ul and cells. Then tedls were allowed to adhere for either 30

min at 37 °C/ 5 % C®and unbound cells were removed by washing theswelice with
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HBSS (200 pl) The adhered cells were thaiained with 0.25 % Rose Bengal (w/v), a dye
that rapidly stains predominantly the cell nuclefes,5 min at room temperature (Feenstra
and Tseng, 1992).  Excess dye was then removeasblying three times with HBSS. The
dye was then released by adding 100 pul 50% etharRBS. Cell adhesion was determined
by the amount of dye present in each well. Thidasme by reading the plate at an
absorbance of 570 nm using a Dynatech MR5000 ptaider. Parallel wells were run in the
absence of neutrophils and results are expressedsaibtraction of absorbance values from

wells without neutrophils.

2.11.2 Chemotaxis

Neutrophil chemotaxis was measured using the uagarese method as described previously
(Ferranteet al, 1980). Briefly, equal volumes of agarose (1 %v)vand double strength
RPMI-1640 supplemented with 10 % heat-inactivat€® kvere mixed and allowed to set in
60 mm culture dish (Geriner Bio-One, Germany) aetd sf 3 wells were made. Then 5 pl
aliquots of fMLP (0.4 pM), neutrophils (2 x 30and 0.1 % DMSO (v/v) were added to the
outer, central and inner wells, respectively. @i was then incubated at 37 °C for 90 min
in a humidified atmosphere of 5 % €@ air. Neutrophil migration was measured frora th
edge of the central well to the cells leading fronigrating towards either the fMLP
(chemotaxis) or DMSO (random migration) containimgell under an inverted Leitz

microscope fitted with a grid eyepiece graticule.
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2.11.3 Chemiluminescence assay

Neutrophil superoxide production was assayed by someeg lucigenin (9, 9-bis
N-methyl-acridinium nitrate)-dependent chemilumiressce assay (Hiet al, 1999) via a
luminometer (Autolumat Plus LB 953, Berthold AuaaBundoora, Australia). This assay
had been shown privously to measure superoxide uptimh (Dahlgrenet al, 1985;
Gyllenhammar, 1987; Alvest al, 2003).  To 100 pl (1 x £pneutrophils was added the
stimulus (100ul), lucigenin (500ul of 250 uM) and HBSS to a total volume of 1 ml.heT
cells were placed in a luminometer and the reggiitilemiluminescence measured. Results

are expressed as peak chemiluminescence produdeds $pecified otherwise.

2.12 Analysis of cytokine and chemokine gene expressitny quantitative real-time PCR

2.12.1 Preparation of samples for RNA isolation

Neutrophils (1 ml of 1 x 19 were pretreated with various concentrations efabmpound (1
ml) for 1 h and then stimulated with 2 ml TNF (10Din the presence of autologous plasma
(200 wl) for 30 minutes at 37 °C/ 5 % GO After stimulation, samples were pelleted and

stored at -70 °C until RNA isolation.

2.12.2 Isolation of RNA

Total RNA was extracted from 1 x 1@eutrophils using the RNeasy Mini Kit according to
the manufacturer's instructions (Qiagen, Australid)e neutrophil samples were lysed and

homogenized in 60Ql RLT buffer supplement witlff-mercaptoethanol (10l/ml) to which
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ethanol (600ul of 70 %) was then added. The lysate ({0@ach time) was then loaded
onto the RNease Mini spin column, spun for 15 $ec&000 g. The RNA was washed once
in RW1 buffer (700ul-15 sec), twice with RPE (500l-15 sec followed by 2 min) and
transferred into a new collection tube to which Bé&ldree water (3@l) was added. The
purified RNA was then eluted by centrifugation fomin at > 8000 g and stored at —70 °C
until required for cDNA synthesis. Purity of the RNMamples was assessed by determining
the optical density at 260 nm and 280 nm expresseda ratio via UV/VIS SP8001

Spectrometer (Metertech, Taiwan).

2.12.3 Synthesis of cDNA (Reverse Transcription)

Single-stranded cDNA was synthesised from total RbtAated earlier using iScript cDNA
Synthesis Kit according to the manufacturer’s ungions (BioRad, NSW, Australia). A
master mixed was prepared containing iScript Readtlix (4 pl) which contains a unique
blend of oligo(dT) and random hexamer primers, i@cReverse Transcriptase which is
RNase H+ (1ul), RNA (1 pg) and RNA free distilled water up to a final volerof 20 pl.

cDNA was synthesized under the following conditia2s °C for 5 min, 42 °C for 30 min and

85 °C for 5 min.

Firstly, oligo(dT) primer containing additional seences at the 3’end anneals to the mRNA.
Reverse transcriptase then extends from the armthedigo(dT) primer along the mRNA
template until it reaches the 5’ end where the pr&@y terminal transferase activity attaches
several additional nucleotides onto the newly sgsitted strand of cDNA, ie. copying of the

MRNA sequence into the cDNA sequence. This raduitea single-strand cDNA that can
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then be converted into double-strand cDNA for carttion of cDNA libraries

2.12.4 Quantitative real-time PCR

Real time PCR was performed in the iCycler iQ™ 98lIWCR plate using iQ™ Sybr®
Green Supermix (BioRad, NSW, Australia) accordirg the manufacturer’s directions.
Primers for cytokines were initially designed usingitrogen Oligo Perfect Designer website
and then synthesized by Invitrogen (Carlsbad, CSAY (Table 2.2). The synthesised
cDNA was then amplified in duplicate in a PCR 9alvpéate (Bio-Rad, CA, USA). Each
well contained iQ SYBR Green supermix (1), cDNA (1 ul) and each specific primer pair
or the housekeeping gene glyceraldehyde-3-phospletgdrogenase (GAPDH) (500 nM).
The amplification conditions used were as follov@5 °C for 5 min, followed by 40 cycles of
95 °C for 30 s, 60 °C for 30 s and 72 °C s for 2d hold at 4 °C. A standard curve was also
performed in each run for the cDNA of the diluteshtol. All standard curves and data
were analysed using Bio-Rad iQ5 Standard Editior0M28.060623 (Bio-Rad, CA, USA).
Fold change values were calculated in whi€t = the Ct for cytokine gene minus the Ct of
the housekeeping gene, GAPDACt = theACt of stimulated cells at different concentration

minus theACt of unstimulated cells.
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Table 2.2 Primer sequences

Genes Forward primer (5'to 3) Reverse primer (5'to 3’)

GAPDH GAG TCAACG GATTTG GTC GT GACAAG CTT CCC GTT CTCAG
IL-103 TCATTG CTCAAGTGTCTGAAGC  TCCTGG AAG GAG CACTIC AT

IL-8 TCT GTGTGAAGG TGCAGTTTT G AAT TTCTGT GTT GGCTA GT

2.13 Regulation of 3-ketosphinganine synthase

2.13.1 Microsomal isolation

Microsomal isolation was performed as describediptsly (Williamset al, 1984). Briefly,
mice were first euthanized and liver (1-2 g) wasaeed and stored in ice-cold buffered
sucrose (1 g/ml) containing sucrose (0.25 M), RHGHbuffer (10 mM-pH 7.5) and EDTA (1
mM). Mouse liver was then washed 2-3 times withffdsed sucrose, minced, and
homogenized. The homogenized solution was thetifteged at 7300 g for 10 min at 4 °C.
Supernatant was collected and spun further at 000g0for 60 min at 4 °C. The resultant
supernatant was removed and the pellet contaimadecmicrosomes was re-suspended in
buffered sucrose (1 g/ml). Microsomes were therestat -70 °C and protein concentration

was determined by the Lowry’s protein determinatiogthod.
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2.13.2 Lowry’s protein determination

The amount of protein from microsomal isolation waeasured via Lowry's protein
determination. Protein standards were prepared ff@s each assay, by serially diluting 1
mg/ml BSA with HO, resulting in 6 standards (@, 3.125ug, 6.25ug, 12.5ug, 25ug, and
50 pg). Unknown samples were diluted 10x before besgpged. All standards and known
samples were assayed in @lOaliquots. To start the reaction, 150 of solution 1 [Lowry’s
solution (2 % NgCO;, 1 % SDS, 0.4 % NaOH, 0.16 % Na/K tartrate): CpSID0:1] was
added to all tubes and left to stand at room teatpex for 15min. Then 1fl of solution 2
(H20:Folin and Ciocalteau’s Phenol Reagent, 1:1) wdded. After 10 min at room
temperature, 18Ql from each tube was transferred to a 96 well péate the optical density
(OD) measured at 540 nm in a plate reader. The Oe protein standards was used to
create a standard curve from which the protein eomation of the unknown samples was

determined.

2.13.3 Serine palmitoyl transferase (SPT) assay

The enzyme substrate assay was performed as dabgibviously (Holleraret al, 1990;
Williams et al, 1984). Briefly, a reaction mix containing pyrigd phosphate (PyrP) (50
uM), palmitoyl-coenzyme A (PCoA) (150 pM), [ L-serine (1.0 mM-sp act
45,000-50,000 dpm/nmol) and microsomal proteinZB0-pg) was added to the assay buffer
(HEPES- 100 mM-pH 8.3 at 20 °C, DTT-5.0 mM and EBZA mM- pH 7.4) containing
either Md* (ImM), ATP (1mM), NBPP (1mM), NT8 (10@M) or diluent up to a final

volume of 100ul. The assay mix was then incubated for 10 miB87afC in a water bath
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with gentle shaking to initiate the reaction. tm@#d NH,OH (0.5 M-200ul) was added to
terminate the reaction, followed by the additioncbforoform-methanol solution (1:2) (15
ml), sphingosine base (25g) and NHOH (0.5 M-2 ml). The organic phase was then
obtained by centrifugation for 10 min at 600 g avakhing twice with deionized water (2 ml),
made basic with NFDH. The enzymatic activity was then quantitateahrfrthe organic
phase (50Qul) using a Beckman LS-1800 scintillation counted aasults werexpressed as
pmoles of 3-keto-sphinganine (3KDS) formed per pen mg of protein. Total SPT activity

was obtained by multiplying the specific activity the total protein.

2.14 Lymphoproliferation

Whole mononuclear cells or T lymphocytes (800f 5 x 10) were stimulated with various
stimuli at 37 °C / 5 % Cgfor either 2 or 5 days in a 96-well U-bottom plétenbro; Flow
Laboratories, Virginia, USA).  Six hours prior tarkesting uCi [methyt*H] thymidine (25
Ci/mmol; Amersham Life Sciences, Buckinghamshireygland) diluted in RPMI-1640
supplemented with 5 % human AB serum was addedtb well. Supernatants (2Q0)
were removed and stored in -70 °C for cytokine mheiteation. Cells were then harvested
onto glass fibre filters (Wallac, Turku, Finland3ing a FilterMate Harvester (PerkinElmer,
Victoria, Australia) and allowed to air dry befa3eés ml of scintillation cocktail was added.
The amount of radioactivity present was then mesabusing Wallac MicroBeta JET counter

(PerkinElmer, Victoria, Australia) expressed asndegration per minute (DPM).
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2.15 Cytokine determination

IFN-y, IL-1, IL2, IL-6, IL-10, lymphotoxin and TNF: levels were determined using the
cytometric bead array (BD Cytometric Bead ArrayxF&ets System; BD Biosciences, San
Diego, CA) according to the manufacturer’s instioes. Briefly, 50ul of capture bead
suspension and 50 were added to an equal amount of sample or sterdition of 1:1, 1:4,
1:64, 1:256 and 1:1024 in a 96 well U-bottom platé.was then incubated for 1 h at room
temperature in the dark and in some cases the sama$ diluted 1:20 with diluent if
necessary. The phycoerythrin (PE) detection rdaf#hul) was added to the wells and
incubated in the dark at room temperature for gh&ur2 h. Subsequently, samples were
washed and centrifuged at 200 g at room temperdarré min. The supernatant was
discarded and 150 of wash buffer was added. Samples were analysesl BD FACSArray
bioanalyser (BD Biosciences, CA, USA) (Figure 2.1Quality control beads were used prior
to reading the samples to ensure the instrumentsteeslardised. Examples of the standard

curves are shown in Figure 2.2, 2.3.

2.16 Flow cytometry

2.16.1 CR3 up regulation and expression

The presence and up-regulation of the complemeepter (CR3) in neutrophils treated with
NT8 was determined by flow cytometry. In the FA@fhes (Evergreen Scientific, Los
Angeles, USA), neutrophils (1Q0 of 1 x 1) were incubated with TNF-RM for 1 h in 37 °C

/'5 % CQ.
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Figure 2.1 BD FACSArray BioAnalyser
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Figure 2.2 Examples of standard curves for human IL1, IL-6, lymphotoxin and TNF-a
production. Standard curves were generated for IL-1, IL-6, gimtoxin and TNFe using

the BD CBA Flex Set System.
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Figure 2.3 Examples of standard curves for human IN-y, IL-2 and IL-10 production.
Standard curves were generated for f;NL-2 and IL-10using the BD CBA Flex Set

System.
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The pellet was re-suspended in 200f Isoton Il supplement with 0.1 % (w/v) BSA, a@ql

of 1gG; isotype control or 2 of PE-labelled anti-CD11b antibody was added. béRuiwere
then incubated on ice for 30 min in the dark andesg antibodies were then removed by
washing twice with Isoton Il. Cells were then fikevith formaldehyde 0.1 % and stored in

the dark at 4 °C until analysed by a flow cytoméExCScan, Becton Dickinson, CA, USA).

2.16.2 CD120a/CD120b expression

The effect of NT8 on surface receptor TNFRI and RNFvas measured by flow cytometry.
Neutrophils (100ul of 1 x 10) were treated with NT8 for 1 h and then incubatéth
anti-CD120a, anti-CD120b or isotype control antius® IgG for 30 min in dark. Cells
were then washed, pelleted and incubate furtheh it ul of anti-mouse fluorescein
isothiocyanate (FITC) for 30 min in dark at 4 °CExcess antibodies were removed by
washing twice with Isoton Il and fixed with formaldyde 0.1 % and then stored in the dark 4

°C until analysis via the flow cytometer.

2.17 Lipopolysaccharide-induced peritoneal inflammation

Male BALB/c mice were housed under a 12 h lightkdaycle in cages with unlimited access
to food and water in a temperature controlled rofmm at least 5 days prior to usage.
LPS-induced peritoneal inflammation was carriedasipreviously described (Ferramteal,
2006). Briefly, mice were injected intraperitongalip) with different doses of NT8 for

various times before or after LPS challenge. RBS injected as control and after 24 h,
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the animals were euthanized and peritoneal cavashwut was performed. The cavity was
first injected with 2 ml of HBSS and after mixinh,ml of the exudates was collected. The
number of leukocytes was then determined by a coatibin of performing a cell count in a

haemocytometer and differential count on Giemsaeatibssmears of the cell exudates.

Slides of cellular infiltrates were prepared by teémgation of the cells collected from the
washout (vehicle- 20@l or LPS challenged-10Ql) and fixed with a drop of methanol

followed by Giemsa staining.

2.18 Statistics

All data were presented as the mean * standard efrthe mean (SEM) unless stated
otherwise. Statistical significance was assess@dguanalysis of variance (ANOVA).

Values were considered statistically significantewlp<0.05. All statistical analyses were
performed using Graphpad Instat software or Graphpasm software. For any issues
regarding statistics which were beyond the expeaeast the Department stataticians from the

University of Adelade were available for consulttati
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3.0CHAPTER 3 SYNTHESIS OF NT COMPOUNDS
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3.1 Introduction

For the past decades, there has been a major gntereusing anti-malarials such as
chloroquine and hydroxychloroquine as anti-inflanmma agents. Clinically, the use of
these drugs in rheumatoid arthritis and lupus eryitosus patients can be traced back to the
mid 1950s (Page, 1951; Scherletl al, 1957; Morandet al, 1992). Even with its
popularity and demand, there is still a need ferdevelopment of new drugs, mainly, due to
the emergence of CQ resistance strains of malpaedsites and side effects reported from
patients taking these drugs (Bletral, 2006; Dittrichet al, 2005; Djimdeet al, 2001; Stein

et al, 2000; Veinotet al, 1998; Scherbedt al, 1958).

A major effort has been made in the synthesis of c@mpounds with greater anti-malarial or
anti-inflammatory properties. The main approachyiseither altering the side chain that is
linked to the 4-amino-7-chloroquinoline ring stuiet or by altering the ring structure itself
so to reduce its cytotoxicity (Ridlest al, 1996; Madridet al, 2004; Solomoret al, 2007).

HCQ, a CQ derivative different from CQ only by andaional hydroxyl group, has been
found to be less toxic due to the fact that a lowesage is required during treatment,

indicating that it is a more effective compound pamed to CQ (Mackenzie, 1983).

Both CQ and HCQ tend to accumulate quickly in tbielia compartments reaching a steady
state after 60 min at 37 °C due to the fact thay thre weak bases (Raghoebtal, 1986).
The accumulation of the two compounds leads tormmease in pH within intracellular
vacuoles, altering the behavior of lysosomes atetfering with the vesicle fusion process so
that cells do not undergo normal pinocytosis, easmlosis and phagolysosomal fusion

(Gonzalez-Norieg®t al, 1980; Tietzeet al, 1980). Moreover, the quinoline ring structure
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allows CQ to pass through the lipid bilayer inte ttell, and once inside the cell protonation
occurs allowing the diprotonated form to pass béweckugh the lipid layer (Naisbitt al,

1997).

It has also been well studied that CQ and HCQ oam fan- © stacking interaction with the
porphryin system of FE(II)FPIX complex so that themplex is no longer toxic to the
parasite in the presence of protein (Egan, 20G6hFi1983; Stockst al, 2002). In addition

to that, they have also been found to exhibit anbitory effect on some key neutrophil
functions such as a adherence, respiratory butsigqrytosis and cytokine production
(Ferranteet al, 1986; Hurset al, 1987, 1988; Jones and Jayson, 1984; Kateas, 1998) as
well as the antigen processing and presentatiocepses in macrophages and dendritic cells

as discussed in detail in Chapter 1 (Fox, 1993).

In an attempt to improve the therapeutic potemialjuinoline based drugs we aimed to
synthesize a group of novel quinoline-fatty acidsdth compounds (Scheme 3.1). The
employment of a fatty acid side chain, is expet¢tethakes the compound more soluble and
facilitate their uptake by cells. After a seriek ahemical syntheses and analyses, as
mentioned in Chapter 2.2-4, 13 compounds were sgbde/ generated. All these

compounds contained fatty acid side chains of whffe lengths/ saturated and unsaturated
(Figure 3.1-3.14). It is expected that these camps will lead to some unique biological

properties as a result of the type of fatty actt sthains.
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3.2 Results

All the NT compounds were synthesized from the tisigw 4-amino-7-chloroquinoline.
Different fatty chains (length and saturation) wattached to the amine through a coupling
reaction with the appropriate fatty acid chlorigésulting in 13 quinoline fatty acid conjugates,
(Figures 3.1-14). All the compounds were fully cwerized by'H, **C NMR, GCMS and
high resolution MS with purities greater than 98I#general, the coupling reaction worked
well but yields were not optimized as the desiredjegate was easily purified by column
chromatography thus eluting ahead of the startmme. The conjugates synthesised were all
stable at room temperature and there was no ewdehoxidation which was seen with
greater unsaturation of the fatty chain (not pressn Overall the NMR data showed that all

compounds synthesized were of greater than 95 %y &rgure 3.1.1-3.1.14).
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Scheme 3.1 Synthetic scheme of the NT quunds

NH, NH-R
/Cﬁj Fatty chloride _ m
Cl N KyCO3/THE N
RT - reflux
Compound R
NTO H
NT1 -CO(CH>)sCHs
NT2 -CO(CH»)4CH;
NT3 -CO(CH;)sCH=CH,
NT4 -CO(CH»)4CHj
NT5 -CO(CH»),CHj3
NT6 -CO(CH>,)7;CH=CH(CH,)7CHj;
NT7 -COCH,CH;
NTS8 -CO(CH2),0CH;3
NT9 -CO(CH»);7CH;
NT10 -CO(CH3)3
NT11 -CO(CH>);CH3
NTI12 -CO(CH;);CH3
NT13 -CO(CH;)yCH=CH(CH>);CHj;
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Figure 3.1 Chemical structure of the synthesised N0Dlcompound Synthesis of NTO was
followed as previously published (Vippagurgdal, 1999). An initial confirmation of the
yielded product was by TLC and later tiy and**C NMR. The chemical name assigned for
this compound was 4-amino-7-chloroquinoline. Yieb@ %; melting point: 147-148 °C;

molecular weight: 179.6262.
NMR Data
The compound was characterised by and **C NMR and all spectra agreed with those

previously published (Vippagun# al, 1999). It was used without further purification.

HRMS calc. for GHsCIN,O: 179.0375, obs. 179.0373.
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NHCO(CH,)4CHj
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Figure 3.2 Chemical structure of the synthesized NI' compound The crude product
was obtained by adding decanoyl chloride to theitswi of 4-amino-7-chloroquinoline as
previously described above in section 2.3. Aniahitonfirmation of the yielded product
was by TLC and later bYH and™C NMR. The chemical name assigned for this comgoun
was 4-decanamido-7-chloroquinoline. Yield: 31 %jtmg point: 97-98 °C; molecular weight:

333.8755.

NMR Data

'H NMR (CHCk-7.26 ppm):5 8.76 (1H, d), 8.45 (1H, NH-bs), 8.2 (1H, d), 8(a%, d), 7.85
(1H, d), 7.45 (1H, dd), 2.55 (t), 1.80 (m), 1.38)(0.85 (bt).

13C NMR (CDCE-77 ppm): 172.45 (CO), 151.71, 148.73, 141.16, 335128.71, 127.21,
121.31, 118.64, 111.61 (9 aromatics, 1 carbonyD=C}, 37.82, 33.83, 31.78, 29.38, 29.32,

29.19, 25.41, 22.60, 14.04 (9 aliphatic carbons).

Rt =0.43 (40 % EtOAc/hexane), HRMS calc. fopld:sCIN,O: 333.1734, obs. 333.1736.
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Figure 3.3 Chemical structure of the synthesized NI compound. The crude product
was obtained by adding stearoyl chloride to theutgmh of 4-amino-7-chloroquinoline as
previously described above in section 1.3. Aniahitonfirmation of the yielded product
was by TLC and later byH and®™C NMR. The chemical name assigned for this comgoun
was 4-steramido-7-chloroquinoline. Yield: 14 %;ltimg point: 94-95 °C; molecular weight:

446.0882.

NMR Data

'H NMR (CHCL-7.26 ppm):5 8.70 (1H, bs, NH), 8.40 (1H, s), 8.20 (1H, d),57/@H, s),
7.75 (1H, d), 7.40 (1H, dd), 2.55 (t), 1.75 (mR8.(bs), 0.89 (bt).

13C NMR (CDCE-77 ppm): 172.25 (CO), 151.69, 148.60, 141.08, @R5128.70, 127.27,
121.00, 118.44, 111.39 (9 aromatics, 1 carbonyD=C}, 37.90, 31.89, 29.66, 29.62, 29.58,

29.44, 29.32, 29.21, 25.40, 22.65, 14.08 (1 aliphhasonances for 17 carbons).

Rt =0.47 (40 % EtOAc/hexane), HRMS calc. forid,1CIN,O, 445.2986, obs. 445.2986.
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Figure 3.4 Chemical structure of the synthesized NI compound. The crude product
was obtained by adding undecenoyl chloride to thetiosn of 4-amino-7-chloroquinoline as
previously described above in section 1.3. Aniahitonfirmation of the yielded product
was by TLC and later byH and®™C NMR. The chemical name assigned for this comgoun
was 4-undecenamido-7-chloroquinoline. Yield: 28 #telting point: 87-88 °C; molecular

weight: 345.8862.

NMR Data
'H NMR (CHCk-7.26 ppm):5 8.78 (1H, d), 8.26 (1H, bs), 8.17 (1H, d), 8.05i(1), 7.76
(1H, d), 7.41 (1H, dd), 5.79 (1H, m), 5.01-4.91 (2h), 2.55 (2H, t), 2.00 (2H, m), 1.78 (2H,

m), 1.36 (10H, m).
13%C NMR (CDCE-77 ppm): 172.20 (CO), 152.11, 149.14, 140.62, 089135.33, 129.13,
127.16, 120.91, 118.61, 114.15, 111.66 (9 aromaticsarbonyl, 2 alkene = 12 C), 37.82,

33.69, 29.22, 29.22, 29.15, 28.97, 28.79, 25.3Ai@atic carbons).

Rt =0.38 (30% EtOAc/hexane), HRMS calc. foil,6CIN,O, 345.1734, obs. 345.1737.
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Figure 3.5 Chemical structure of the synthesized NI compound The crude product
was obtained by adding hexanoyl chloride (caproylloide) to the solution of
4-amino-7-chloroquinoline as previously describedove in section 1.3. An initial
confirmation of the yielded product was by TLC alader by 'H and “*C NMR.. The
chemical name assigned for this compound was 4Aaew@o-7-chloroquinoline.  Yield: 39

%; melting point: 119-120 °C; molecular weight: 27G92.
NMR Data
'H NMR (CHCk-7.26 ppm):3 8.72 (1H, bd), 8.55 (1H, bs), 8.12 (1H, d), 8.081,(d), 7.80

(1H, d), 7.38 (1H, dd), 2.50 (2H, 1), 1.75 (2H, m)31 (2H, m), 0.89 (3H, bt).

13%C NMR (CDCk-77 ppm): 172.48 (CO), 151.87, 148.99, 140.91, 1351428.84, 127.14,
121.29, 118.80, 111.91 (9 aromatics, 1 carbony0€)137.70, 31.30, 25.08, 22.32, 13.83 (5

aliphatic carbons).

Rr =0.36 (40 % EtOAc/hexane), HRMS calc. foild;sCIN,O, 277.1108, obs. 277.1106.

109



NHCH(CH,),CHj
AN

~

Cl N

NT5

Figure 3.6 Chemical structure of the synthesized N compound. The crude product
was obtained by adding butyroyl chloride (tetranostloride) to the solution of
4-amino-7-chloroquinoline as previously describedove in section 1.3. An initial
confirmation of the yielded product was by TLC datér by'H and™C NMR.. The chemical
name assigned for this compound was 4-butanamicldefoquinoline. Yield 46 %; melting

point: 126-127 °C; molecular weight: 249.7161.
NMR Data
'H NMR (CHCk-7.26 ppm):3 8.70 (2H, bd), 8.10 (1H, d), 7.95 (1H, d), 7.8Ri(H), 7.35

(1H, dd), 2.52 (2H, 1), 1.78 (2H, sext), 1.00 (3H,

%C NMR (CDCE-77 ppm): 172.44 (CO), 151.58, 148.69, 141.22, 835128.50, 127.14,

121.55, 118.83, 111.92 (9 aromatics, 1 carbonyd €}, 39.50, 18.85, 13.63.

Rt =0.21 (40 % EtOAc/hexane), HRMS calc. fogld;4CIN,O, 249.0795, obs. 249.0797.
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Figure 3.7 Chemical structure of the synthesized N@ compound. The crude product
was obtained by adding octadecenoyl chloride (85(8goyl chloride) to the solution of
4-amino-7-chloroquinoline as previously describedove in section 1.3. An initial
confirmation of the yielded product was by TLC datér by'H and**C NMR. The chemical
name assigned for this compound was 4-octadec&yede-7-chloroquinoline. Yield: 23

%, oil; molecular weight: 444.0723.

NMR Data

'H NMR (CHCE-7.26 ppm):s 8.80 (1H, d), 8.25 (1H, d), 8.20 (1H, bs), 8.08i(%), 7.80
(1H, d), 5.35 (2H, m), 7.48, 2.58 (2H, t), 2.05 (m)B1 (m), 1.30 (bs), 0.90 (3H, bt).

13C NMR (CDCE-77 ppm): 172.12 (CO), 151.93, 148.85, 140.91, 385130.06, 129.60,
128.97, 127.29, 120.91, 118.47, 111.41 (9 aromaticsarbonyl, 2 alkene = 12 C), 37.93,

31.87, 29.73, 29.66, 29.48, 29.28, 29.23, 29.1.07227.20, 27.12, 25.38, 22.64, 14.07.

Rt =0.76 (40 % EtOAc/hexane), HRMS calc. forid,CIN,O, 443.2829, obs. 443.2826.
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Figure 3.8 Chemical structure of the synthesized NA compound The crude product
was obtained by adding propanoyl chloride to thietem of 4-amino-7-chloroquinoline as
previously described above in section 1.3. Aniahitonfirmation of the yielded product
was by TLC and later b{H and**C NMR. The chemical name assigned for this compound
was 4-propanamido-7-chloroquinoline. Yield: 53 #elting point: 140-141 °C; molecular

weight: 235.0638.
NRM Data
'H NMR (CHCk-7.26 ppm):d 8.78 (1H, d), 8.20 (1H, bs), 8.05 (1H, d), 7.78i(1), 7.45

(1H, dd), 2.59 (2H, q), 1.32 (3H, 1).

1%C NMR (CDCh-77 ppm): 172.67 (CO), 152.17, 149.11, 140.64, A85129.19, 127.24,

120.76, 118.50, 111.45 (9 aromatics, 1 carbonyd €}, 30.94, 9.39.

Rr =0.23 (40 % EtOAc/hexane), HRMS calc. fopid;,CIN,O, 235.0638, obs. 235.0631.
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Figure 3.9 Chemical structure of the synthesized N compound The crude product
was obtained by adding dodecanoyl chloride (laurchlloride) to the solution of
4-amino-7-chloroquinoline as previously describedove in section 1.3. An initial
confirmation of the yielded product was by TLC datér by'H and**C NMR. The chemical
name assigned for this compound was 4-dodecanarmdatderoquinoline. Yield: 25 %;

melting point: 78-79 °C; molecular weight: 361.9287

NMR Data

'H NMR (CHCk-7.26 ppm):5 8.65 (2H, bs), 8.15 (1H, d), 7.90 (1H, s), 7.78,(d), 7.30
(1H, dd), 2.55 (t), 1.78 (m), 2.58 (2H, t), 1.3@)0.90 (t).

13%C NMR (CDCE-77 ppm): 172.64 (CO), 151.03, 147.91, 141.61, A35127.81, 127.11,
121.47, 118.38, 111.48 (9 aromatics, 1 carbonyD=C}, 37.69, 31.86, 29.63, 29.58, 29.47,

29.39, 29.36, 29.29, 29.25, 25.42, 24.21, 22.64)614

Rt =0.44 (40 % EtOAc/hexane), HRMS calc. fonlds;CIN.O, 361.2047, obs. 361.2052.
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Figure 3.10 Chemical structure of the synthesized N compound. The crude product
was obtained by adding nonadecanoyl chloride tostitetion of 4-amino-7-chloroquinoline
as previously described above in section 1.3. rmal confirmation of the yielded product
was by TLC and later b{H and**C NMR. The chemical name assigned for this compound
was 4-nonadecanamido-7-chloroquinoline.  Yield: 4§ melting point: 120-121 °C;

molecular weight: 460.1148.

NMR Data

'H NMR (CHCk-7.26 ppm):5 8.78 (1H, bs), 8.22 (2H, bs), 8.06 (1H, s), 7.88,(d), 7.45
(1H, dd), 2.60 (t), 1.80 (dt), 1.30 (bs), 0.90 (bt)

13C NMR (CDCE-77 ppm): 172.18 (CO), 152.00, 149.00, 140.82, 485129.07, 127.27,
120.91, 118.49, 111.50 (9 aromatics, 1 carbonyD=C}, 37.93, 31.89, 29.66, 29.62, 29.57,

29.44,29.32, 29.21, 25.41, 22.65, 14.08 (18 afipltarbons).

Rt =0.47 (40 % EtOAc/hexane), HRMS calc. fogld,4CIN,O, 459.3142, obs. 459.3144.
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Figure 3.11 Chemical structure of the synthesized NLO compound. The crude product
was obtained by adding pivalolyl chloride to théuson of 4-amino-7-chloroquinoline as
previously described above in section 1.3. Aniahitonfirmation of the yielded product
was by TLC and later b{H and**C NMR. The chemical name assigned for this compound
was 4-pivalamido-7-chloroquinoline. Yield: 27 %; lbmgg point: 150-151 °C; molecular

weight: 263.7426.
NMR Data
'H NMR (CHCk-7.26 ppm): 8.80 (1H, bs), 8.25 (2H, m), 8.07 (1H, s), 7.6H,(bd), 7.50

(1H, d), 1.44 (9H, s).

13C NMR (CDCk-77 ppm): 177.00, 151.89, 148.75, 140.84, 135.29,14, 127.41, 120.36,
118.76, 111.31 (9 aromatics, 1 carbonyl = 10 C)52027.56 (5 aliphatic carbons, 4 in the

tert-butyl group at 27.56).

Rr =0.30 (40 % EtOAc/hexane), HRMS calc. fould;sCIN,O, 263.0951, obs. 263.09453.
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Figure 3.12 Chemical structure of the synthesized NL1 compound. The crude product
was obtained by adding pentanoyl chloride (valeraylloride) to the solution of
4-amino-7-chloroquinoline as previously describedove in section 1.3. An initial
confirmation of the yielded product was by TLC datér by'H and**C NMR. The chemical
name assigned for this compound was 4-pentaamiderequinoline. Yield: 28 %; melting

point: 139-140 °C; molecular weight: 263.7426.
NMR Data
'H NMR (CHCk-7.26 ppm):s 8.78 (1H, bs), 8.40 (1H, bs), 8.19 (1H, d), 8.08(bs), 7.82

(1H, dd), 2.56 (2H, 1), 1.76 (2H, pt), 1.41 (2H, €.95 (3H, s).

3%C NMR (CDCE-77 ppm): 172.38 (CO), 151.66, 148.68, 141.11, 385128.65, 127.22,
121.26, 118.65, 111.68 (9 aromatics, 1 carbonyl0=C), 37.54, 27.43, 22.30, 13.74 (4

aliphatic carbons).

Rt =0.34 (40 % EtOAc/hexane), HRMS calc. fould;sCIN,O, 263.0951, obs. 263.09474.
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Figure 3.13 Chemical structure of the synthesized NL.2 compound The crude product
was obtained by adding nonanoyl chloride (pelargbnchloride) to the solution of
4-amino-7-chloroquinoline as previously describbdwe in section 1.3. Nonanoyl chloride
was prepared from the treatment of nonanoic acid ®0OC} at 60 °C for 15 h. An initial
confirmation of the yielded product was by TLC datér by'H and**C NMR. The chemical
name assigned for this compound was 4-nonanamulderequinoline. Yield: 28 %;

melting point: 100-101 °C; molecular weight: 31984

NMR Data
'H NMR (CHCk-7.26 ppm):5 8.74 (1H, bs), 8.58 (1H, bs), 8.18 (1H, d), 8.08,(bs), 7.85

(1H, d), 7.39 (1H, dd), 2.55 2H, t), 1.75 (2H, guih.30 (1H, bs), 0.88 (3H, s).
13C NMR (CDCE-77 ppm): 172.50 (CO), 151.59, 148.66, 141.24, @B5128.59, 127.22,
121.40, 118.72, 111.75 (9 aromatics, 1 carbonyD=C}, 37.81, 31.73, 29.26, 29.19, 29.07,

25.41, 22.56, 14.02 (8 aliphatic carbons).

R: =0.54 (40 % EtOAc/hexane), HRMS calc. fogld»4CIN,O, 319.1577, obs. 319.157109.
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Figure 3.14 Chemical structure of the synthesized NL.3 compound. The crude product
was obtained by adding 11-eicosenoyl chloride ®dblution of 4-amino-7-chloroquinoline
as previously described above in section 1.3. rmal confirmation of the yielded product
was by TLC and later byH and®™C NMR. The chemical name assigned for this comgoun
was 4-eicos-11-en-amido-7-chloroquinoline. Yiel@:%; melting point: 28-29 °C; molecular

weight: 472.1255.

NMR Data
'H NMR (CHCk-7.26 ppm)3 8.75 (1H, bd), 8.38 (1H, bs), 8.19 (1H, d), 8.05l(bs), 7.80
(1H, d), 7.40 (1H, d), 5.35 (2H, bm), 2.55 (2H,2)00 (3H bm), 1.76 (2H, quin), 1.31 (25H,

bs), 0.95 (3H, s).

13%C NMR (CDCE-77 ppm): 172.27 (CO), 151.93, 148.98, 140.87, 4B5129.93, 129.73,
128.97, 127.20, 121.07, 118.64, 111.67 (9 aromalicsarbonyl, 2alkene = 12 C), 37.85,
31.85, 29.72, 29.47, 29.40, 29.32, 29.27, 29.22]172725.41, 22.63, 14.06 (12 aliphatic

resonances for 17 carbons).

Rt =0.49 (40 % EtOAc/hexane), HRMS calc. fowlds4CIN,O, 471.3142, obs. 471.31312.
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Figure 3.1.1 NMR data for NTO.



B +TOF MS: 0.242 to 0.259 min from Sample 4 (NT 1 Trout) of 4.wiff Agilent, subtracted (0.047 to 0.100 min) Max. 1.8e5 counts.|
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Figure 3.2.1 NMR data for NT1.
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Figure 3.3.1 NMR data for NT2.

121



&

1700+

1600+

1500

1400+

1300+

3171775

1200

1100-

1000+

900

800

Intensity, counts

700+

600

500+

) 19.1774
400

300

318.1822
200+

1457
100i Ll _-309.1965

A .5[ jL i

[¢)
300 320

310

331.1228
3271673 333.1220
325 330 335

345.1737 O
HN"~ “(CH,)g-CH=CH,
S
H
—
Cl N7
NT 3
Chemical Formula: C,gH,CIN,O
Exact Mass: 345.1734
Molecular Weight: 345.8862
m/z: 345.1734 (100.0%), 347.1704 (32.0%), 346.1767
(21.6%), 348.1738 (6.9%), 347.1801 (2.2%)
Elemental Analysis: C., 69.45; I1. 7.58; Cl1, 10.25: N, 8.10; O, 4.63
359.1527
343.1569-_  $47.1686 3791728 363.1293
1.1598
367.1540
34b.1729 _-369.1524
arr.ieoe. 811494
355.0620
36p.1586 -
341.0188 | 341719353061 i __ag5.1p73 : 3071305
e Jerd 395.1016
34p 011 35706535 371.1319--373.11105| 38p 141 F 29 0992
340 345 350 355 360 365 370 375 380 385 380 395
nmyz, amu

"B +TOF MS: 0.223 to 0.241 min from Sample 1 (NT 3 Trout) of 5.wiff Agilent, subtracted (0.063 1o 0.117 min}

Max. 1.7e5 counts |

Figure 3.4.1 NMR data for NT3.
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H +TOF MS: 0.344 to 0.362 min from Sample 2 (NT 4 Trout) of 5.wiff Agilent, subtracted {0.060 to 0.113 min) Max. 2.7e4 counts.
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Figure 3.5.1 NMR data for NT4. 123



[ @ +TOF MS: 0.397 to 0.414 min from Sample 3 (NT 5 Trout) of 5.wiff Agilent, subtracted (0.059 to 0.113 min}) Max. 3.9e4 counts.
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Figure 3.6.1 NMR data for NT5.
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| @ +TOF MS: 0.161 to 0.179 min from Sample 4 (NT 6 Trout) of 5.wiff Agilent, subtracted {(0.054 to 0.108 min)
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Figure 3.7.1 NMR data for NT6.
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Figure 3.8.1 NMR data for NT7.
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Figure 3.9.1 NMR data for NT8.
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H +TOF MS: 0.292 to 0.310 min from Sample 2 (NT 8 Trout) of 6.wiff Agilent, subtracted (0.061 to 0.114 min) Max. 1.3e5 counts.
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Figure 3.10.1 NMR data for NT9.
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Figure 3.11.1 NMR data for NT10.
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Fragmentor Voltage Collision Energy Tonization Mode
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Figure 3.12.1 NMR data for NT11.
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Figure 3.13.1 NMR data for NT12.
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Fragmentor Voltage Collision Energy Ionization Mode
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Figure 3.14.1 NMR data for NT13.
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3.3 Summary

An aromatic base quinoline structure (NTO) with -@hforo group has been synthesized
according to Vippaguntat al., (1999). From that base structure, thirteen dbffierNT
compounds have been synthesised each bearingegedifffatty acid side chain attached to
the NH, group at G of the aromatic ring. All fatty acid chains possélifferent lengths and
degrees of saturation. Thirteen compounds witfemiht carbon chain length of 3 to 20
carbons were prepared in a yield ranging from 144568 They can be further subdivided into
the saturated group: NT1, 2, 4, 5, 7, 8, 9, 10add 12 and the unsaturated group: NT 3, 6
and 13. Of all the 13 compound synthesised, omg @ompound displayed an oil
appearance (NT6), which is different to the othempound that exists as powder form.
Finally, it is also observed that compounds witlorager side chain tend to be less soluble

compared to the shorter ones.
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4.0 CHAPTER 4 THE EFFECTS OF NT COMPOUNDS ON NEUTROPHIL

ADHERENCE
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4.1 Introduction

Neutrophil migration and accumulation at inflamnrgtfioci is upregulated by their ability to
adhere to the endothelium as discussed in Chaptet-2. The process involves receptor
ligand interaction. An initial loose-rolling adhes of the neutrophils to the receptors on the
endothelial cells involves the L-selectins on thekbcytes and the E- and P-selectins on the
endothelial cell (Ferrante, 2005). This then ressut the activation of the ICAM on the
endothelial cell as well as the integrins (CD11&1Cbh and CD11c/CD18) on neutrophils
thereby promoting firm adhesion (Witko-Sargdtal, 2000; Ferrante, 2005).  Neutrophil
adherence is also known to involve other recefgoch as the Fc receptors, and the adenosine
receptors depending on the stimulus they encoyWéko-Sarsatet al, 2000; Lantzet al,
1994; Cronsteiret al, 1992). Interestingly, Cronsteat al., (1992) found that engagement
of adenosine Areceptors promoted neutrophil adherence to theteetium whereas the
engagement of Areceptors resulted in the inhibition of neutropdmilherence to fibrinogen
coated surfaces. As you have an interest in imsgeg CR3, CD11b/CD18, you should

mention and reference these.

During inflammation inflammatory mediators are gewed which bind to neutrophils and
regulate their ability to adhere to the endothelidinese include cytokines such as TNF and

GM-CSF and eicosanoids such as LTB4 (refs)

Previous studies have demonstrated that a serieminbline based compounds including
quinine, quinacrine, CQ, pryimethamine and melfoquinhibited neutrophil adherence
(Ferranteet al, 1986). The aim of the present studies was tone&athe effects of adding a

fatty acid to the side chain of the quinoline stuue on neutrophil adherence with particular
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emphasis on the role of the structure of the fatig used.

4.2 The effect of NT compounds on adherence induced byNF rich medium

(TNF-RM)

To enable us to gain an understanding of the &gtoanferred by altering the fatty acid side
chain on the quinoline group, we examined all 18 gounds for their ability to alter the
adherence of stimulated neutrophil activity. A \poesly established strong inducer of
neutrophil adherence was used, medium derived foaureusstimulated PBMC cultures

which has high TNF activity (TNF-RM) (Bates al, 1991).

Neutrophils (5 x 18ml) were pre-treated with NT compounds, CQ or Hf®6f1 h and then

stimulated with TNF-RM. After 30 min, the abilitgf neutrophils to adhere to plasma
coated plastic surfaces was determined. The congsouwvere examined at three
concentrations, 5, 20 and 50 pM. The results sHothat the compounds varied in their
ability to inhibit neutrophil adherence (Figure 4.8, Table 4.1). NT1, NT3 and NT8 were
the most active. Interestingly neither CQ nor H®€re active at these concentrations. At
the 50 uM concentration significant inhibition wesen with NT2, NT5, NT7, NT10 NT11

and NT12 (Table 4.2).

Under the concentrations tested, the cells showei@lality of > 99 % as judged by their

ability to exclude trypan blue dye and the findihgt these have no inhibitory effects at 50
UM for all compounds on basal neutrophil adhergffedle 4.3). The most effective was
NT8, a compound with a quinoline base attached i® aarbon (lauric acid) side chain,

inhibiting at 20 uM, followed by NT1, a compoundtiva 10 carbon fatty chain inhibiting at
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20-50 uM, and NT3, containing an 11 carbon unstdratty chain which inhibited at 20-50
UM. Interestingly, all these three compounds cadrigig medium length fatty acid side chain
of 10-12 carbons which has been shown previouslyth wstructurally similar
4-aminoquinolines tends to be an effective antiamal agent (Krogstaét al, 1988; Ridley

et al, 1996).

Of all the compounds tested, only NT1, NT3 and N&%rt a concentration dependent

inhibitory effect on adherence reaching a 62, 5@ &b % inhibition respectively at 50 uM

(Figure 4.1-4.16).
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Figure 4.1 Effect of NTO (GHsCIN,) on neutrohil adherence. Neutrophils (5 x 19ml)

were pre-treated with varying concentrations of Nifi@ then stimulated by adding 20 pl of
TNF-RM (39 ng/ml). Adherence was measured by stgithe cells with Rose Bengal and
reading the plates at OD 570 nm. The data areepted as + SEM of 4 experiments, each
conducted with neutrophils from a different donofhe basal and stimulated OD 570 nm

values + SEM were 0.09 = 0.00 and 0.29 + 0.03 reispedy.
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Figure 4.2 Effect of NT1 (GgH26CIN2O) on neutrophil adherence. Neutrophils (5 x
10°/ml) were pre-treated with varying concentratiofidNd1 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. ddte are presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.08 + Cab@ 0.41 + 0.08 respectively.
Significance of difference between control and Nidated cells: *p<0.01 (Tukey-Kramer

multiple comparisons test).
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Figure 4.3 Effect of NT2 (G/H42CIN,O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofisN@2 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Thae dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.08 + Cabtl 0.44 + 0.10 respectively.
Significance of difference between control and Nf@ated cells: *p<0.01(Tukey-Kramer

multiple comparisons test).
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Figure 4.4 Effect of NT3 (GoH26CIN2O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofisN@3 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. The dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.09 = Cadd 0.33 + 0.11 respectively.
Significance of difference between control and NZ3 uM) treated cells: *p<0.01; between

control and NT3 (50 uM) treated cells: **p<0.00uKEy-Kramer multiple comparisons test).
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Figure 4.5 Effect of NT4 (GsH1sCIN,O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofisN@4 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. The dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.08 = Cadd 0.40 + 0.11 respectively.
Significance of difference between control and N{BD pM) treated cells: *p<0.01

(Tukey-Kramer multiple comparisons test).
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Figure 4.6 Effect of NT5 (G3sH14CIN2O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofidNa5 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.09 + Cab@ 0.42 + 0.10 respectively.
Significance of difference between control and NT&E uM) treated cells: *p<0.05

(Tukey-Kramer multiple comparisons test).
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Figure 4.7 Effect of NT6 (G7H4CIN2.O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofisN@6 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. The dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and

stimulated OD 570 nm values = SEM were 0.07 + @9 0.30 + 0.10 respectively.
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Figure 4.8 Effect of NT7 (G2H12CIN,O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofidNd7 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.09 + Cabtl 0.34 + 0.10 respectively.
Significance of difference between control and N{&0 uM) treated cells: *p<0.05

(Tukey-Kramer multiple comparisons test).
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Figure 4.9 Effect of NT8 (GiH30CIN2,O) on neutrophil adherence. Neutrophils (5 x
10°/ml) were pre-treated with varying concentratiofidNd8 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils fragiffarent donor. The data are presented
as + SEM of 4 experiments. The basal and stimdil@&® 570 nm values + SEM were 0.07
+0.01 and 0.41 £ 0.10 respectively. Significantdifference between control and NT8 (20
uM) treated cells: *p<0.01; between control and NB® uM) treated cells: **p<0.001

(Tukey-Kramer multiple comparisons test).
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Figure 4.10 Effect of NT9 (GgH44CIN,O) on neutropihl adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiofdNa9 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and

stimulated OD 570 nm values = SEM were 0.09 + @8é 0.24 + 0.09 respectively.
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Figure 4.11 Effect of NT10 (G4H16CIN,O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratioiNd0 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.09 + Oabtl 0.39 + 0.15 respectively.
Significance of difference between control and NTED uM) treated cells: *p<0.001

(Tukey-Kramer multiple comparisons test).
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Figure 4.12 Effect of NT11 (G4H16CIN2O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentration®Nd11 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.09 + Oab@l 0.46 + 0.13 respectively.
Significance of difference between control and NTED uM) treated cells: * p<0.05

(Tukey-Kramer multiple comparisons test).
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Figure 4.13 Effect of NT12 (GgH24CIN,O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiohdN@12 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and
stimulated OD 570 nm values + SEM were 0.09 + Cabtl 0.28 + 0.09 respectively.
Significance of difference between control and NBD pM) treated cells: *p<0.01

(Tukey-Kramer multiple comparisons test).
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Figure 4.14 Effect of NT13 (GgH44CIN2O) on neutrophil adherence. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiohN@13 and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifeerent donor. The basal and

stimulated OD 570 nm values = SEM were 0.08 + @8d 0.40 + 0.13 respectively.
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Figure 4.15 Effect of CQ (GsH26CIN3-2HsPO4)on neutrophil adherence. Neutrophils (5

x 10°/ml) were pre-treated with varying concentratiof® and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Tha dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and

stimulated OD 570 nm values = SEM were 0.08 + @9 0.49 + 0.16 respectively.
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Figure 4.16 Effect of HCQ (GgH26CIN30-H,SO,) on adherence assay. Neutrophils (5 x

10°/ml) were pre-treated with varying concentratiohisi€Q and then stimulated by adding
20 pl of TNF-RM (39 ng/ml). Adherence was measubgdstaining the cells with Rose
Bengal and reading the plates at OD 570 nm. Thae dee presented as + SEM of 4
experiments, each conducted with neutrophils frondifferent donor. The basal and

stimulated OD 570 nm values + SEM were 0.08 + @8d 0.46 + 0.10 respectively.
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Table 4.1 Summary effects of 4-amino-7-chloroqummlbased compounds on neutrophil

adherence assay as shown by t©mparisons.

Compounds ICs0 (M)

0 >50

1 38

2 >50

3 39

4 >50

5 >50

6 >50

7 >50

8 25

9 >50
10 >50
11 >50
12 >50
13 >50
CQ >50
HCQ >50

The 1Go values calculated for each compound were basedthen minimal
concentration required to reach a 50 percent itibibifrom Figure 4.1-16. The
values generated were based on adherence stimulaithd TNF-RM from 4

experiments, each conducted with neutrophils from diferent donor.
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Table 4.2 Summary of the inhibitory effects of 4vam7-chloroquinoline based compounds
on neutrophil adherence at 50 M concentration.

Compounds % inhibition

0 22

1 62

2 42

3 59

4 39

5 51

6 44
7 42

8 85

9 19
10 44
11 44
12 25
13 10
CQ 10
HCQ 17

The percentage inhibition calculated for each camplo(50 uM) was based on the
values generated from adherence assay stimulatbdTiMF-RM from 4 experiments,

each conducted with neutrophils from a differemal.
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Table 4.3 Summary of the effects of 4-amino-7-abdpiinoline based compounds on
neutrophil basal adherence at 50 M concentration.

Compounds % of control basal values + SEM
0 128 +6.15
1 106 +1.56
2 106 +7.49
3 130 +18.53
4 129 + 12.96
5 120 +13.92
6 107 + 2.46
7 111 + 3.92
8 104 +3.24
9 123 +17.73
10 106 +4.78
11 100 + 3.89
12 107 +8.99
13 98 + 8.45

CQ 106 + 4.58
HCQ 112 +7.84

The percentage of control calculated for each camgo50 uM) was based on the
basal adhesion values of compound treated celidetivby basal adhesion values of
vehicle. Data obtained from 4 experiments, eaaidaoted with neutrophils from a

different donor.
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4.3 Comparison effects of NT8 to NTO and lauric acid.

Since NT8 is a compound comprised of a 4-aminoi@rolquinoline base (NTO) attached to a
lauric acid side chain (12 carbon fatty acid), éhéso base compounds were also examined
for effects on the neutrophil adherence respon&hort, medium and long chain fatty acids
of different degree of unsaturation have been foianbdave a range of effects on neutrophil
functions (Naccachet al, 1984; Wanteret al, 2002). Naccachet al., (1984) found that
lauric acid stimulated rabbit neutrophil aggregatioduced by fMLP. Moreover Wantest

al., (2002) found that medium chain saturated fattydsancluding lauric acid, induced
oxygen radical production in neutrophils and thamixture of long chain/medium chain
triglyceride or pure medium chain triglycerides anbesd neutrophi, integin expression,

adhesion and degranulation.

The neutrophils were treated with either NT8, laatid or NT8 and after (?) were stimulated
with the TNF-RM. The adhesion response was measurbdr results showed that at
concentrations up to 50 uM, NT8 but neither theebasmpound NTO nor lauric acid

inhibited the neutrophil adherence response. Thes inhibitory effects of NT8 are a unique

property of this compound (Figure 4.17).

4.4 Effect of NT8 on TNF induced neutrophil adherence

In another set of studies, recombinant TNF was usedtimulate neutrophil adherence.
Similarly, the inhibitory effect of NT8 was also sdrved when TNF was used as a stimulus

instead of TNF-RM (Figure 4.18).
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Figure 4.17 Comparison of effects of NT8, NTO andalric acid on TNF-RM stimulated
neutrophil adherence. Neutrophils (5 x 1&ml) were pre-treated as above with |20 of
NT8, NTO or lauric acid and then tested for adheeen response to TNF-RM. The data are
expressed as % of the control responses and pedsasiimean £ SEM of 3 experiments, each
conducted with neutrophils from a different dono6ignificance of difference between
control and TNF-RM + NT8: *p<0.05; between contemhd TNF-RM + NT8: *p<0.05

(Dunnett: compare all vs control).
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Figure 4.18 Effect of NT8 on TNF-mediated neutropHiadherence. Neutrophils (5 x
10°/ml) were pre-treated with varying concentratiofidNg8 and then stimulated by adding
20 pl of recombinant TNF (100 U/ml). Adherencaswmeasured by staining the cells
with Rose Bengal and reading the plates at OD 5@0 rResults represent the mean data +
SEM of 3 experiments, each conducted with neuttsdglom a different donor. The basal
and stimulated OD 570 nm values + SEM were 0.0804 @nd 0.27 £ 0.05 respectively.
Significance of difference between control and N28 uM) treated cells; between control
and NT8 (50 uM) treated cells: *p<0.01, **p<0.00dspectively (Tukey-Kramer multiple

comparisons test).
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45 Summary

We have now demonstrated that these new quinolmepounds have biological effects.
Exposure of neutrophils to these compounds resirtaddecrease in the ability of neutrophils
to respond to TNF-induced adherence. The typeatty facid added to the quinoline side
chain made a significant difference to this acfivwhich ranged from no effect to a highly
significant effect over a concentration range @M (Table 4.1). The most effective of
the 13 compounds were NT1, NT3 and NT8. Since Ra® the greatest inhibitory effect,

further studies were conducted with the compound.

The data demonstrated that the activity of NT8 das to the new structure synthesised as
neither of the individual components, NTO or laugicid showed inhibitory activity. The
inhibitory effects were seen when TNF-RM was usetha stimulator as well as recombinant
TNF. However, the effects of NT8 on neutrophilsnsiated with recombinant TNF were
more pronounced. This suggested that NT8 may haneference for TNF-induced
responses. Under the different concentrations uséate experiments, the cells maintained

normal viability tested by their ability to exclutlgpan blue.
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5.0CHAPTER 5INHIBITORY EFFECTS OF NT8 ON TNF-INDUCED

NEUTROPHIL RESPIRATORY BURST , MIGRATION INHIBITION AND

CYTOKINE PRODUCTION
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5.1 Introduction

Having established that NT8 was the most effecteenpound in inhibiting neutrophil
adhesion (Chapter 4), we sought to gain a bettéenstanding of the effects of NT8 on other
neutrophil functions relevant to the inflammatoegponse, the oxygen-dependent respiratory
burst, migration inhibition and cytokine productionPrevious studies using quinoline
derived inhibitors have found that primaquine amnghgcrine inhibited the fMLP induced
superoxide production at a concentration rage of2HD pM (Neal et al, 1987).
Chloroquine, under the same condition, was onlgciffe at 1 mM (Neakt al, 1987).
Moreover Hurset al., (1988) reported that both CQ and HCQ showed aibitohny effect on
zymosan-, PMA- and fluoride-induced superoxide gatnen in neutrophil at 100 uM. The
inhibitory effect of CQ was extended to chemotaxi&harazmiet al, (1983) found that CQ

inhibited chemotaxis at concentrations attaineclimcal situations.

Neutrophils are also known to produce cytokines #ra important in activating other cell
types. A wide range of cytokines such as IL-1, TNN-y, IL-8, etc, have been shown to be
produced by neutrophils. In this manner, neutrgpmbiy also control the adaptive immune
response. Because of the importance of TNF inrth@nmatory mediator network, it was the
aim of this studt to examine the effects of NT8 DNF-induced respiratory burst, cell

migration inhibition and cytokine production.
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5.2 Effect of NT8 on the oxygen-dependent respiratory st

It is widely accepted that the respiratory burst be& measured by the lucigenin-dependent
chemiluminescence assay which measures reactivgeoxgpecies (ROS), in particular
superoxide (Alvest al, 2003). This assay method was used to examinefthets of NT8

on the respiratory burst in neutrophils as desdriheChapter 2.11.3.

The cells were pre-treated with either 20 ory®0 of NT8 for 1 h and then stimulated with
TNF-RM. The resultant chemiluminescence produced measured. The data presented
in Figure 5.1 and 5.2 show that TNF-RM induced ak®a respiratory burst (6 fold increase
in chemiluminescence). NT8 had no direct effecttaresponse but inhibited the ability of
TNF-RM to induce a response, by approximately 5at%0uM concentration. No effect
was seen at 20M. The kinetics of the chemiluminescence respaosiggesented in Figure
5.2. The data demonstrates that NT8 caused batlagy in response and a reduction in

peak rate of chemiluminescence production at 50 pM.

5.3 The effects of NTO and lauric acid on the neutroplirespiratory burst

To see if the activity seen at 7 of NT8 was due to the unique structure of theegated

molecule, the effects of the individual componertd,0 and lauric acid on neutrophil
respiratory burst was examined. The data showatwhile neutrophils treated with NT8
were not significantly depressed in their respaims@ NF-RM, neither NTO nor lauric acid

had any effect when examined at 8@ concentration (Figure 5.3).
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Figure 5.1 Effect of NT8 on the oxygen-dependent seiratory burst induced by

TNF-RM. Neutrophils (5 x 18ml) were pre-treated with either 20M (o) or 50 uM (m)

NT8 for 1 h and then stimulated by adding 100 pulTdf--RM (39 ng/ml). The resultant
chemiluminescence was then measured. The dataeseyr initial peak rates of
chemiluminescence and are presented as the me&M+083 experiments, each conducted
with neutrophils from a different donor. Signiffeze of difference between control and
TNF-RM treated cells: **p<0.01 and between stinethand stimulated cells pretreated

with NT8: *p<0.05 (Tukey-Kramer multiple comparisotest).
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Figure 5.2 Effect of NT8 on the kinetics of TNF-RM induced change in
chemiluminescence. The results are a representative experiment ofgtasented in Figure
5.1. Neutrophils + diluentsa}, neutrophils + TNF-RM 4), neutrophils + NT8 A) and

neutrophils + TNF-RM + NT8d).
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Figure 5.3 Effect of NTO and lauric acid on the newopil respiratory burst.  Neutrophils

(5 x 1¢/ml) were pre-treated with 50M of NT8, NTO or lauric acid for 1 h and then
stimulated by adding 100 ul of TNF-RM (39 ng/ml)dathe resultant chemiluminescence
measured. The data represent initial peak rateh@hiluminescence and are presented as
the mean + SEM of 3 experiments, each conducteld mettrophils from a different donor.
Significance of difference between TNF-RM and TNM-R NT8 treated group: *p<0.05

(Tukey-Kramer multiple comparisons test).
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5.4 The effect of NT8 on the respiratory burst inducedoy recombinant TNF

While the TNF-RM represents a medium culture thamnics cytokine combination most

likely to be found in bacteria-induced inflammatidghe modulatory effects of NT8 can be
better defined using TNF. In these experimentsniégrophils were pre-treated with 20 or
50 uM of NT8 and then stimulated with recombinant TNH.he results showed that TNF

caused direct stimulation of the neutrophil redpimaburst of approximately 4 fold above the
base activity (Figure 5.4, 5.5). At p®1 but not 20uM, NT8 caused significant suppression
of this response (Figure 5.4, 5.5). Examinatiorkioétics of chemiluminescence produced

showed that NT8 caused a delay in response ancreased peak initial rate (Figure 5.5).

5.5 The effects of CQ and HCQ on the neutrophil respirtory burst response

Since the basis for the use of NT8 compound isretationship to CQ and HCQ as
anti-inflammatory agents, we examined the effectsthese agents on the neutrophil
respiratory burst (chemiluminescence). The reslitsved that neither CQ nor HCQ at 50
UM significantly inhibited the TNF-induced neutralpfrespiratory burst (Figure 5.6). The
kinetics of the responses are shown in Figure 5.7The kinetics of rates of

chemiluminescence produced were also not affegtesithber CQ or HCQ.
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Figure 5.4 Effect of NT8 on TNF-induced chemiluminscence.Neutrophils (5 x 18ml)
were pre-treated with either 20 or BB NT8 for 1 h and then stimulated by adding 10@1ul
recombinant TNF (100 U/ml). The resultant chemilescence was measured. The data
represent initial peak rates of chemiluminescemckae presented as the mean + SEM of 3
experiments, each conducted with neutrophils frondiféerent donor. Significance of
difference between control and TNF treated celfl$p<0.001 and between stimulated and
stimulated cells pretreated with NT8 (50 uM): *p8® (Tukey-Kramer multiple comparisons

test).
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Figure 5.5 Effect of NT8 on the kinetics of TNF-indiced change in chemiluminescence.
The results are a representative experiment of pie@sented in Figure 5.4 Neutrophils +

diluents @), neutrophils + TNF &), neutrophils + NT84) and neutrophils + TNF + NT8

(0).
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Figure 5.6 Effect of CQ and HCQ on TNF-induced neuwphil respiratory burst.
Neutrophils (5 x 18ml) were pre-treated with 50M of either CQ or HCQ for 1 h and then
treated with 100 pl of TNF (100 U/ml). The resott@hemiluminescence production was
measured in a luminometer. The data represermdlipgak rates of chemiluminescence and
are presented as the mean £+ SEM of 4 experimesnth, @nducted with neutrophils from a

different donor.
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Figure 5.7 Effect of CQ and HCQ on the kinetics of TNF-induced change in
chemiluminescenceThe results are a representative experiment of piasented in Figure
5.6. Neutrophils + diluentsu), neutrophils + TNF 4), neutrophil + CQ ), neutrophil +

TNF + CQ (x), neutrophils + HCQJ and neutrophils + TNF + HCQ].
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5.6 Effect of NT8 on neutrophil random movement

In our experiment, random migration was assesseuj ube agarose method described in
Chapter 2.11.2.  Neutrophils were allowed to ntggyecross the agarose supplemented with
heat inactived fetal calf serum. Our results shibtirat treating neutrophils with either 20 or
50 uM NT8 had no significant effect on random migma (Figure 5.8). The base

compounds NTO and lauric acid as well as CQ shaweeidhibitorys effect at 50 puM.

5.7 Effect of NT8 on the neutrophil migration inhibiton induced by TNF

Another major function of TNF is its ability to ifdit neutrophil migration(Ferranteet al,
1988) which presumably represents a mean by whetle are retained at the inflammatory
foci. The effect of NT8 on TNF-induced migratiarhibition was examined. Neutrophils
were treated with TNF (300 U) for 30 min and thearained for migration. TNF inhibited
random migration (Figure 5.9). NT8 had no effetttioe ability of TNF to induce migration
inhibition at both 20 and 50 uM (Figure 5.9, 5.10Y.NF also inhibits the fMLP-induced
chemotactic migration of neutrophils. The effeEtNI'8 on this response was examined.
The neutrophils were pre-treated with NT8 and thweith TNF for 30 min prior to
examination of chemtactic migration in responséMaP. The results showed that NT8
had no significant effect on the ability of TNF itwhibit neutrophil migration induced by

fMLP (Figure 5.9, 5.10).

These results suggested that the cell migratiomitidm properties of TNF were not affected
by NT8. Again demonstrating some selective effe€tdT8 on the TNF-induced adherence

response of neutrophils.
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Figure 5.8 Comparison of effect of NTO, lauric acidand NT8 on neutrophil random
migration. Neutrophils (5 x 18ml) were pre-treated with either lauric acid, NTO[8 or
CQ at 50uM for 1 h and then tested for random migration. teDare expressed as the mean

+ SEM from 3 experiments, each conducted with rogatils from a different donor.
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Figure 5.9 Effect of NT8 on TNF-induced inhibition of neutrophil random migration.
Neutrophils (5 x 1®ml) were pre-treated with NT8 at 20 or 20/ for 1 h and then
stimulated by adding 160 pl of TNF (300 U/ml) fd@r Biin. The random migration was then
measured. Data are expressed as % of control toigra SEM of 3 experiments, each
conducted with neutrophils from a different dono6ignificance of difference between
control and TNF treated groups with and withoutNi& treatment: *p<0.05 (Tukey-Kramer

multiple comparisons test).
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Figure 5.10 Effect of NT8 on TNF-induced inhibition of neutrophil chemotaxis.
Neutrophils (5 x 10ml) were pre-treated with NT8 at 20 or 20/ for 1 h and then
stimulated by adding 160 pl TNF (300 U/ml) for 3Gnm Migration in response to fMLP
was then measured. Data are expressed as meal HfSE experiments, each conducted
with neutrophils from a different donor.  Signifreze of difference between control and TNF
treated groups with and without the NT8 treatmems0.05 (Tukey-Kramer multiple

comparisons test).
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5.8 Effect of NT8 on TNF-induced IL-1f and IL-8 production by neutrophils

Cytokines play an important role as mediators efows inflammatory conditions. There is
little known however about the effects of chloraguion neutrophil cytokine production.
Previous reports have examined the effects of CQR# induced production of cytokines in
PBMCs. The agents inhibited TNE-L-1p and IL-6 production (Karrest al, 1998; Picot

et al, 1993; Weber and Levitz, 2000). Since our previcesults showed that NT8 inhibits
TNF induced adherence and chemiluminescence, fhetefof NT8 on neutrophil function

was extended to cytokine production.

Neutrophils were pre-treated with NT8 and then stated with TNF.  After 2 h, the amount
of IL-1p and IL-8 mMRNA was measured using the methods hestin Chapter 2.12. The
results showed that NT8 inhibited the productiorboth IL-13 and IL-8 at 20 and 50M of

the compound (Figure5.11, 5.12). The individuahpounds NTO and lauric acid did not

suppress IL-f and IL-8 mRNA production (Figure 5.13, 5.14).

5.9 Effect of CQ on TNF-induced IL-1p and IL-8 production in neutrophils

The effects of CQ on neutrophil cytokine productltave not been previously investigated,;

therefore we also examined the effects. Resutisvetl that CQ did not cause a significant

decrease in ILf1 and IL-8 mMRNA production (Figure 5.15, 5.16).
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Figure 5.11 Effect of NT8 on TNF-induced IL-B mRNA in neutrophils. Neutrophils (5

x 10°/ml) were pre-treated with either 20 or pll of NT8 and then stimulated with TNF for
1 h. Levels of IL-B were determined by quantitative real-time PCR. e Tlousekeeping
gene GAPDH was used to normalize the samples. &ataxpressed as amount of mMRNA
produced + SEM from 3 experiments. Significancalifference between control and TNF
treated cells and between stimulated and stimulagdid pretreated with NT8: *p<0.05,

**p<0.01, **p<0.001 (Tukey-Kramer multiple compaons test).

177



15

T

A 10

%

&)

=

o

g

¥ 4]

dl 0-5 ‘

0-0 i -
Contrul 20 pM 20 pM+TNF 50 pM 50 pM+TNF
< NT8 >
Treatment

Figure 5.12 Effect of NT8 on TNF-induced IL-8 mRNAIn neutrophils. Neutrophils (5 x
10°/ml) were pre-treated with 20 or 50 uM of NT8 aheért stimulated with TNF for 1 h.
Levels of IL-8 were determined by quantitative reale PCR. The housekeeping gene
GAPDH was used to normalize the samples. Dataeamessed as amount of mRNA
produced + SEM from 3 experiments. Significancalifference between control and TNF
treated cells and between stimulated and stimulatdts pretreated with NT8: *p<0.05

(Tukey-Kramer multiple comparisons test).
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Figure 5.13 Effect of NTO and LA on TNF-induced IL1p mRNA in neutrophils.
Neutrophils (5 x 1®ml) were pre-treated with either lauric acid or IN{50 uM) and then
stimulated with TNF for 1 h. Levels of ILBlwere determined by quantitative real-time
PCR. The housekeeping gene GAPDH was used to hipemthe samples. Data are
expressed as amount of mMRNA produced + SEM fronx@m®ments. Significance of

difference between control and TNF: *p<0.05.
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Figure 5.14 Effect of LA or NTO on TNF-induced IL-8 mRNA in neutrophils.
Neutrophils (5 x 1®ml) were pre-treated with either lauric acid or IN{50 uM) and then
stimulated with TNF for 1 h. Levels of IL-8 weretdrmined by quantitative real-time PCR.
The housekeeping gene GAPDH was used to normdlezsamples. Data are expressed as
amount of mMRNA produced £ SEM from 3 experimentSignificance of difference between

control and TNF: *p<0.05.
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Figure 5.15 Effect of CQ on TNF-induced IL-B mRNA in neutrophils. Neutrophils (5 x
10°/ml) in RPMI-1640 supplemented with 2 mM L-glutamjr.00 U/ml penicillin and 100
pug/ml streptomycin, 2 % AB serum were pre-treatethv@Q (50uM) and then stimulated
with TNF for 1 h. Levels of IL-g were determined by quantitative real-time PCR. The
housekeeping gene GAPDH was used to normalize dheples. Data are expressed as
amount of mMRNA produced £ SEM from 3 experimentSignificance of difference between

control and TNF: *p<0.05.
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Figure 5.16 Effect of CQ on TNF-induced IL-8 mMRNA n neutrophils. Neutrophils (5 x
10°/ml) in RPMI-1640 supplemented with 2 mM L-glutamjr.00 U/ml penicillin and 100
pug/ml streptomycin, 2 % AB serum were pre-treatethv@Q (50uM) and then stimulated
with TNF for 1 h. Levels of IL-8 were determineg Quantitative real-time PCR. The
housekeeping gene GAPDH was used to normalize dheples. Data are expressed as
amount of mMRNA produced £ SEM from 3 experimentSignificance of difference between

control and TNF: *p<0.05.

182



5.10 Summary

NT8 significantly inhibited the TNF or TNF-RM inded respiratory burst in neutrophils.
However, this was evident only at 50 uM NT8. A¢ game concentration neither NTO nor
lauric acid had any effect. It is also interesynthat CQ and HCQ had no effect on this

neutrophil function at 50 pM.

Results also showed that NT8 had no effect on tN&-ihduced inhibition of neutrophil

random migration or chemotactic migration.

In addition to this, the data demonstrated thatTtN& response of neutrophils in relation to

production of IL-B and IL-8 mRNA is highly sensitive to treatmentiwiiT8 but not CQ.
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6.0 CHAPTER 6 SELECTIVITY OF THE INHIBITORY EFFECTS OF NT8

FOR THE TNF-INDUCED RESPONSES
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6.1 Introduction

To gain a better understanding of how NT8 affeastrophil functions, we took several
approaches to elucidate aspects of the mechanmsmlveéd. Results from chapters 4 and 5
focused mainly on responses to TNF. By using o#lgamists, it becomes possible to not
only characterize better the properties of NT8dmih some insights as to how NT8 induces
its effects since cell activation will occur thrduglifferent receptors and usually involve
different sets of intracellular signaling cascade®ur next approach is to find out whether or
not the inhibitory effects were selective for TNF.A range of agonists are available to
undertake this study and includes fMLP, LJTBL-8, C5a, GM-CSF and LPS-induced
responses. These agonists have been establishedysly to stimulate neutrophil functions
by different as well as ovelapping pathways (selvibevia cell surface receptors. In
contrast, other agonicts such as PMA which actsiwacellular PKC level, A23187 (calcium
ionophore) have been shown to mobilize cellulacioah and arachidonic acid which causes
neutrophil activation by diverse mechanisms (Feeagt al, 2005). The neutrophil
functions to be examined here restricted to adhesibemotaxis and respiratory burst. It
was the aim of this investigation to determine @svhether or not the NT8 effects were

selective for response to TNF or affect responsésded by these other agonists.
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6.2 Alteration of the adherence response induced by o#in surface receptor acting

agonists

A diverse range of agonists which act on receptmrsneutrophil surfaces representing
endogenous (LTB C5a, IL-8 and GM-CSF) and exogenous (fMLP and)LW&e used to try
to extablish the selective action of NT8 for théibtion of the TNF-induced neutrophil
adherence response. All experiments were perfoasetescribed in Chapter 2.11.1 for the

different agonists.

6.2.1 fMLP

The synthetic bacterial peptide fMLP acts via ahhagpd low affinity receptor on neutrophils
and leads to the stimulation of several respons#ading cell adhesion (Kettritet al, 2004;
Bylund et al, 2003). Treatment of cells with fMLP increaseditladhesion to serum coated
plastic surface. Experiments were conducted imdas manner to those in which TNF was
used as the cell agonist (Chapter 4). Neutropidee pre-treated for 1 h with 0, 20 or 50
UM of NT8. Other cells were treated with 50 pMetther NTO or lauric acid. Following
pre-treatment, the cells were challenged with QML fMLP for 30 min and then stained to

guantitate the amount of neutrophil adherence.

The results presented in Figure 6.1 demonstrate uihéike the effects on the TNF-induced
adherence, the response to fMLP was not inhibit&DaM NT8. However at 50 uM, there
was approximately an 80 % reduction in this respond'he fMLP response was not affected

by either NTO or lauric acid (Figure 6.1).
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6.2.2 LTB4

LTB, is formed from the metabolism of arachidonic acid the 5-lipogenease pathway
(Ferranteet al, 2005). Biosynthesis of leukotrienes involves tiedease of AA from
membrane phospholipids by €alependent cytosolic phospholipaserAcPLAx) and its
conversion into 5-hydroperoxyeicosatetraenoic aeaitd subsequently leukotriene 4,A
catalyzed by 5-lipoxygenase (Zarigi al, 2006). LTA is then enzymatically converted to
LTB,4 by LTA4-hydrolase (Zariniet al, 2006). This product is a major inflammatory
mediator which stimulates cells by acting on itsfaze receptor. LTBhas previously been

found to cause rapid neutrophil adhesion (Dalkleal, 1981).

The effect of NT8 on the LTRBinduced neutrophil adherence response was examined
Neutrophils were pre-treated with 0, 20 or 50 pMNdF8, NTO, or lauric acid and then
examined for adherence in response to 4ATBThe results showed that the LFiBduced
adherence was significantly inhibited at 20 anduB® concentration of NT8. While NTO
had no effect on the adherence response to,LBBric acid caused significant inhibition of

the response at 50 uM (Figure 6.2).

6.2.3 GM-CSF

GM-CSF is a growth factor that mediates prolifematiof granulocytes, macrophages,
erythrocytes, megakaryocytes and eosinophil progen{Jubinskyet al, 1994). It has been
reported to stimulate a number of neutrophil fumtsi including adherence and phagocyte

activity and inhibit neutrophil migration (Jubinskyal, 1994; Zhouwet al, 2003).
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The investigations on the effect of NT8 were exeghfurther to examine its effects on the
GM-CSF-induced neutrophil adherence response. nElrophils were pre-treated for 1 h
with 0, 20, or 50 uM of NT8. Another set of celas treated with either NTO or lauric acid,
and the response to GM-CSF measured. The redudtsesl that the GM-CSF induced
neutrophil adhesion was inhibited at 50 but not @@ NT8 (Figure 6.3). Under these

conditions there was no effect with either NTOauric acid.

6.24 IL-8

IL-8 is a prototypic member of the CXC subfamilydfemokines that stimulates neutrophil
responses (Knakt al, 1996). It exerts its effect by binding to the8Lreceptor which is a
seven-transmembrane spanning receptor coupledetfispG proteins (Knallet al, 1996).

It has also been reported that IL-8 causes rapittoghil adhesion (Detmeet al, 1991).

The effect of NT8 on IL-8 induced neutrophil adhere was investigated. Results showed
that neutrophils pre-treated with 50 uM of NT8 elb5 % decrease in adherence in
response to the IL-8 (Figure 6.4). At these cotretions, NTO and lauric acid showed no

inhibitory effect (Figure 6.4).

6.25 Cba

Cbha is generated during the activation of the cempeiht cascade. This product is a
chemotactic factor for both neutrophils and macemg@s, but also stimulates the respiratory

burst, degranulation and cell adhesion (Guo andi\\20105; Smitret al, 1979).
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Using C5a as a neutrophil stimulator of adhesioa,examined the effects of NT8 on this
response. The neutrophils were pre-treated with00,and 50 uM of NT8 and then tested
for their response to C5a. Results showed that iNfi®ited neutrophil adherence at 50 but
not 20 uM (Figure 6.5). At the same time, neither NTO rauric acid showed any

inhibitory effect.

6.2.6 Lipopolysaccharide

LPS from gram negative bacteria is known to stiraulaeutrophil functions including
adherence (Aida and Pabst, 1991; Wortheal, 1992). Neutrophils were pre-treated for 1
h with 0, 20, or 50 uM of NT8, lauric acid or NTAcameasured for adherence in response to
LPS. The results showed that only at 50 uM did NiBibit significantly neutrophil

adherence (Figure 6.6).
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Figure 6.1 Effect of NT8 on fMLP-induced neutrophil adherence. Neutrophils (5 x
10°/ml) were pre-treated for 1 h with either 20 uM58r pM NT8, 50 uM lauric acid or 50
UM NTO and then stimulated by adding 20 ul of fM1IAuM). Adherence was measured by
staining the cells with Rose Bengal and readingpla¢es at OD 570 nm. The data are
expressed as % of the control responses and pegsasiimean £ SEM of 3 experiments, each
conducted with neutrophils from a different donof.he base and stimulated OD 570 nm
values + SEM for the non-stimulated and stimulatedtrols were 0.07 + 0.00 and 0.32 +
0.04 respectively. Significance of difference betw control and 50M: *p<0.01 (Dunnett:

compare all vs control).
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Figure 6.2 Effect of NT8 on LTB-induced neutrophil adherence. Neutrophils (5 x
10°/ml) were pre-treated for 1 h with either 20 or 8@ of NT8, lauric acid or NTO and then
stimulated by adding 20 ul of LLEO.1uM). Adherence was measured by staining the cells
with Rose Bengal and reading the plates at OD %70 rThe data are expressed as % of the
control responses and presented as mean + SEMexp8riments, each conducted with
neutrophils from a different donor. The base amdidated OD 570 nm values + SEM for
the controls were 0.08 + 0.01 and 0.24 + 0.03 mspdy. Significance of difference
between control and 20 uM NT8, control and 50 uMBNifd control and lauric acid (50 pM):

*p<0.05, **p<0.01(Tukey-Kramer multiple comparisoiest).

191



200 -

. I ' I [
0

Control NT8—20pM NT8 Lauric acid
< 50pM—M8M8>

-

LA

(=
]

Adherence (% of control responses)
Lh
=

Treatment

Figure 6.3 Effect of NT8 on GM-CSF- induced neutropil adherence. Neutrophils (5 x
10°/ml) were pre-treated for 1 h with either 20 uM58r pM NT8, 50 uM lauric acid or 50
UM NTO and then stimulated by adding 20 ul of GMFC&0 ng/ml). Adherence was
measured by staining the cells with Rose Bengalraading the plates at OD 570 nm. The
data are expressed as % of the control responskgr@sented as mean + SEM of 3
experiments, each conducted with neutrophils frondifferent donor. The base and
stimulated OD 570 nm values + SEM for the contnwksre 0.08 + 0.00 and 0.21 + 0.04
respectively. Significance of difference betweemntmol and NT8 (50uM): *p<0.01

(Dunnett: compare all vs control).

192



250

— 200
o
o
(]
0,
5

- 150
B
3
L
o

= 100
8
o
i3
o
3

< 50

0

Control Lauricacid NTO Lauricacid NTO
< 20M >< 50yM ——>
Treatment

Figure 6.4 Effect of NT8 on IL-8-induced neutrophiladherence. Neutrophils (5 x 18ml)
were pre-treated for 1 h with either 20 or 50 uMNI8, lauric acid or NTO and then
stimulated by adding 20 pl of IL-8 (0.1 uM). Adbkace was measured by staining the cells
with Rose Bengal and reading the plates at OD %70 rThe data are expressed as % of the
control responses and presented as mean + SEMexjp8riments, each conducted with
neutrophils from a different donor. The base amdidated OD 570 nm values + SEM for
the controls were 0.08 + 0.00 and 0.18 + 0.03 retspay. Significance of difference

between control and 50 uM: *p<0.01 (Tukey-Krameltiple comparisons test).
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Figure 6.5 Effect of NT8 on C5a-induced neutrophiadherence. Neutrophils (5 x 18ml)
were pre-treated for 1 h with either 20 uM or 50 {NW8, 50 uM lauric acid or 50 UM NTO
and then stimulated by adding 20 pl of C5a (0.1 yuMAdherence was measured by staining
the cells with Rose Bengal and reading the plat€3a570 nm. The data are expressed as
% of the control responses and presented as mé&#MEof 3 experiments, each conducted
with neutrophils from a different donor. The basel stimulated OD 570 nm values = SEM
for the controls were 0.08 + 0.00 and 0.33 + 0.83pectively. Significance of difference

between control and 50 uM NT8: *p<0.05 (Tukey-Krammailtiple comparisons test).
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Figure 6.6 Effect of NT8 on LPS-induced neutrophibdherence. Neutrophils (5 x 19ml)
were pre-treated for 1 h with either 20 or 50 uMNI8, lauric acid or NTO and then
stimulated by adding 20 ul of LPS (10 ng/ml). Addree was measured by staining the
cells with Rose Bengal and reading the plates ab@Dnm. The data are expressed as % of
the control responses and presented as mean + $BMxperiments, each conducted with
neutrophils from a different donor. The base amdidated OD 570 nm values + SEM for
the controls were 0.07 £ 0.00 and 0.24 + 0.03 retspy. Significance of difference

between control and 50 uM NT8: *p<0.05 (Tukey-Krammailtiple comparisons test).
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6.3 The effect of NT8 on neutrophil chemotaxis

The chemotactic response enables neutrophilsitoatd and accumulate at sites of infection.
The exogenous chemoattractant fMLP, which promthtesrecruitment of neutrophils from
the blood to the inflammatory foci was used to agke sensitivity of this neutrophil response

to NT8.

Using the migration under agarose method, the tsffeCNT8 on neutrophil chemotaxis to
fMLP was examined. Neutrophils were treated witB@ or 50 uM of NT8 for 1 h and then
examined for migration towards fMLP. The effect\Nd 8 were also compared to treatment

with 50 uM of either NTO or lauric acid.

The results demonstrated that NT8 did not inhib&utrophil chemotaxis at both
concentrations and at the same time there wasnals&dfect observed on CQ treated cells in
the fMLP-induced chemotaxis (Figure 6.7). This gegjs that apart from being receptor
selective, NT8 inhibits the adherence but not cheant@ response to fMLP ie. is function

selective also. There also was no effect on ranchognation.

Previous studies found that CQ and its derivatiiase a different effects on random
migration and chemotaxis (Ferrardeal, 1986). Ferrantet al, (1986) demonstrated that
CQ inhibited random migration by 15 % at 40 uM a@h@motaxis (to fMLP) only by 12 %.
Kharazmiet al, (1983) found that chemotaxis towards caseinmwaskedly inhibited by CQ,

reaching a complete inhibition at 100 uM. Howeu@bro and Babin-Chevaye (1988)
found that the inhibitory effect of CQ on eithemdam migration or chemotaxis was

dependent on the method used to measure theséofigict The inhibitory effects of CQ on
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random migration, fMLP or activated serum inducedration was only observed when the
compound was directly incorporated into the agarose not when the cells were only
pre-treated with the compound, even at concentratid®?00 uM (Labro and Babin-Chevaye,

1988).
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Figure 6.7 Effect of NT8 on fMLP-induced neutrophil chemotaxis. Neutrophils (5 x
10°/ml) were pre-treated with either 20 uM, 50 pM NB®, uM lauric acid or 50 uM NTO
and then tested for migration in response to fMLBPata are presented as mean + SEM of 3

experiments, each conducted with neutrophils fragrffarent donor.
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6.4 Oxygen-dependent respiratory burst

Apart from the importance of the release of oxydenvative reactive species (ODRS) by
neutrophils in defense against microbial pathogdrese ODRS play a role in tissue damage
in inflammatory diseases such as rheumatoid aghfiiadjigogos, 2003; Mirshafiey and
Mohsenzadegan, 2008). Since we have an interevieloping NT8 and its derivatives as
anti-inflammatory agents, we investigated its déffean the ability of neutrophils to produce
ODRS. The response was measured as lucigenin-depechemiluminescence which has

been shown to be an assay for superoxide produoyioreutrophils (Gyllenhammar, 1987).

6.4.1 fMLP

The effect of NT8 on fMLP mediated lucigenin depemdrespiratory burst was investigated.
At higher concentrations than those which stimulettemotaxis, fMLP induces a modest
respiratory burst activity in neutrophils (Figur& Neutrophils were pre-treated with 0, 20
or 50 uM of NT8 and after 1 h were examined forrthbility to undergo the respiratory burst
activity induced by fMLP. The data showed that NT& no effect on the basal response
but inhibited the fMLP-induced response at 50 uMyFe 6.8) but not at 20 uM (data not
shown). The Kkinetics of the generation of chemiheacence in fMLP stimulated
neutrophils is shown in Figure 6.9. These shovirad the inhibition was also reflected in
the total amount of chemiluminescence producecda(areler curve). NT8 had no effect on

the basal respiratory activity of the cell (Fig6r8).
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6.4.2 LTB4

LTB,4 has been found to induce a number of functionahgks in neutrophil.  Apart from
acting as a chemotatic agent and stimulating nphircadherence, it also stimulates the
oxygen-dependent respiratory burst activity (Sahattal, 1991). When the effect of NT8
on LTB, mediated enhanced chemiluminescence response xaasned, the data showed
that NT8 at 50uM did not inhibit the response (Figure 6.10, 6.11The kinetics of the
generation of chemiluminescence in LI&imulated neutrophils are shown in Figure 6.11.
This is interesting in terms of the strong inhibjteffects of NT8 on the LTRBinduced

neutrophil adherence (6.2.2)

6.4.3 GM-CSF

GM-CSF is a neutrophil stimulator and plays an ingoat role in the activity of neutrophil
during inflammation (DiPersiet al, 1988; Gomez-Cambroneat al, 2003). This includes
the ability to stimulate ODRS production. The efé®f NT8 on this respose induced by the
cytokine was examined. Cells were treated withuB0 NT8 for 1 h and then challenged
with GM-CSF. The results showed that while NT&@tuM inhibited the respiratory burst

response induced by GM-CSF, this did not reaclmssital significance (Figure 6.12, 6.13).
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Figure 6.8 Effect of NT8 on fMLP-induced chemilumirescence. Neutrophils (5 x 18ml)

were pre-treated with NT8 (5uM) for 1 h and then stimulated by adding 100 ufMdtP

(0.1 puM). The resultant chemiluminescence productvas measured in a luminometer.
The data represent initial peak rates of chemilestence and are presented as the mean +
SEM of 3 experiments, each conducted with neutisplifom a different donor.
Significance of difference between control and fMI*Fp<0.001 and between fMLP and

fMLP + NT8: *p<0.05 (Tukey-Kramer multiple compauiss test).
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Figure 6.9 Effect of NT8 shown as kinetics of fMLHnduced change in
chemiluminescence. Data is a representative experiment of resultavehin Figure 6.8.
The data is presented as relative light units. tiéghils + diluents i), neutrophils + fMLP

(A), neutrophils + NT84) and neutrophils + fMLP + NT&).
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Figure 6.10 Effect of NT8 on LTB-induced chemiluminescence. Neutrophils (5 x 18ml)
were pre-treated with NT8 (5MM) for 1 h and then stimulated by adding 100 pLbB, (0.1
uM). The resultant chemiluminescence production wa&sasured in a luminometer. The
data represent initial peak rates of chemilumineseend are presented as the mean £+ SEM
of 3 experiments, each conducted with neutrophdsnfa different donor. Significance of

difference between control and LT:Bp<0.05 (Tukey-Kramer multiple comparisons test).
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Figure 6.11 Effect of NT8 shown as Kkinetics of LTBinduced change in
chemiluminescence. Data is a representative experiment of resultsvehin Figure 6.10.
The data is presented as relative light units. théphils + diluents &), neutrophils + LTB

(A), neutrophils + NT84) and neutrophils + LTB+ NT8 (o).
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Figure 6.12 Effect of NT8 on GM-CSF-induced chemilminescence. Neutrophils (5 x
10°/ml) were pre-treated with NT8 (50M) for 1 h and then stimulated by adding 100 pl of
GM-CSF (40 ng/ml). The resultant chemiluminescepceduction was measured in a
luminometer. The data represent initial peak rafeshemiluminescence and are presented
as the mean = SEM of 3 experiments, each condwgtacheutrophils from a different donor.
Significance of difference between control and GBIFC *p<0.05 (Tukey-Kramer multiple

comparisons test).

205



Chemiluminescence (RLU x 10%)

0 T T T T T
0 2 4 6 8 10

Time (min)

Figure 6.13 Effect of NT8 shown as kinetics of GM-BF-induced change in
chemiluminescence. Data is a representative experiment of resultsvehin Figure 6.12.
The data is presented as relative light units. tiéphils + diluents &), neutrophils +

GM-CSF (A), neutrophils + NT84) and neutrophils + GM-CSF + NT8
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6.5 Effects on arachidonic acid induced neutrophil respnses.

Arachidonic acid (AA) is a free fatty acid metalzedd via the cycloxygenase and
lipoxygenase pathways to produce biologically actiproducts eicosanoids, namely
prostaglandins, leukotrienes and lipoxins (Kriscbeal, 1998). However, it has also been
demonstrated that AA is a strong neutrophil agomistt induces neutrophil migration
inhibition, degranulation, adhesion and activatodrthe oxygen-dependent respiratory burst

(Ferranteet al, 2005).

Since AA represents an agonist with its own unigueperties and is generated during cell
activation in the inflammatory reaction, we exandinghether NT8 altered the neutrophil
stimulation by AA. Neutrophils were pretreated twid, 20 or 50 uM of NT8 and then
examined for AA induced adherence. The resultsvedahis NT8 inhibited the AA-induced
neutrophil adherence only at 50 uM (77 % inhibitionThe treatment with 50 uM of either

NTO or lauric acid had no effect on the AA respo(isgure 6.14).

The effect of NT8 on AA mediated neutrophil chemilnescence was also examined. AA at
30 uM resulted in a significant increase in chemilunsicence but the pre-treatment of
neutrophils with NT8 (5@M) for 1 h did not inhibit the neutrophil respiragdourst response
(Figure 6.15, 6.16). The results again demongtrdiat NT8 has selectivity for inhibition of

the neutrophil adhesion response.

207



200

3 150
o
o
oy,
8
B
§ 100
4
o
S
g
L 50
O
3
>

0

Control NT8-20pM Lauric acid
< 50 yM >
Treatment

Figure 6.14 Effect of NT8 on AA-induced neutrophiladherence. Neutrophils (5 x 19ml)
were pre-treated with either 20 uM or 50 UM NT8,8@ lauric acid or 50 uM NTO and then
stimulated by adding 20 pl of AA (3aM). Adherence was measured by staining the cells
with Rose Bengal and reading the plates at OD %70 rThe data are expressed as % of the
control responses and presented as mean + SEMexp8riments, each conducted with
neutrophils from a different donor. The base amdidated OD 570 nm values + SEM for
the controls were 0.07 £ 0.01 and 0.31 £+ 0.02 retspay. Significance of difference

between control and 50 uM NT8: *p<0.01 (Tukey-Krammailtiple comparisons test).
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Figure 6.15 Effect of NT8 on AA-induced chemiluminscence. Neutrophils (5 x 19ml)
were pre-treated with NT8 (5M) for 1 h and then stimulated by adding 100 pA#f (30
uM). The resultant chemiluminescence production wa&sasured in a luminometer. The
data represent initial peak rates of chemilumineseend are presented as the mean £+ SEM
of 3 experiments, each conducted with neutrophdenfa different donor. Significance of

difference between control and AA: *p<0.05 (Tukegakher multiple comparisons test).
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Figure 6.16 Effect of NT8 shown as kinetics of AArduced change in chemiluminescence.
Data is a representative experiment of results shawrigure 6.15. The data is presented as
relative light units. Neutrophils + diluents)( neutrophils + AA &), neutrophils + NT84)

and neutrophils + AA + NT8d)).
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6.6 The effect of NT8 on agonists which act at the poseceptor level, PMA and

A23187

One way of gaining some understanding of the pagewargeted by NT8 is by using an
agonist which acts at the post surface receptcgl lev stimulate the response. In these
investigations we have chosen two agents, PMA whicts on PKC, and A23187 which
mobilizes intracellular calcium. Both of these m@igehave been shown to stimulate both
neutrophil adhesion and respiratory burst respofi3agieset al, 1990; Guo and Ward, 2005;

Lew et al, 1986; Myerset al, 1990).

6.6.1 Adherence

In these investigations, neutrophils were pretakateh either 20 or 50 uM of NT8, 50 uM
NTO or lauric acid. The results presented in Fegétl7, show that the PMA-induced
adherence was significantly depressed at 50 uM NTBhere was no corresponding

inhibition either with NTO or lauric acid.

Stimulating an increase in intracellular®as been shown to enhance neutrophil adherence,
and calcium ionophore has been used to induce rdgponse (Davie®t al, 1990).
Calcium ionophore (A23187) selectively aids in thensport of C& across the natural and
artificial membranes so that calcium can accumukdding to enhanced neutrophil adhesion
(Lew et al, 1986). In our study, neutrophils were pre-trdatgth either 20 or 50 pM of
NT8 and then stimulated with A23187 to induce tledl adhesion response. The results
showed that NT8 caused an 80 % inhibition of A23k®luced neutrophil adherence at 50

UM (Figure 6.18).
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Figure 6.17 Effect of NT8 on PMA-induced neutrophiladherence. Neutrophils (5 x

10°/ml) were pre-treated with either 20 uM or 50 uM8\yB0 puM lauric acid or 50 uM NTO

and then stimulated by adding 20 pl of PMA (). Adherence was measured by
staining the cells with Rose Bengal and readingpla¢es at OD 570 nm. The data are
expressed as % of the control responses and pedsasiimean £ SEM of 3 experiments, each
conducted with neutrophils from a different donof.he base and stimulated OD 570 nm
values + SEM for the controls were 0.07 £ 0.01 ar@P + 0.09 respectively. Significance

of difference between control and pB! NT8: *p<0.01 (Dunnett: compare all vs control).

212



150

100
| I I

Control NT8-20 pM Lauric acid

< 50 pM.
Treatment

(=]

Adherence (% of control responses)

W

Figure 6.18 Effect of NT8 on A23187-induced neutrdpl adherence. Neutrophils (5 x
10°/ml) were pre-treated with either 20 uM or 50 pM8\B0 pM lauric acid or 50 pM NTO
and the stimulated by adding 20 pl of A23187 (Id). Adherence was measured by
staining the cells with Rose Bengal and readingpla¢es at OD 570 nm. The data are
expressed as % of the control responses and peesasiimean £ SEM of 3 experiments, each
conducted with neutrophils from a different donofhe base and stimulated OD 570 nm
values = SEM for the controls were 0.08 + 0.00 &ri8 + 0.16 respectively.  Significance

of difference between control and 50 uM NT8: *p<0(Tukey-Kramer multiple comparisons

test).
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6.6.2 Oxygen-dependent respiratory burst

PMA stimulates the neutrophil respiratory burstdaying on PKC (Allarcet al, 1999). The

effect of NT8 on PMA mediated oxygen-dependentiragpy burst was examined by the
lucigenin-dependent chemiluminescence assay. TEuo¢raphils were pre-treated with 50
UM of NT8 and the response to PMA was examined.e d&ta showed that there was no
inhibition in the response induced by this agofisgure 6.19). This contrasts with the
effects on the adherence response (Figure 6.17he HKinetics of the generation of
chemiluminescence in PMA stimulated neutrophils al®wn in Figure 6.20. These

demonstrated that the total chemiluminescence pextlwas similarly not affected by NT8.

The A23187-induced neutrophil respiratory burst aBs® measured in cells which had been
pre-treated with NT8 at 50M. NT8 did not cause any inhibition of the resforg burst
(Figure 6.21) and this was confimed in terms okasmg the kinetics of the generation of

chemiluminescence by A23187 (Figure 6.22).
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Figure 6.19 Effect of NT8 on PMA-induced chemilumiescence. Neutrophils (5 x 19ml)
were pre-treated with NT8 (5MM) for 1 h and then stimulated by adding 100 pPMA (0.1
uM). The resultant chemiluminescence productios weeasured in a luminometer. The
data represent initial peak rates of chemilumineseeand are presented as the mean £+ SEM
of 3 experiments, each conducted with neutrophdenfa different donor. Significance of

difference between control and PMA: *p<0.01 (Tuké&ymer multiple comparisons test).
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Figure 6.20 Effect of NT8 shown as Kkinetics of PMAaduced change in
chemiluminescence. Data is a representative experiment of results ahiowFigure 6.19.
The data is presented as relative light units. tidghils + diluents i), neutrophils + PMA

(A), neutrophils + NT84) and neutrophils + PMA + NT8&J}.
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Figure 6.21 Effect of NT8 on A23187-induced chemitninescence. Neutrophils (5 x
10°/ml) were pre-treated with NT8 (50M) for 1 h and then stimulated by adding 100 pl of
A23187 (10 uM). The resultant chemiluminescence production vmasasured in a
luminometer. The data represent initial peak rafeshemiluminescence and are presented
as the mean = SEM of 3 experiments, each condwgtacheutrophils from a different donor.
Significance of difference between control and AZB1*p<0.05 (Tukey-Kramer multiple

comparisons test).
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Figure 6.22 Effect of NT8 shown as kinetics of A28¥-induced change in
chemiluminescence. Data is a representative experiment of resultsvehin Figure 6.21.
The data is present as relative light units. Nmltils + diluents &), neutrophils + A23187

(A), neutrophils + NT84) and neutrophils + A23187 + NT8)
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6.7 The effects of NT8 are irreversible

To gain further insights into the mechanisms of Ndi&cts, we examined whether the
inhibitory effects were reversible by washing thedl after the pretreatment. Neutrophils
were pre-treated with either 20 or 50 uM of NT8 &mein washed three times with medium
before stimulating them with either TNF-RM or redomant TNF. Cell adherence was
measured. The results showed that the effect wasenersible by washing (Figure 6.23).
Similar results were obtained when recombinant Th#S used as the stimulator (Figure

6.23).

6.8 Effects of NT8 on agonist induced up regulation o€R3 expression.

It is well established that neutrophil agonistsy@ase the surface expression of the functional
cell surface receptors such as, CR3. This recqgays a role in neutrophil adhesion to
plasma coated surfaces (Schleiffenbaetal, 1989; Powellet al, 1997). It was therefore
of interest to examine whether NT8 caused a redluati the ability of TNF to induce an
increase in expression of this receptor. To folldve expansion of CR3 we used a
monoclonal antibody against the CD11b peptide «f thceptor and used flow cytometry
analysis as described in Chapter 2.16 (Moghaddsdnai, 2003). When neutrophils were
pre-treated with 50 uM of NT8 for 1 h and then stiaed with TNF-RM, there was no
reduction in CR3 expression (Figure 6.24). A hgston of the results obtained from a

representative experiment is shown in Figure 6.25.
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Figure 6.23 Irreversible effect of NT8 on TNF-RM/TNF mediated neutrophil adherence.
Neutrophils (5 x 18ml) were pre-treated with 5@M of NT8 for 1 h and prior to stimulation;
cells were washed three times with HBSS. Adhe®ngeresponse to TNF-RM or TNF
were then tested. The data are expressed as %e afontrol responses and presented as
mean + SEM of 3 experiments, each conducted wititraphils from a different donor. The
base and stimulated OD 570 nm values + SEM forctdrols were 0.08 + 0.01 and 0.26 +
0.05 and 0.07 = 0.03 and 0.34 = 0.05 respectivelyignificance of difference between
control and TNF-RM + NT8; control and TNF + NT8:<@.01 and **p<0.001 respectively

(Tukey-Kramer multiple comparisons test).

220



800

600

400 -

200

Mean fluorescence intensity
(% of control)

Control TNF-RM TNF-RM +
Treatment

Figure 6.24 Effect of NT8 on TNF-RM-induced CD11b xpression. Neutrophils (5 x
10°/ml) pre-treated with NT8 (5aM) for 1 h were then stimulated with TNF-RM (1 h)The
cells were then stained with a PE-labelled moudehaman CD11b antibody and CD11b
expression analyzed by flow cytometry. Data exggdsas mean % of control £ SEM from 3
experiments, each conducted with neutrophils frondiféerent donor. Significance of
difference between control and TNF-RM: *p<0.01 (éyk<ramer multiple comparisons

test).
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Figure 6.25 Histogram of the effects of NT8 on TNIRRM-induced increase in CD11b

expression. Data is a representative experiment of results showigure 6.24.
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6.9 Effects on TNFR expression

In consideration of the data from Chapter 4, 5,n8l &om the above data generated,
adherence induced by TNF was highly sensitive eattion of NT8. This response was
inhibited at 20 uM. At this concentration the r@sges to agonists which bypass the surface
receptor, PMA and A23187 were not affected. Oneasimbe action of NT8 on the
TNF-induced response is to cause an alteratiorherekpression of TNF receptors. This
was therefore investigated. Neutrophils were iateith with NT8 for 1 h and then examined
for expression of TNFRI and TNFRIlI using anti-CD&2@nd anti-CD120b labeled
monoclonal antibodies (Moghaddaeti al, 2003). The corresponding labeled {gsdtype
antibody was used as isotype control. The celleeviken treated and analysed by flow

cytometry.

The data presented in Figure 6.26 show that NT8ifsigntly decreased the expression of
TNFRII but not TNFRI. This occurred at 20 uM, saegting that the inhibition of the

TNF-induced adherence response is likely to be tdua decreased in expression of this
receptor. Representative histograms for this #atze been presented in Figure 6.26 and

6.27A and B.
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Figure 6.26 Effect of NT8 on neutrophil TNF recepto| and Il expression. Neutrophils

(5 x 1¢/ml) in HBSS were pre-treated with various concation of NT8 (20 and 50M) and
then stained with either anti-CD120a) (or CD120b &) for 30 min. An isotype control,
mouse IgG, was also used. Then a goat anti-mouse FITC ddbehmunoglobulin was
added and the cells incubated for a further 30 mirhe cells were washed and the levels of
TNF receptor | and Il are measured using a FACsc®ata expressed as mean fluorescence
intensity minus the isotype control + SEM of 4 esipents each done in duplicate with
neutrophils from a different donor.  Significandeddference in the CD120b group, between
control and 20 uM and between control andud group: *p<0.05 (Tukey-Kramer multiple

comparisons test).
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Figure 6.27 Histogram of the effect of NT8 on TNFR[A) and TNFRII (B).  The data is

from a representative experiment of results preskmt Figure 6.26.
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6.10 Effects on sphingosine pathway

Since NT8 has a structure that is similar to 3-<ketonganine (3KDS) (gH3/NO,), one of
the substrates crucial for ceramide formations ppossible that NT8 affects 3KDS synthesis.
A serine palmitoyl transferase assay was perforasadrding to Williamset al., (1984) and
Holleranet al.,(1990) to measure the final yield product 3KDSlascribed in Chapte 2.13.3.
A microsomal protein fraction was prepared from s®iiver. The reaction mix, containing
all the initiating substrates such as pyridoxal sgtate, palmitoyl CoA,*H] serine, serine
and microsomal protein was prepared. A modificatiwas made to the experiment by
adding NBPP, ATP or My so as to increase the yield of the final produddT8 (100uM)
was also added to the mixture to see if it inhibis formation of 3KDS. The reaction was
terminated by adding ammonium hydroxide and theaetbn of the final product was
affected by the addition of sphingosine base anshimg with chloroform. The amount of

3KDS generated was then measured in a scintillatoomter.

Due to the fact that this experiment is measurlmg generation of 3KDS which depends
highly on the availability of palmityl CoA enzymsubstrates/inhibitors such as NBPP, ATP
and Md" were incorporated into the experiment to aid ithesi the regeneration or the
availability of this enzyme. Results showed thaither NBPP or ATP resulted in an
increase of the vyield for 3KDS (Figure 6.28). Heeewhen ATP was added along with
Mg®*, thisresulted in an increase of 3KDS was yielded anceuntitese conditions, NT8 at

100uM did not result in the inhibition of the generatiof 3KDS.
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Figure 6.28 Effect of NT8 on serine palmitoyltransferase activty. Assays were
conducted under different conditions so to incretme SPS activity. NBPP, ATP or a
combination of ATP and Mg was used along with NT8 and the resulting radivigtwas
measured via a Beta counter. Data expressed iggyaper pmol/min/mg produced + SEM

from 2 experiments. Significance of differenceviEgn control and ATP + Mg *p<0.01

(Tukey-Kramer multiple comparisons test).
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6.11 Summary

It is evident from the data presented in this chiagtat in comparison to several other cell
surface receptor acting agonists NT8 preferentiabits the neutrophil adherence response to
TNF (Table 6.1). Of the six other agonists examifdLP, LTB,, GM-CSF, IL-8 C5a and
LPS only the response to LI®as affected to a similar degree to the TNF respdiiabe

6.1).

The effects on the TNF response were unrelatedotwstireceptor binding effect. At 20 uM
neither the PMA nor the A23187 induced adherenspamrse was affected. It was evident
that NT8 down regulated the expression of TNFRtlrmt TNFRI on neutrophils, most likely
accounting for the decreased response at this otratien. It was however interesting that

the TNF-induced upregulation of CR3 expression m@saffected by NT8.

As the concentration of NT8 increased to 50 uM, dbkectivity of the TNF responses was
lost as we saw an effect on adherence inducedllagahists tested. At this concentration
substantial inhibition occurred for responses irlioy PMA and A23187, suggesting that an
effect at the post surface receptor level was at@ehe mechanism of action. Attempts to
define this further, met with limited success. Tessibility that NT8 was affecting the

sphingosine pathway was examined but this appesrenb be the case.

In chapter 5, data was presented which showed ittalbition of the respiratory burst
response induced by TNF was restricted to 50 uM.NTREhis also occurred for fMLP but
not LTB, and GM-CSF. The results then suggest that NT8heference in inhibiting this

response to TNF. This was further supported byfdbethat the responses to AA and PMA
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were not inhibited.

While TNF is not a chemoattractant for neutropltileras of interest to see if NT8 altered
other neutrophil functions such as chemotactic aesppeness to fMLP. No effect was

observed. This again clearly supported our vieat NiT8 has selective effects on neutrophil

responses.
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Table 6.1 Summary of the effects of NT8 on neutiiogdtherence.

NT8 (% of inhibition)

Stimulus 5uM 20 uM 50 uM
TNF-RM 0 40 85’
TNF 0 67 85’
fMLP 0 0 8T
LTB, 0 A4 71°
GM-CSF 0 6 78
IL-8 0 25 58
C5a 0 0 67
LPS 0 11 52
AA 0 0 77
PMA 0 7 67
A23187 0 1 79

The values represent the % inhibition of the admaesponse caused by the indicated
amounts of NT8 from 3 experiments. Significancelifference from controfp<0.05,

Pp<0.01 andp<0.001 (Tukey-Kramer multiple comparisons test).
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7.0CHAPTER 7 THE EFFECTS OFNT COMPOUNDS ON

MONONUCLEAR CELL RESPONSES
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7.1 Introduction

The hallmark of chronic inflammatory diseases suash RA is the intense infiltration,
activation and proliferation of macrophages and shbsequent release of cytokines which
regulate lymphocytepe se or other leukocytes such as macrophages at ithftesamatory
sites. Similarly, macrophage’s action in this ds®is also mediated through the release of
cytokines such as TNF at these inflammed sites.es&hfunction in ann vitro setting
provide a useful approach to assess the effeckéT8f on the lymphocyte and macrophage

responses.

CQ and HCQ have been shown to inhibited superoxien release from monocytes as well
as phospholipid methylation (Hurst al, 1986), down-regulated monocyteyRcexpression
and depressed ILB1 IL-2, TNF and IL-6 production (Goldring and Nemawoi, 1999; Jangt
al., 2006; Landewest al, 1995; Karreset al, 1998). Moreover results from clinical trials
showed that proliferation responses of lymphocytesnm RA patients treated with
chloroquine for a period of 3.6 years were inhibitmpared to cells from controls (Panayi
et al, 1973). The presentation afsteria antigens to T cells was also inhibited by CQ
(Ziegler and Unanue, 1982). The anti-malarial dwas also found to disrupt calcium
signals in T cells, and B cells (Goldmat al, 2000). Another cell signal which CQ

inhibited was the activation of ERK in PBMCs (Welk¢al, 2002).

Furthermore, HCQ has been found to inhibit macrgphaccumulation in a peritoneal
inflammation model (Ackermaret al, 1980) and CQ resulted in a decreased papaya
latex-induced rat paw inflammation (Gup& al, 1992). The effects on mononuclear

leukocytes were manifested both as an inhibitocedf proliferation, cytokine production,
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signal transduction and antigen presentation. eSooth T cells and macrophages are major
players in the pathogenesis of chronic inflammaitdiseases and CQ and HCQ have been
found to be useful in treating conditions such @ Re examined the effects of NT8 on T
cell and macrophage function. It was therefore irtgrd to extent of the leukocyte inhibition
properties of the NT compounds on mononuclear leyieofunctions. The aim of the present
study was to exmine the effects of NT compounds$yophocyte proliferation and cytokine

production as well as effects on cytokine producby macrophages.

7.2 Effect of NT compounds on PHA-induced lymphocyte poliferation

Initial studies examined the effects of NT compaunon PHA-induced lymphocyte
proliferation. Human PBMCs were pre-incubated wih pM of an NT compound or
chloroquine for 1 h and then challenged with PHAfter 48 h of culture the degree of
proliferation was assessed. The data presentédhbie 7.1 demonstrate that none of the 13
NT compounds examined caused inhibition of T cedlliferation. However at the same

concentration CQ caused a 50 % inhibition of thé&Fktuced lymphoproliferation.
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Table 7.1 Effect of NT compounds and CQ on PHA stated lymproliferation.

Compounds (NT) Proliferation

(% of control responses)

0 92 +1.53
1 90 + 4.04
2 95 +6.01
3 97 +4.58
4 87 +2.73
5 88 +4.98
6 89 +2.52
7 99 + 3.06
8 95 +2.52
9 95 +2.60
10 88 + 4.04
11 93 +7.00
12 109 +11.06
13 96 + 7.84
CQ 52 + 0.58*

PBMCs were pre-treated with 20 of an NT compound or CQ for 1 h. Dadse
expressed as the mean % of metRAiHthymidine incorporated in control group
SEM from 3 experiments, each conducted with PBM@snf a different donor.
Significance of difference between control and Gx0.001 (Dunmtt compare all v

control).
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7.3 Effect of NT8 and CQ on PHA-induced lymphocyte cytkine production

Although the above results showed that NT8 did nothibit PHA-induced
lymphoproliferation, measuring this function doed simply imply that other functions such
as cytokine production are not affected. Furtlheestigations were conducted to examine

the effects of NT8 on the PHA-induced T cell pramtue of IFN+y, IL-2, LT and IL-10.

In these assays the PBMCs were pre-exposed ta @thgM or 50 uM of NT8 for 1 h and
then challenged with PHA. Other sets of PBMCs wezated with either lauric acid, NTO
or CQ. The cells were cultured for 48 h and pulsét *H-TdR for further 6 h. Prior to

harvesting the cells, cell-free culture supernatmadre collected for cytokine measurement.

The results are summerized in Table 7.2. The da@ved that while CQ inhibited
lymphoproliferation (Figure 7.1), NT8 had no effeantd neither did lauric acid nor NTO.
CQ at 50 uM significantly inhibited the productiohlL-2 and IL-10 but not IFM and LT by
PBMCs stimulated with PHA (Figure 7.2). The mo$¢cted was the production of IL-10.

In compansion, NT8 treatment of PBMCs had no effecthe production of any of the four
cytokines examined. The effects of CQ on lymphecptoliferation did not follow a
concentration related effect over 5-50 uM. Sigaifice was seen at 5 and 50 uM but not at

20 uM.
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Table 7.2 Effect of NT8 on lymphoproliferation acygtokine production in human mononuclear cell agtu

NT8 (uM) LA (uM) NTO (uM)
Stimulus Function 20 50 20 50 20 50
PHA Proliferation 107 £ 12 109 + 16 113+ 21 121 90+6 102 +8
IFN-y ND 156 + 44 ND 92 +18 ND 87 £16
IL-10 ND 97 £ 10 ND 102 + 10 ND 98 £ 10
IL-2 ND 177 +76 ND 151+ 30 ND 180 + 44
LT ND 161 +29 ND 124 + 32 ND 133+ 36
TT Proliferation 98 + 16 76 +24 88 +24 110+ 22 8824 55+ 17
IFN-y ND 71+£17 ND 141 £ 22 ND 68 £ 16
IL-10 ND 53+13 ND 90 +18 ND 40+%
IL-2 ND 212 +63 ND 96 +9 ND 100 + 34
LT ND 66 + 25 ND 146 + 34 ND 75116
S.aureus Proliferation 85+ 25 80 + 17 8711 127 95+12 113 +51
LPS TNFe ND 189 + 62 ND 224 +5 ND 201 + 118
IL-18 ND 125 + 27 ND 174 £+ 21 ND 88 +31
IL-6 ND 117 +6 ND 118+ 10 ND 87 +12

Data are expressed as the mean of % control val&&3M from 3 experiments, each conducted with PBNtG@s different donor.
Significance of difference from contrép<0.05(Tukey-Kramer multiple comparisons test).
Abbreviations: LA-lauric acid, LT-lymphotoxin, TBtanus toxoid and ND- experiment not done.
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Figure 7.1 Effect of CQ on PHA- induced PBMC prolieration. PBMC (5 x 16/ml) were
pre-treated with varying concentrations of CQ fdr 4nd then stimulated by adding 100 ul of
PHA (2 pg/ml) for 48 h 37 °C with 5 % GOSix hours prior to harvesting, cells were pulsed
with 1 pCi of methyl-PH]-thymidine and incorporated radioactivity measur&he data are
expressed as % of the control and presented as ®BM of 3 experiments, each conducted
with PBMCs from a different donor. The basal atichslated DPM values + SEM were
1774 £ 529 and 185062 + 73573 respectively. Sicpniice of difference compared to

control: *p<0.05 (Dunnett: compare all vs control).
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Figure 7.2 Effect of CQ on PHA-induced cytokine prduction. PBMCs (5 x 1&ml)
were pre-treated with CQ (50 puM) for 1 h and themglated by adding 100 pl of PHA (2
png/ml) for 48 h at 37 °C with 5 % GO Cell culture fluids were harvested and cytokine
levels measured by cytometric bead array. The ala@aexpressed as % of the control and
presented as mean + SEM of 3 experiments, eachuctedi with PBMCs from a different
donor. Significance of difference compared tatod: *p<0.05 (Dunnett: compare all vs

control).
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7.4 Effect of NT8 and CQ on tetanus toxoid-induced lympoproliferation and cytokine

production

Further properties of NT8 on lymphocytes were exeaaiin a system in which the responses
are driven by an antigen, tetanus toxoid (TT). PBMCs were pre-treated with 5, 20 or 50
UM NT8. The cells were then stimulated with TT aegamined for lymphocyte
proliferation and production of IFN-IL-2, IL-10 and LT. Other treatments included N T

lauric acid and CQ.

The results showed that as with the PHA-induced &l ecesponses, TT-induced
lymphoproliferation were markedly inhibited by CQable 7.2, Figure 7.3). The response
was inhibited by > 95 % at 50 pM CQ. It was alsaent that 5 uM CQ was effective in
inhibiting the response (Figure 7.3). A comparisgnthe effects of 50 uM CQ on the
production of the four cytokines showed that ingigantly inhibits all four cytokines (Figure
7.4). IL-2, which is required for T cell prolifdran was also inhibited by CQ. The most
sensitive to CQ was LT and IFN{Figure 7.4). This highlights some important gdjes

of CQ which are likely to have relevance to its-amlammatory function.

In contrast to the effects of CQ, neither NT8 nd@ONor lauric acid inhibited antigen-induced

T cell proliferation and cytokine production (Tale2), although NTO and NT8 both caused

some inhibition to IL-10 production.
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Figure 7.3 Effect of CQ on tetanus toxoid-inducedyimphoproliferation. PBMCs (5 x
10°/ml) were pre-treated with varying concentratiofisC® for 1 h and then stimulated by
adding 100 pl of TT (1 pg/ml) for 5 days at 37 °@wb % CQ. Six hours prior to harvesting,
cells were pulsed with 1.Ci of methyl-fH]-thymidine and incorporated radioactivity
measured. The data are expressed as % of theolcantt presented as mean + SEM of 3
experiments, each conducted with PBMCs from a wiffedonor. The basal and stimulated
DPM values + SEM were 3855 + 1894 and 82069 = 16@&$pectively. Significance of

difference compared to control: *p<0.05 (Dunnettmpare all vs control).
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Figure 7.4 Effect of CQ on tetanus toxoid-inducedytokine production. PBMCs (5 x
10°/ml) were pre-treated with CQ (50 pM) for 1 h ahdrt stimulated by adding 100 pl of TT
(1 pg/ml) for 5 days at 37 °C with 5 % @O Cell culture fluids were harvested and cytokine
levels measured by cytometric bead array. The aa@aexpressed as % of the control and
presented as mean = SEM of 3 experiments. Signifie of difference compared to control:

*p<0.05 and **p<0.01 (Dunnett: compare all vs cohjtr
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7.5 Effect of NT8 and CQ onS.aureus —induced lymphoproliferation

Since NT8 has no effect on PHA mediated PBMC peddifion, the effect oS.aureusa B
cell mitogen, induced proliferation was examinedrfigrenet al, 1976). PBMCs were first
pre-treated with NT8, NTO, LA or CQ and then stiatall withS.aureus Cell proliferation
was assessed by measuring the degre® dhymidine incorporation after 48 h of culture.
Results showed that there was no effect onSlaeireusnduced PBMC proliferation at 50
uM by NT8, lauric acid or NTO (Table 7.2). Howevtris response was significantly

inhibited by CQ at 5@M (Figure 7.5).

7.6 Effect of NT8 and CQ on LPS-induced cytokine produtin PBMCs

LPS is a strong inducer of the pro-inflammatoryokytes TNF, IL-B and IL-6 from
macrophages (Xaust al, 2000; Westet al, 1997; Hirohashi and Morrison, 1996). These
play important roles in the pathogenesis of chramlammatory diseases (Moller and Villiger,
2006; Feldmann and Maini, 2001). PBMCs were peated with either NT8, NTO, LA or
CQ and then stimulated with LPS. The results siioweat NT8 had no effect on
LPS-induced cytokine production (Table 7.2, Figiré). At the same concentration CQ
inhibited the production of these cytokines, altfjowsignificance was only reached with
IL-1B8 and IL-6. In view of the role of these cytokineshronic inflammatory diseases such

as RA, it is likely that this property of CQ coibtmites to its anti-inflammatory effects.
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Figure 7.5 Effect of CQ onS.aureus-induced lymphoproliferation. PBMCs (5 x 1&/ml)
were pre-treated with varying concentrations of iGQL h and then stimulated by adding 100
ul of S.aureug1 x 1¢/ml) for 48 h at 37 °C with 5 % COSix hours prior to harvesting, cells
were pulsed with iCi of methyl-FH]-thymidine and incorporated radioactivity measlre
The data are expressed as % of the control an@ngessas mean + SEM of 3 experiments,
each conducted with PBMCs from a different dondrhe basal and stimulated DPM values
+ SEM were 576 + 89 and 4161 + 2620 respectiveBignificance of difference compared to

control: *p<0.05 (Dunnett: compare all vs control).
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Figure 7.6 Effect of CQ on LPS-induced cytokine prduction. PBMCs (5 x 1&/ml) were
pre-treated with CQ (50 uM) for 1 h and then stiambedi by adding 100 ul of LPS (10 ng/ml)
for 48 h at 37 °C with 5 % CO Cell culture fluids were harvested and cytokieeels
measured by cytometric bead array. The data apeessed as % of the control and
presented as mean £ SEM of 3 experiments, eachuctedl with PBMCs from a different
donor. Significance of difference compared to oant*p<0.05 (Dunnett: compare all vs

control).
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7.7 Summary

The data showed that none of the NT compoundsedltdre lymphoproliferation response
induced by PHA in human PBMC cultures. This isdontrast with their effects on

neutrophil functions (Chapter 4).

Further studies with NT8 showed that the compoudddt inhibit the cytokines, IFN; LT,
IL-2 and IL-10 in response to PHA. Similarly, vdityle effect was observed on the tetanus
toxoid-induced lymphoproliferative response andokite production. The response of B
cells toS.aureusvas not affected as well. Furthermore, the resparf macrophages in the

PBMCs to LPS was also not affected, in terms of ,TINA and IL-6 production.

In contrast CQ inhibited lymphoproliferation andtakine production induced by the

mitogens, antigens and LPS.

245



8.0 CHAPTER 8 EXAMINATION OF THE ANTI -INFLAMMATORY

PROPERTY OF NT8 IN VIVO
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8.1 Introduction

While we still need to characterize the properaedT8 more extensively, it is evident that
NT8 has a preference for inhibiting neutrophil @sges (Chapters 4 to 7), particularly
sensitive was the cell adhesion response initiaye@iNF and LTB. Because these are key
mediators of the inflammatory responses and indetll are targets for pharmaceuticals, we
were interested to see if NT8 was anti-inflammataryivo ie. within the complexity of an
inflammatory reaction (Montecucaet al, 2008; Onnheinet al, 2008; Richteret al, 1995;
Mathis et al, 2007; Schultzet al, 1991). The upregulation of neutrophil adhesisram
important early step in the inflammatory procesd @nwould thus be expected that NT8’s

properties should be translated to the in vivooesp.

The study employed a classical animal model beisgduvidely, LPS induced peritoneal
inflammation. Apart from being a well establishedvivo model for acute inflammation, it
can provide us with informations such as the typeetls as well as their infiltration rate that
can be found in the inflammed cavity. NeutrophiNH and LTB, in particular, play an
important role in this model (Canett al, 2003; Cunha and Tamashiro, 1992; Cuahal,
2008; Mercer-Jonest al, 1999; Zagryagskayet al, 2008). The aim of the present research

was to examine the anti-inflammatory response o8 Milthe LPS-induced peritonitis model..

8.2 Effect of NT8 on LPS-induced inflammation

The effect of NT8 on the LPS-induced inflammatoegponse was examined. NT8 at 70
mM/kg was injected (ip) 1 h before a 50 ug LPS leimge (ip). The animals were sacrificed

24 h later and the peritoneal exude cells collectékhe result showed that LPS induced a
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significant recruitment of neutrophils to the pemieal cavity, but not macrophages (Figure
8.1). Although pre-treatment of mice with NT8 befd.PS caused a decrease in neutrophil
influx, it did not reach significance. Further exipnents were conducted with an increase in

NT8 pre-treatment time.

In the subsequent experiments NT8 was injecte¢pdadn to the LPS challenge. After 24 h
peritoneal exude cells were collected and cellsmemated. While there was also a
significant increase in neutrophil influx in the caiwhich received NT8 alone, there was a
marked reduction in the number of neutrophils ia preritoneal cavity induced by LPS as a
result of the NT8 treatment (Figure 8.2). No dff@e macrophages number was observed.
In a second set of experiments, two doses; 40 mi18nmM/kg of NT8 were examined.
The mice were treated with NT8 4 h prior to the LéMallenge. After 24 h the peritoneal
exudates were collected and cellular infiltrate neixeed. The results showed that NT8
caused a signifcant decrease in neutrophil influ#CamM/kg body weight (Figure 8.3) but
that this was markedly increased at 80 mM/kg (FeggiB). In contrast the effect of LPS on

peritoneal macrophage number was not altered (Eigu).
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Figure 8.1 Effect of short (1 h) NT8 pre-treatmenttime on LPS-induced peritoneal
cavity inflammation. Mice were injected intraperitoneally with NT8)(mM/kg) 1 h prior
to PBS or LPS (5Qug) challenge. At 24 h, the animals were euthanaed number of
neutrophils ) and macrophageas) in peritoneal cavity washouts enumerated. Data i
expressed as the mean number of cells/ml + SEMavfifhals. Significance of difference in
the number of neutrophils between PBS and LPS grtps0.001 (Tukey-Kramer multiple

comparisons test).

249



400

*Ekk

300 '|'

200

**

Number of cells/ml (x 104)

100

PBS LPS NT8 NT& + LPS
Treatment

Figure 8.2 Effect of 4 h NT8 pre-treatment time onLPS-induced peritoneal cavity

inflammation. Mice were injected intraperitoneally with NT8(mM/kg) 4 h prior to PBS
or LPS (50ug) challenge. At 24 h, the animals were euthanamwed number of neutrophils
(o) and macrophages) in peritoneal cavity washouts were enumeratedatals expressed
as the mean number of cells/ml + SEM of 6 animalSignificance of difference in the
neutrophil group: between PBS and LPS; PBS and N'P& and NT8 + LPS; and in the
macrophage group: between PBS and LPS. *p<0.05,<Gfl and ***p<0.001

(Tukey-Kramer multiple comparisons test).
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Figure 8.3 Dose dependent effect of NT8 on LPS-indad neutrophils influx. Mice were
injected intraperitoneally with either 40 mM/kg)(or 80 mM/kg @). Four hours later,
animals were then challenged (ip) with LPS (&) or PBS. At 24 h, the animals were
euthanized and number of neutrophils in peritoma&ity washouts enumerated. Data are
expressed as mean number of neutrophils/ml £ SEMasfimals per group. Significance of
difference in 40 mM/kg group: between PBS and L&8] 80 mM/kg group: between PBS
and LPS, between LPS and NT8 + LPS: *p< 0.05 angk®01 (Tukey-Kramer multiple

comparisons test).
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Figure 8.4 Dose dependent effect of NT8 on LPS-inded macrophages influx. Mice
were injected intraperitoneally with either 40 mig/) or 80 mM/kg @). Four hours later,
animals were challenged (ip) with LPS (@) or PBS. At 24 h, the animals were
euthanized and number of macrophages in peritaaealy washouts enumerated. Data are
expressed as the mean number of macrophages/ml M &EG6 animals per group.
Significance of difference in 80 mM/kg group: beeme PBS and LPS: *p<0.05

(Tukey-Kramer multiple comparisons test).
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8.3 Summary

At optimal pre-treatment time and in a dose relateamhner NT8 inhibited the influx of

neutrophils in the peritoneal cavity of mice ingtwith LPS. No effect on the number of

macrophages in the peritoneal cavity occurredrasut of the treatment with NT8.
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9.0 CHAPTER 9 DISCUSSION
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Discussion

The research in this thesis has revealed the syistlod a new structure, following the
conjugation of quinoline with fatty acids, whichvgs rise to singular immunomodulatory
properties (Table 9.1). These conjugates havectsatg for neutrophil responses, in
particular adherence and cytokine production wabeatially little effects on lymphocyte and
macrophage function. Their effects contrast tas¢hof CQ and HCQ. The comparative

structures of the anti-malarials and NT8 are preskm Figure 9.1.

NT compounds: structure, physical and chemical properties

The immunomodulatory properties of anti-malarialigh have been extensively studied and
these agents have been widely used as model exapfglaproving drug action by structural
modification, usually on the side chain and notrihg structureper se Such modifications
have been necessary to overcome the emergencsistarg strains of malarial parasites as
well as the concerns in cell or organ toxicity rgpd in patients being given the drugs. Past
studies aiming to generate the modified compoursd® heported that replacing the 7-chloro
group on the ring structure by electron donor amntddvawing groups such as NHOCH; or
NO; results in the reduction in anti-malarial activifiggan, 2005), however, modification
made to the side chain of 2-3 carbons or of medamain length of 10-12 carbons still
retained the anti-malarial property of the compo(Kagstad and Schlesinger, 1987; Ridley
et al, 1996). These modified compounds give rise tongka in their metabolism, efficacy
in vivo againstplasmodium falciparunand the chance of developing resistance towarls th

new compound (Ridlegt al, 1996).
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The ability of short, medium and long chain fattyids to regulate inflammation has been
well documented. These fatty acids were succdgsfahjugated to the quinoline structure
of chloroquine by adding the appropriate acid dde(side chain of interest) to a solution of
4-amino-7-chloroquinoline to yield the new quinehfatty acid conjugate. The newly
synthesized NT compounds were off white powderh wite exception being NT6 which was
an oil. The solids had melting point ranges from180 °C except for NT13 which was
28-29 °C. The overall yield was 14- 58 % with tbevest being NT2 and highest was with
NTO. The formation of NT2 had the lowest yield Ipably due to the lack of reactivity of

the fully saturated long chain stearoyl chloride.

Synthetically, these compounds differ to the comtes@al preparations of chloroquine-like
analogues, which typically involve taking 4,7-diatdquinoline with neat excess amine and
heating the solution to reflux to effect nucleophidiromatic substitution. In our case we
believed it was easier to start with an aminoquimeoblnd generate secondary amides rather
than using long chain amines (branched or substijuivhich has been well researched for

decades.

The lead compound as determined from the biologesallts was NT8 (C12 carbon chain). In
an effort to shed further light on its structurendty relationship, its structure was energy
minimized by use of the Spartan Computer MolecMadeling program as shown in Figure
9.2. The model highlights the planarity of the aatiorings and the linearity of the alkyl

chain. To date we are unable to delineate as to W is the lead compound based on its
structure. Future work will be conducted in ourdediory examining further aspects of

altering structural elements of NT8.
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Table 9.1 Summary effects of NT8 on neutrophil fuorts.

NT8 mediated responses

Agonist Adherence Chemotaxis Chemiluminescence

20uM  50pyM  20pM  50uM  20uM 50 pM

TNF-RM V \ NA NA X V
TNF v \ NA NA X v
fMLP X \ X X X v
LTB, V \ ND ND X X
GM-CSF X \ NA NA X V
IL-8 X \ ND ND NA NA
C5a X \ ND ND NA NA
AA X \ NA NA X X
PMA X \ NA NA X X
A23187 X \ NA NA X X

Abbreviations:V- inhibition observed, x- no inhibition, ND- expewent not done

and NA-not applicable.
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Figure 9.1 Structural comparison of CQ (A), HCQ (B) NT8 (C) and NTO (D).
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Figure 9.2 The three dimensional molecular structte of NT8 compound. Carbons are
represented by grey molecules, hydrogens in greeygen in red, nitrogens in blue and

chloride in orange.
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Modulation of TNF-induced neutrophil adhesion

During inflammation, endogenously generated inflatory mediators play diverse roles in
bringing about the accumulation of neutophils te #ite. This includes the stimulation of
neutrophil adhesion to the endothelium and varitgsue substrates by cytokines. Using
both cytokine TNF rich medium and recombinant TMFstimulate neutrophils, we have
shown that several of the NT compounds were ablahibit neutrophil adhesion. There
was no simple relationshiop between fatty acidcstme and the effects on these neutrophil
functions. While the difference between NT1 and3Ng that the latter has a double bond,
both had similar inhibitory activity. NT8, whiclontained lauric acid (12 carbon saturated
fatty acid) was the most effective of the 13 compsutested. Both the basal compound
NTO and lauric acid had no effect on TNF-inducedtraphil adherence. This suggests that
the synthesis has generated a molecule with a aegtibn of an anti-neutrophil effect. This
iIs somewhat suprising since previous studies hawsdstrated that 6-12 carbon chain length
fatty acids actually directly increase human neatilbadhesion (Wanteat al, 2002; Wanten

et al, 2000a).

Under these conditions the NT8 compound did natcafheutrophil adhesion induced by a
number of other cell surface receptors acting aiero a similar degree as the TNF-induced
response. Thus at 20 uM concentration of NT8,eth@as significant inhibition of the
TNF-induced response but not adhesion induced byPfMcGM-CSF, IL-8, C5a, and AA.
The only exception was LTHnduced adherence. Interestingly this concemtnatf NT8
caused a significant reduction in the expressionMiFRIl. There was no significant effect
on TNFRI expression. It is therefore likely th&eteffects that we are seeing at this

concentration relates to a decrease in the expresdi this receptor. The selectivity for
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TNFRII was further strengthened by the finding ttreg TNF-induced increase of CR3 was

not affected. It is however interesting that thepense to LTBwas also affected.

From our results it is evident that TNFRII is edgdrfor the neutrophil adhesion response to
TNF. TNFRII has been reported to act as a ligaarttlhng step for TNFRI (Tartagliet al,
1993; Portewet al, 1991) but others have suggested that TNFRIlait@s signalling events
responsible for effector function (Bigad al, 1994; Montecuccet al, 2008; Weis<t al,
1997). Our results suggested that TNF-induced radice is likely to be regulated by
TNFRIl.  The same concentration of NT8 which inteldi the TNF-induced adhesion, was
unable to prevent adherence induced by PMA and 8231Both of these agonists act at a
post receptor binding level. Thus the data suggesffect upstream of PKC and intracellular

calcium mobilisation.

Furthermore our studies revealed that NT8 is uniguiés action. Firstly it stimulated the
cell directly to cause a decrease in TNFRIl. Ryesiy it has been reported that a range of
endogenous and exogenous mediators cause the eégwiation of TNFR expression on
neutrophils (Ferrantet al, 1994; Moghaddamet al, 2003; Schleiffenbaum and Fehr, 1990).
This includes LPS, fMLP, C5a, LLBPAF, GM-CSF, opsonised microbial pathogens ra3d
polyunsaturated fatty acids (Moghaddastial, 2007) but in these cases, both TNFR were
decreased on neutrophils. It has been reportedhbalecreased expression of the TNFR is
due to the enzymatic cleavage of these (Bti al, 2000). The view is that a
membrane-bound, non-matrix metalloproteinase, phs#iDAM-17 is involved for TNFRI
(Walchecket al, 2006; Driet al, 2000) and a metalloproteinase and the serineegset
elastase for TNFRII (Dret al, 2000; Gasparinet al, 2003). Unlike the above agents, NT8

did not appear to be a neutrophil stimulator. Whetor not NT8 affects these enzymes
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differently to give rise to the selective action DNFRII remain to be established and indeed

Is a challenging question.

We also found that the expression of CR3 on nebtl®pvas not decreased by treating
neutrophils with NT8, possibly supporting some prvas reports which suggested that
upregulation of CR3 does not play a major role iredrating neutrophil adhesion
(Schleiffenbaunet al, 1989; Vedder and Harlan, 1988) and the findirgg tieutrophil from

patients with a defect in CR3 can still adhere (Dubet al, 1989).

The significance of the effects of NT8 on neutré@dherence was suggested ibhyvivo
studies in mice. Adherence to the endotheliumlobd vessels is an essential step in the
ability of neutrophil to move from the blood streamnbe recruited in tissues. We found that
the injection of NT8 in the peritoneum of mice cadisa decreased accumulation of
neutrophils in response to LPS. LPS is a stromgigar of TNF and it is likely to be an

important cytokine in promoting neutrophil adhesiorthe endothelium during inflammation.

Inhibition of neutrophil cytokine production

Interestingly the TNF-induced neutrophil productiofi IL-1f and IL-8 was significantly
inhibited by NT8. This response was as sensitoveNT8 inhibition as was neutrophil
adhesion. The data suggests also that the TNERIikely to play a critical role in the
production of IL-B and IL-8 in response to TNF. Expression of TNFRIne seemed
inadequate for this response.

Since a role for these cytokines in neutrophihatton and accumulation has been previously

extablished, it is likey that NT8 will inhibit thenflammatory response. In view of the
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importance of neutrophils and these cytokines flamnmatory disorders such as rheumatoid
arthritis (Feldmann and Maini, 2001) and chronistalctive lung disease (Taggaet al,

2005; Carrollet al, 2005), a therapeutic based on NT8 may be useful.

Effectson TNF-induced cell migration inhibition and superoxide production

TNF has been recognised to cause the inhibitiomeitrophil random migration and
chemotactic migration (Ferranet al, 1988). However our studies demonstrated that NT8
treatment of neutrophils could not prevent the atign inhibition induced by TNF.
Similarly there was no effect of NT8 on the TNFileed oxygen radical production at the 20

UM concentration.

The findings indicated that the TNF-induced migratinhibition and the induction of the
respiratory burst does not require TNFRII as bo#neanot inhibited at concentrations of NT8
which significantly decreased the expression of RNF This shows that NT8 selectively
targets the adhesion response and cytokine praduoiduced by TNF and highlights the
importance of TNFRII in ths response. The resultlicated that TNFRI is involved in

stimulating neutrophil migration inhibition and spxide production independent of

TNFRIL.
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Effects on the responsesinduced by other surface membrane receptor agonists

Of several other surface receptors acting agomsistdied, only the adherence response to
LTB,swas similarly affected. AT 20 uM NT8, there wagnsficant inhibition of adherence
induced by LTB. Again we cannot explain this at a level of PKiCirdracellular calcium
mobilisation since at this concentration NT8 failed inhibit either the PMA or A23187
response, suggesting an upstream effect, possibtiiealevel of the LTB receptor. In
comparison, the LTBinduced oxygen-dependent respiratory burst wasafietted by NT8
even at 50 uM. This further illustrates the refatselectivity of the effects of the compound
for some neutrophil responses. Of the two L T&eptors BLT1 and BLT2, the former plays
an important role in neutrophil adhesion (Kehal, 2006; Mathiset al, 2007; Schultzt al,
1991). This in view of the effects of NT8, it ikdly that the compound affects this LI B

receptor type.

Most interesting was the finding that a number thieo surface receptor acting agonists had
no effect at 20 uM of NT8 in relation to all neytlol response measured. The agonist
examined were fMLP, GM-CSF, IL-8 and C5a. At 50 N8, all agonists significantly

inhibited the adherence response (Table 9.1). eSime response induced by either PMA or
A23187 was also inhibited at this concentrations itikely that the effects are due to post
surface receptor binding at this concentration @8N Interestingly, and in contrast to

adherence, fMLP-induced chemotaxis was not affeatédis concentration. This appears to
dissociate pathways involved in neutrophil adhesmthose involved in chemotaxis and to
some extend this is not surprisingly, as the twacfions are promoted by quite different
concentrations of fMLP (Hiet al, 2004). The findings from our study showed thet t

fMLP-induced respiratory burst was inhibited by HM NT8. We have previously
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demonstrated that different signalling moleculesiavolved between the two different fMLP
concentrations (Hiet al, 2004), related to the low and high affinity fMk&ceptors.

The selectivity of the action of NT8 on the neutbpresponse was evident from the
respiratory burst response of neutrophils induced-BB,4, AA, PMA and A23187. The
response to these agonists was not inhibited by, NA& apart from selectivity targeting
specific neutrophil responses based on the coratety we see selectivity at the 50 puM

concentration.

Probing further into the mechanism of action of N¥& were unable to demonstrate that the
effects of the compound were due to the alteratiothe synthesis of 3KDS, one of the
substrates for ceramide formation (Hannun and Ltob@000; Williamset al, 1984). This

was suspected as the structure of NT8 is simil8KiDS.

Comparison with effects of NTO and lauric acid

In most of the experiments, the effects of NT8 wampared with any effects due to the base
compounds NTO and lauric acid. It was evidentlic@ses that at equivalent concentrations,
these components had no effect on any of the ngitrtunctions stimulated by any of the
agonists. This illustrates that the synthesisdiasn rise to a novel structure in terms of its
biological characteristics.  Previous studies withedium chain fatty acids showed
enhancement of neutrophil functions but this wasirad at very high (mM) concentration
(Wantenet al, 2000a). NTO like CQ and HCQ had no effect oatraphil function at 50

KM,
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Effects on lymphocyte and macrophage functions

Lymphocyte response in human PBMCs was examinagsing the T cell mitogen, PHA and
the B cell mitogenS.aureus In terms of lymphoproliferation, there was ndeef by
exposing the lymphocytes to NT8. This was alsdecéfd in the ability of the cells to
produce the cytokines, IFMN-IL-2, LT and IL-10. Similarly there was no effewhen the

lymphoyctes were stimulated with antigen, TT.

To examine the effects on monocyte function, PBM@se stimulated with LPS which
induces TNF, IL-1 and IL-6 production. The resullso demonstrated that NT8 did not
affect the production of these cytokines. Hendas $tands in contrast to the findings with
neutrophils which were inhibited in their ability be stimulated in key responses and further

highlights the selectivity of NT8 for neutrophilrfations.

Comparison with CQ

Although there have been previous reports that QHCQ inhibited neutrophil functions
(Ferranteet al, 1986; Frenclet al, 1987; Labro and Babin-Chevaye, 1988; Raghoebat,
1988; Hurstet al, 1987, 1988), these effects were seen at high etrations of the
anti-malarials. When CQ and HCQ were examinedanaltel with NT8, there was no effect
on neutrophil functions at concentrations up top®d. This was evident with adherence,
chemotaxis and respiratory burst response whichligigs the uniqueness of the compounds

which we have generated.
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The difference between NT8 and CQ/HCQ was alsoesxidt the level of lymphocyte and
macrophage function. CQ inhibited PHA-induced pechtion at 5-50 pM with a

corresponding decrease in IL-2 and IL-10 but nat LThe decrease in IL-2 may explain the
decrease in lymphoproliferation. The responseTtav@is even more sensitive to CQ. At5
MM CQ there was an 80 % inhibition of the lymphdipecative response. This marked

inhibition was also seen in relation to cytokinedsction.

The B cell response was less sensitive and thbitidn of S.aureusnduced proliferation was
only evident at 50 uM of CQ. At 50 uM, monoycteoguction of cytokines was also
inhibited by the anti-malarial but only about by %) illustrating the preferrential effect on T
cell function. Such effects on T cells are likaty contribute to the anti-inflammatory

properties of CQ and its derivative HCQ.

It is interesting that while CQ and HCQ inhibitegmiphocyte function and macrophage
function, the NTO did not have this property. Thiggests that the additional groups on the

side chain give rise to the anti-inflammatory efée@igure 9.1).

Other studies in progress in our laboratory havenbexamining the effects of these NT
compounds onP. falciparum intraerythrocytic forms. It is interesting thdtese have

retained the anti-malarial activity to a similargdee as shown by CQ. Like CQ, NT8 is a
weak base which would give the compound the abiitgccumulate down the pH gradient to
increase its concentration in the parasite comp@rédde red cell. The ability to accumulate

at specific sites within cells may also promoteeffects on neutrophils.
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Effects of NT8 on experimental inflammation

Evidence of anti-inflammatory properties of NT8 weadended to am vivo settings. Mice
given single injections of NT8 showed reduced imftaatory reactions using a classical
inflammatory model. In an LPS-induced peritonitisodel, the neutrophil influx was
significantly reduced by NT8. There was an indarathat NT8 also affected the number of
macrophages in the peritoneal cavity. LPS causespoptosis of peritoneal macrophages
(Albina et al, 1993). This response did not appear to be affielbby treatment of mice with
NT8. The ability of the compound to inhibit neyghal accumulation was dependent on the
period of exposure of mice to NT8 prior to the Léttallenge. When the injection was 4 h
before challenge, a significant effect on neutrbpévels was seen but not with a 1 h
pre-exposure time. This may be due to the timeired for NT8 to be incorporated into
neutrophils and prior to TNFR being engaged. LR&iced influx of neutrophils and
macrophages in the peritoneal cavity was foundipusly to be dependent on TNF (Yaay

al., 2002; Calkinset al, 2001; Skerretét al, 1999; Mercer-Jonest al, 1999) .

This finding would be consistant with the abilitf T8 to inhibit TNF-induced neutrophil
adhesion. However, effects of the LIBesponses are also likely to be relevant since
LTB4-induced neutrophil adhesion occurred at the lovagrcentration in thén vitro studies
(Schultzet al, 1991). The preserm vivo findings need to be expanded further with other

inflammation models.
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Significance of the findings and concluding remarks

In the course of conducting the research coveredhisythesis, novel immunomodulators
were identified which have the potential to be deped into immunosuppressive agents. In
particular the compound NT8, quinoline-CO(8§4JCH3; was identified as a potential lead
compound. By conjugating the quinoline to laurtida a structure was created which had

unique immunosuppressive properties not presegither the quinolines or the fatty acids.

The compound showed selective inhibition of neutrofunction but not lymphocyte or
macrophage responses. Indeed it was also selestilierespect to the type of neutrophil
function and the type of neutrophil agonist useNeutrophil adherence was highly sensitive
to the effects of NT8 and particularly interestings the finding that its effects were mainly
evident when TNF was used as the agonist, most hiédated to its ability to cause selective
decrease in expression of TNFRIl. The work alsghlghted some important biological

function for TNFRII, perhaps not appreciated preeig.

The inhibitory effects of NT8 were less evidentwidther neutrophil agonists, apart from
LTB4. This suggested that NT8 has an action on setenticeptors which are key targets of
anti-inflammatory agents. This was supported mopof concept in a murine inflammatory
model in which neutrophils, TNF and LTBlay important roles. Apart from the potential
use of NT8 to treat acute inflammatory diseases,ugefulness in chronic inflammatory
diseases is also likely to be of importance sinegtnophils are known to play a role during

the exacerbation stages of diseases e.g. in rheithathritis.
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The relationship between the anti-malarial/antiamfmatory agent CQ/HCQ and NT8 was
also extensively examined. It was interesting thmtcontrast to CQ, NT8 inhibited
neutrophil function but not lymphocyte and monocitection. Interesting was the finding

that T cell responses were most sensitive to CQ.

There are several areas in this thesis which regfurther investigations. Firstly, the
selective action on neutrophil resposes versus ophage responses should be more
appropriately compared by examining the same fanstieg. adherece and superoxide
production. Another area of further studies radtethe finding that TNFRII may play key
roles in neutrophil adhesion and cytokine produrctioThe fact that NT8 down-regulates
TNFRIl and not TNFRI is also a very important findi This may be related to the
compound activating proteases that cleave the fomeeeptor. Further investigation is
likely to significantly increase our knowledge oovh TNF receptor expression is regulated.
The selective effects of NT8 on responses indugeal iestricted number of agonists could be
further examined. In this regard, its effect oe 1B, response and as to whether this
relates to altering LTBreceptor expression needs further clarificatioBmbarking on the
examination of the anti-inflammatory properties T8 in more complex inflammatory
models relevant to specific diseases would verifg tisefulness of the new compound.
While we have learned aspects of the basis foeffescts on neutrophil functions, there has
been inadequate time to study these mechanismsctadnain depth. Because of the
interesting actions described above, further studie the mechanisms by which NT8 alters
the cellular functions and inflammatory responsey ied to new approaches in targeting

inflammatory pathways.

270



10.0 REFERENCES

271



Ackerman, N., Tomolonis, A., Miram, L., Kheifets, Martinez, S. & Carter, A. (1980) Three
day pleural inflammation: a new model to detect gdreffects on macrophage
accumulationJ Pharmacol Exp Theg15 588-95.

Adams, E. M., Yocum, D. E. & Bell, C. L. (1983) Hyxychloroquine in the treatment of
rheumatoid arthritisAm J Med,75, 321-6.

Aderem, A. (2003) Phagocytosis and the inflammatesponsed Infect Dis,187 Suppl 2
S340-5.

Aida, Y. & Pabst, M. J. (1991) Neutrophil responges lipopolysaccharide. Effect of
adherence on triggering and priming of the respigaburst.J Immunol,146 1271-6.

Albina, J. E., Cui, S., Mateo, R. B. & ReichnerSJ.(1993) Nitric oxide-mediated apoptosis
in murine peritoneal macrophagddmmunol, 150 5080-5.

Allard, B., Long, E., Block, E. & Zhao, X. (1999) ependence of superoxide anion
production on extracellular and intracellular cati ions and protein kinase C in
PMA-stimulated bovine neutrophil€an J Vet Re$3, 13-7.

Alves, C. M., Marzocchi-Machado, C. M., CarvalhoFl & Lucisano Valim, Y. M. (2003)
Application of the chemiluminescence systems tduata the role of Fcgamma and
complement receptors in stimulating the oxidativesb in neutrophilsTalanta, 60,
601-8.

Baggiolini, M., Dewald, B. & Moser, B. (1997) Humamemokines: an updatdnnu Rev
Immunol,15, 675-705.

Bates, E. J. & Ferrante, A. (1988) Stimulation afnmtan neutrophil degranulation by
mefloquine.Int Arch Allergy Appl ImmunoB6, 446-52.

Bates, E. J., Ferrante, A. & Beard, L. J. (1991)ai@hterization of the major

neutrophil-stimulating activity present in culturenedium conditioned by

272



Staphylococcus aureus-stimulated mononuclear lgte®¢mmunology,/2, 448-50.

Bates, E. J., Ferrante, A., Harvey, D. P. & Poulds(1993) Polyunsaturated fatty acids
increase neutrophil adherence and integrin recegtpression.J Leukoc Biol,53
420-6.

Behe, P. & Segal, A. W. (2007) The function of HADPH oxidase of phagocytes, and its
relationship to other NOX®iochem Soc Tran85, 1100-3.

Belaaouaj, A., McCarthy, R., Baumann, M., Gao,L&y, T. J., Abraham, S. N. & Shapiro, S.
D. (1998) Mice lacking neutrophil elastase revegbpaired host defense against gram
negative bacterial sepsidat Med,4, 615-8.

Benna, J., Pasquier, C. & Labro, M. T. (1991) Quenuptake by human polymorphonuclear
neutrophils Antimicrob Agents Chemoth@&5, 1474-8.

Bigda, J., Beletsky, I., Brakebusch, C., Varfolome¥, Engelmann, H., Holtmann, H. &
Wallach, D. (1994) Dual role of the p75 tumor netsdactor (TNF) receptor in TNF
cytotoxicity. J Exp Med 180, 445-60.

Blair, S., Carmona-Fonseca, J., Pineros, J. Gs,Rq Alvarez, T., Alvarez, G. & Tobon, A.
(2006) Therapeutic efficacy test in malaria falcipa in Antioquia, ColombiaMalar
J, 5, 14.

Blum, J. S. & Cresswell, P. (1988) Role for intdadar proteases in the processing and
transport of class Il HLA antigenBroc Natl Acad Sci U S 85, 3975-9.

Bondeson, J. & Sundler, R. (1998) Antimalarial drirthibit phospholipase A2 activation and
induction of interleukin 1beta and tumor necrossstdr alpha in macrophages:
implications for their mode of action in rheumata@adhritis. Gen Pharmacol 30,
357-66.

Borregaard, N. & Cowland, J. B. (1997) Granules thfe human neutrophilic

polymorphonuclear leukocyt8lood, 89, 3503-21.

273



Brown, E. J. (1986) The role of extracellular mafroteins in the control of phagocytosis.
Leukoc Biol 39, 579-91.

Brown, G. D. & Gordon, S. (2005) Phagocytes, PaiNlacrophages. IN KAUFMANN, S. &
STEWARD, M. (Eds.)Topley and Wilson's Microbiology and Microbial Iofens:
Immunology10"” ed. London, Arnold.

Browning, D. J. (2002) Hydroxychloroquine and cbiguine retinopathy: screening for drug
toxicity. Am J Ophthalmol133 649-56.

Burg, N. D. & Pillinger, M. H. (2001) The neutrofihfunction and regulation in innate and
humoral immunityClin Immunol,99, 7-17.

Bylund, J., Bjorstad, A., Granfeldt, D., Karlss&n, Woschnagg, C. & Dahigren, C. (2003)
Reactivation of formyl peptide receptors triggere heutrophil NADPH-oxidase but
not a transient rise in intracellular calciudrBiol Chem278 30578-86.

Calder, P. C. (1993) The effects of fatty aciddyonphocyte functionsBraz J Med Biol Res,
26, 901-17.

Calder, P. C., Yaqoob, P., Thies, F., Wallace, F&AMiles, E. A. (2002) Fatty acids and
lymphocyte functionsBr J Nutr,87 Suppl 1S31-48.

Calkins, C. M., Heimbach, J. K., Bensard, D. D.n&oY., Raeburn, C. D., Meng, X. &
Mcintyre, R. C., Jr. (2001) TNF receptor | mediatd®mokine production and
neutrophil accumulation in the lung following sysie lipopolysaccharidel Surg Res,
101, 232-7.

Canetti, C. A., Leung, B. P.,, Culshaw, S., Mclnne®., Cunha, F. Q. & Liew, F. Y. (2003)
IL-18 enhances collagen-induced arthritis by reéorgineutrophils via TNF-alpha and
leukotriene B4J Immunol, 171, 1009-15.

Carroll, T. P., Greene, C. M., Taggart, C. C., BawA. G,, O'Neill, S. J. & McElvaney, N. G.

(2005) Viral inhibition of IL-1- and neutrophil edtase-induced inflammatory

274



responses in bronchial epithelial celdmmunol,175 7594-601.

Chaplin, D. D. (2006) 1. Overview of the human immauesponsel Allergy Clin Immunol,
117, S430-5.

Charo, I. F. & Taubman, M. B. (2004) Chemokinegha pathogenesis of vascular disease.
Circ Res 95, 858-66.

Chen, L. W,, Lin, M. W. & Hsu, C. M. (2005) Diffemé pathways leading to activation of
extracellular  signal-regulated kinase and p38 MAP inase by
formyl-methionyl-leucyl-phenylalanine or plateletctizating factor in  human
neutrophils.J Biomed Scil12, 311-9.

Chu, C. Q., Field, M., Feldmann, M. & Maini, R. fL991) Localization of tumor necrosis
factor alpha in synovial tissues and at the cggHpannus junction in patients with
rheumatoid arthritisArthritis Rheum34, 1125-32.

Coffman, R. L., Seymour, B. W., Hudak, S., Jackshn& Rennick, D. (1989) Antibody to
interleukin-5 inhibits helminth-induced eosinopiln mice.Sciencez45 308-10.

Cole, K. & Kohn, E. (1994) Calcium-mediated sigtrahsduction: biology, biochemistry, and
therapy.Cancer Metastasis Rei3, 31-44.

Cronstein, B. N., Levin, R. I., Philips, M., Hirdotrn, R., Abramson, S. B. & Weissmann, G.
(1992) Neutrophil adherence to endothelium is eobdrvia adenosine Al receptors
and inhibited via adenosine A2 receptdrémmunol 148 2201-6.

Cunha, F. Q. & Tamashiro, W. M. (1992) Tumour ns@dactor-alpha and interleukin-8
inhibit neutrophil migration in vitro and in vivdediators Inflamm(, 397-401.

Cunha, T. M., Verri, W. A., Jr., Schivo, |. R., Najpga, M. H., Parada, C. A., Poole, S.,
Teixeira, M. M., Ferreira, S. H. & Cunha, F. Q. (8) Crucial role of neutrophils in
the development of mechanical inflammatory hypeicegtion.J Leukoc Biol,83

824-32.

275



Dahlen, S. E., Bjork, J., Hedqgvist, P., Arfors, K, Hammarstrom, S., Lindgren, J. A. &
Samuelsson, B. (1981) Leukotrienes promote plagakalhe and leukocyte adhesion
in postcapillary venules: in vivo effects with redece to the acute inflammatory
responseProc Natl Acad Sci U S A8, 3887-91.

Dahlgren, C., Aniansson, H. & Magnusson, K. E. @)98 Pattern of
formylmethionyl-leucyl-phenylalanine-induced luminoand lucigenin-dependent
chemiluminescence in human neutropHidect Immun47, 326-8.

Dahlgren, C. & Karlsson, A. (1999) Respiratory burs human neutrophilsJ Immunol
Methods 232, 3-14.

Dang, P. M., Dewas, C., Gaudry, M., Fay, M., Pediug., Gougerot-Pocidalo, M. A. & El
Benna, J. (1999) Priming of human neutrophil redpity burst by
granulocyte/macrophage colony-stimulating factor M(GSF) involves partial
phosphorylation of p47(phox]).Biol Chem274 20704-8.

Davies, M. P., Hallam, T. J. & Merritt, J. E. (199role for calcium and protein kinase C in
agonist-stimulated adhesion of human neutropBilschem J267, 13-6.

de Lima, T. M., de Sa Lima, L., Scavone, C. & Cii, (2006) Fatty acid control of nitric
oxide production by macrophagé€BS Lett580 3287-95.

Denson, P., Clark, R. A. & Nauseef, W. M. (199%jnciples and practice of infectious
diseasesNew York, Chruchill Livingstone Inc.

Detmers, P. A., Powell, D. E., Walz, A., Clark-Lewi., Baggiolini, M. & Cohn, Z. A. (1991)
Differential effects of neutrophil-activating pei¢i 1/1L-8 and its homologues on
leukocyte adhesion and phagocytodisnmunol 147, 4211-7.

Dewas, C., Dang, P. M., Gougerot-Pocidalo, M. AEEBenna, J. (2003) TNF-alpha induces
phosphorylation of p47(phox) in human neutrophibartial phosphorylation of

p47phox is a common event of priming of human rogitils by TNF-alpha and

276



granulocyte-macrophage colony-stimulating facldmmunol 171, 4392-8.

Didier, P. J., Paradis, T. J. & Gladue, R. P. (3988 CC chemokine MIP-1alpha induces a
selective monocyte infiltration following intradeain injection into nonhuman
primatesInflammation,23, 75-86.

Dinarello, C. A. (2009) Immunological and inflamragt functions of the interleukin-1 family.
Annu Rev Immuno®7, 519-50.

DiPersio, J. F., Biling, P., Wililams, R. & GassonJ. C. (1988) Human
granulocyte-macrophage colony-stimulating factod ather cytokines prime human
neutrophils for enhanced arachidonic acid releas® laukotriene B4 synthesis.
Immunol,14Q 4315-22.

Dittrich, S., Alifrangis, M., Stohrer, J. M., Thopgseuth, V., Vanisaveth, V., Phetsouvanh, R.,
Phompida, S., Khalil, I. F. & Jelinek, T. (2005)I¢tparum malaria in the north of
Laos: the occurrence and implications of the PlaBom falciparum chloroquine
resistance transporter (pfcrt) gene haplotype SVMNbp Med Int Health,10,
1267-70.

Djaldetti, M., Salman, H., Bergman, M., Djaldef®, & Bessler, H. (2002) Phagocytosis--the
mighty weapon of the silent warriofglicrosc Res Tecty7, 421-31.

Djimde, A., Doumbo, O. K., Cortese, J. F., Kayentag Doumbo, S., Diourte, Y., Dicko, A.,
Su, X. Z., Nomura, T., Fidock, D. A., Wellems, T, Plowe, C. V. & Coulibaly, D.
(2001) A molecular marker for chloroquine-resistéaitiparum malariaN Engl J
Med, 344 257-63.

Dobrina, A., Schwartz, B. R., Carlos, T. M., OcHs D., Beatty, P. G. & Harlan, J. M. (1989)
CD11/CD18-independent neutrophil adherence to idlicendothelial-leucocyte
adhesion molecules (E-LAM) in vitrtmmunology67, 502-8.

Dri, P., Gasparini, C., Menegazzi, R., Cramer, ARberi, L., Presani, G., Garbisa, S. &

277



Patriarca, P. (2000) TNF-Induced shedding of TNFceptors in human
polymorphonuclear leukocytes: role of the 55-kDaFTidceptor and involvement of a
membrane-bound and non-matrix metalloproteinhaseimunol,165 2165-72.

Edwards, S. W. (1994Biochemistry and physiology of the neutropiNew York, Press
Syndicate of the Univeristy of Cambridge.

Egan, T. J. (2005) Interactions of quinoline antanals with hematin in solution] Inorg
Biochem

Elbim, C., Balilly, S., Chollet-Martin, S., Hakim, & Gougerot-Pocidalo, M. A. (1994)
Differential priming effects of proinflammatory ©kines on human neutrophil
oxidative burst in response to bacterial N-formyppdes. Infect Immun, 62,
2195-201.

Ethuin, F. & Chollet-Martin, S. (2005) Cytokine jiaction by neutrophils. IN
GABRILOVICH, D. I. (Ed.) The neutrophils: New outlook for old celldnd ed.
London, Imperial College Press.

Feenstra, R. P. & Tseng, S. C. (1992) What is #gtistained by rose bengalArch
Ophthalmol, 110 984-93.

Feldmann, M. & Maini, R. N. (2001) Anti-TNF alphberapy of rheumatoid arthritis: what
have we learned®nnu Rev Immunol,9, 163-96.

Felson, D. T., Anderson, J. J. & Meenan, R. F. (}9he comparative efficacy and toxicity
of second-line drugs in rheumatoid arthritis. Reswlf two metaanalyse#rthritis
Rheum 33, 1449-61.

Ferrante, A. (2005) Phagocytes, Part 2: Neutrespil KAUFMANN, S. & STEWARD, M.
(Eds.) Topley and Wilson's Microbiology and Microbial Iof®ns: Immunologyl0™
ed. London, Arnold.

Ferrante, A., Beard, L. J. & Thong, Y. H. (1980)liaecay of human neutrophil chemotactic

278



responsiveness following isolation from periphebébod. Clin Exp Immunol,39,
532-7.

Ferrante, A., Hii, C. S. & Costabile, M. (2005) Ré&gion of neutrophil functions by long
chain fatty acids. IN GABRILOVICH, D. I. (Ed.Jhe neutrophils: New outlook for
old cells.2nd ed. London, Imperial College Press.

Ferrante, A., James, D. W., Betts, W. H. & ClelalndG. (1982) Rapid single-step method for
purification of polymorphonuclear leucocytes frohoda of patients with rheumatoid
arthritis.Clin Exp Immunol47, 749-52.

Ferrante, A., Kowanko, |. C. & Bates, E. J. (1992chanisms of host tissue damage by
cytokine-activated neutrophilsnmunol Sers7, 499-521.

Ferrante, A., Martin, A. J., Bates, E. J., GohHD.Harvey, D. P., Parsons, D., Rathjen, D. A.,
Russ, G. & Dayer, J. M. (1993) Killing of Staphytmcus aureus by tumor necrosis
factor-alpha-activated neutrophils. The role ofugseropsonins, integrin receptors,
respiratory burst, and degranulatidnmmunol, 151, 4821-8.

Ferrante, A., Martin, A. J., Bates, E. J., Kowankd;., Harvey, D. P., Parsons, D., Rathjen, D.
A., Russ, G. & Dayer, J. M. (1994) Interaction ¢fhylococcus aureus with human
neutrophils and the down-regulation of TNF receptdtmmunol 152 3998-4004.

Ferrante, A., Nandoskar, M., Bates, E. J., Goh{D& Beard, L. J. (1988) Tumour necrosis
factor beta (lymphotoxin) inhibits locomotion artthaulates the respiratory burst and
degranulation of neutrophilsnmunology63, 507-12.

Ferrante, A., Robinson, B. S., Singh, H., Jersméhr®., Ferrante, J. V., Huang, Z. H., Trout,
N. A., Pitt, M. J., Rathjen, D. A., Easton, C.Baulos, A., Prager, R. H., Lee, F. S. &
Hii, C. S. (2006) A novel beta-oxa polyunsaturafatty acid downregulates the
activation of the lkappaB kinase/nuclear factorga® pathway, inhibits expression of

endothelial cell adhesion molecules, and depraaflasmmation.Circ Res 99, 34-41.

279



Ferrante, A., Rowan-Kelly, B., Seow, W. K. & Thong, H. (1986) Depression of human
polymorphonuclear leucocyte function by anti-maardrugs. Immunology, 58,
125-30.

Finbloom, D. S., Silver, K., Newsome, D. A. & GuhkdR. (1985) Comparison of
hydroxychloroquine and chloroquine use and the ldpwmeent of retinal toxicityJ
Rheumatoll2 692-4.

Fitch, C. D. (1983) Mode of action of antimalaraugs.Ciba Found Sym®4, 222-32.

Forsgren, A., Svedjelund, A. & Wigzell, H. (1976yraphocyte stimulation by protein A of
Staphylococcus aureusur J Immunol6, 207-13.

Fox, R. I. (1993) Mechanism of action of hydroxyafoquine as an antirheumatic drug.
Semin Arthritis Rheun23, 82-91.

French, J. K., Hurst, N. P., O'Donnell, M. L. & BetW. H. (1987) Uptake of chloroquine and
hydroxychloroquine by human blood leucocytes inrovitrelation to cellular
concentrations during antirheumatic therafayn Rheum Dis}6, 42-5.

Fujiwara, N. & Kobayashi, K. (2005) Macrophagesimilammation. Curr Drug Targets
Inflamm Allergy4, 281-6.

Gabay, C., Cakir, N., Moral, F., Roux-Lombard, ®eyer, O., Dayer, J. M., Vischer, T.,
Yazici, H. & Guerne, P. A. (1997) Circulating lesedf tumor necrosis factor soluble
receptors in systemic lupus erythematosus are fwignily higher than in other
rheumatic diseases and correlate with diseasatsici\VRheumatol24, 303-8.

Gaestel, M., Kotlyarov, A. & Kracht, M. (2009) Tating innate immunity protein kinase
signalling in inflammationNat Rev Drug Disco\8, 480-99.

Gasparini, C., Menegazzi, R., Patriarca, P. & Bxi,(2003) Evidence that elastase is the
TNF-R75 shedding enzyme in resting human polymanpbtear leukocytesFEBS

Lett, 553 360-4.

280



Gilroy, D. W., Lawrence, T., Perretti, M. & Ros#i, G. (2004) Inflammatory resolution: new
opportunities for drug discoveryat Rev Drug Disco\s, 401-16.

Goldman, F. D., Gilman, A. L., Hollenback, C., Kak M., Premack, B. A. & Rawlings, D. J.
(2000) Hydroxychloroquine inhibits calcium signaisT cells: a new mechanism to
explain its immunomodulatory properti&ood, 95, 3460-6.

Goldring, J. P. & Nemaorani, S. (1999) Antimalardidugs modulate the expression of
monocyte receptorént J ImmunopharmacoR1, 599-607.

Goldshy, R. A, Kindt, T. J., Osborne, B. A. & Kyh¥. (2003a) Antigen Processing and
Presentationmmunology5" ed. New York, W.H. Freeman and Company.

Goldsby, R. A., Kindt, T. J., Osborne, B. A. & Kyldy (2003b) Antigensmmunology5™ ed.
New York, W.H. Freeman and Company.

Goldsby, R. A., Kindt, T. J., Osborne, B. A. & Kyhy. (2003c) Cells and Organs of the
Immune SysterrimmunologySth ed. New York, W.H. Freeman and Company.
Goldshy, R. A., Kindt, T. J., Osborne, B. A. & Kuyhy. (2003d) Overview of the immune

system.lmmunologySth ed. New York, W.H. Freeman and Company.

Gomez-Cambronero, J., Horn, J.,, Paul, C. C. & BawmaM. A. (2003)
Granulocyte-macrophage colony-stimulating factoaishemoattractant cytokine for
human neutrophils: involvement of the ribosomal [$8kinase signaling pathway,.
Immunol,171, 6846-55.

Gonzalez-Noriega, A., Grubb, J. H., Talkad, V. &,SWV. S. (1980) Chloroquine inhibits
lysosomal enzyme pinocytosis and enhances lysosemzgime secretion by impairing
receptor recycling) Cell Biol, 85, 839-52.

Gruss, H. J. (1996) Molecular, structural, and dmatal characteristics of the tumor necrosis
factor ligand superfamilynt J Clin Lab Res26, 143-59.

Guo, R. F. & Ward, P. A. (2005) Role of C5a in amfimatory responsednnu Rev Immunol,

281



23, 821-52.

Gupta, O. P., Sharma, N. & Chand, D. (1992) A demsand relevant model for evaluating
anti-inflammatory activity-papaya latex-induced paw inflammation.J Pharmacol
Toxicol Methods28, 15-9.

Gyllenhammar, H. (1987) Lucigenin chemiluminescemtethe assessment of neutrophil
superoxide productiod. Immunol Method€7, 209-13.

Hadjigogos, K. (2003) The role of free radicalstle pathogenesis of rheumatoid arthritis.
Panminerva Med45, 7-13.

Hannun, Y. A. & Luberto, C. (2000) Ceramide in tgkaryotic stress respongeends Cell
Biol, 10, 73-80.

Haskell, C. A., Cleary, M. D. & Charo, I. F (1999%olecular uncoupling of
fractalkine-mediated cell adhesion and signal ttanoson. Rapid flow arrest of
CX3CR1-expressing cells is independent of G-progativation.J Biol Chem,274
10053-8.

Hii, C. S., Anson, D. S., Costabile, M., Mukaro, Y2unning, K. & Ferrante, A. (2004)
Characterization of the MEKS5-ERKS module in humaeutnophils and its
relationship to ERK1/ERK2 in the chemotactic resg®a Biol Chem279 49825-34.

Hii, C. S., Huang, Z. H., Bilney, A., Stacey, K.ukay, A. W., Rathjen, D. A. & Ferrante, A.
(1999) Involvement of protein kinase C, p38 MAPdse and ERK in arachidonic
acid-stimulated superoxide production in human mogitils. Adv Exp Med Biol469,
365-70.

Hirohashi, N. & Morrison, D. C. (1996) Low-dose dipolysaccharide (LPS) pretreatment of
mouse macrophages modulates LPS-dependent inted@ugroduction in vitro.
Infect Immung4, 1011-5.

Holleran, W. M., Williams, M. L., Gao, W. N. & Elg P. M. (1990) Serine-palmitoyl

282



transferase activity in cultured human keratinosydd. ipid Res31, 1655-61.

Hugosson, E., Bjorkman, A. & Troye-Blomberg, M. (2) Chloroquine enhances the number
of IL-10 producing cells and the expression of B@r2l ICAM-1 in in vitro-cultured
PBMC. Scand J Immunog5, 399-408.

Hurst, N. P., French, J. K., Bell, A. L., Nuki, @;Donnell, M. L., Betts, W. H. & Cleland, L.
G. (1986) Differential effects of mepacrine, chigumne and hydroxychloroquine on
superoxide anion generation, phospholipid methytatatnd arachidonic acid release
by human blood monocyteBiochem PharmacoB5, 3083-9.

Hurst, N. P., French, J. K., Gorjatschko, L. & BeMV. H. (1987) Studies on the mechanism
of inhibition of chemotactic tripeptide stimulatedhuman neutrophil
polymorphonuclear leucocyte superoxide productiory [ehloroquine and
hydroxychloroquineAnn Rheum Dis}6, 750-6.

Hurst, N. P., French, J. K., Gorjatschko, L. & BetW. H. (1988) Chloroquine and
hydroxychloroquine inhibit multiple sites in metdlbgathways leading to neutrophil
superoxide releas8.Rheumatoll5, 23-7.

Isaacson, D., Elgart, M. & Turner, M. L. (1982) Amalarials in dermatologynt J Dermatol,
21, 379-95.

Jaeger, A., Sauder, P., Kopferschmitt, J. & Flegcli1987) Clinical features and management
of poisoning due to antimalarial drudded Toxicol Adverse Drug Exp, 242-73.

Jang, C. H., Choi, J. H., Byun, M. S. & Jue, D.([®#006) Chloroquine inhibits production of
TNF-{alpha}, IL-1{beta} and IL-6 from lipopolysacdride-stimulated human
monocytes/macrophages by different mo#s®umatology (Oxford)

Jeong, J. Y. & Jue, D. M. (1997) Chloroquine intalprocessing of tumor necrosis factor in
lipopolysaccharide-stimulated RAW 264.7 macrophagésamunol,158 4901-7.

Jones, C. J. & Jayson, M. I. (1984) Chloroquine. d@ffect on leucocyte auto- and

283



heterophagocytosi&inn Rheum Dis43, 205-12.

Jubinsky, P. T., Laurie, A. S., Nathan, D. G., YAtdepe, J. & Sieff, C. A. (1994) Expression
and function of the human granulocyte-macrophadengestimulating factor receptor
alpha subunitBlood, 84, 4174-85.

Kalish, R. S. & Koujak, S. (2004) Minocycline inlitip antigen processing for presentation to
human T cells: additive inhibition with chloroquiaetherapeutic concentratior@lin
Immunol,113 270-7.

Kaperonis, E. A., Liapis, C. D., Kakisis, J. D. niroulis, D. & Papavassiliou, V. G. (2006)
Inflammation and atherosclerosiaur J Vasc Endovasc Surgfl, 386-93.

Karlsson, A. & Dahlgren, C. (2002) Assembly andiwation of the neutrophil NADPH
oxidase in granule membrandstioxid Redox Signadl, 49-60.

Karres, I., Kremer, J. P., Dietl, I., Steckholaér, Jochum, M. & Ertel, W. (1998) Chloroquine
inhibits proinflammatory cytokine release into humvehole bloodAm J Physiol274
R1058-64.

Kaufmann, S. & Steward, M. (2005lopley and Wilson's Microbiology and Microbial
Infections: Immunology,ondon, Arnold.

Kench, J. G,, Seale, J. P, Temple, D. M. & Tenn@nt(1985) The effects of non-steroidal
inhibitors of phospholipase A2 on leukotriene amstdmine release from human and
guinea-pig lungProstaglandins30, 199-208.

Kettritz, R., Choi, M., Rolle, S., Wellner, M. & Ifiy F. C. (2004) Integrins and cytokines
activate nuclear transcription factor-kappaB in laanmeutrophilsJ Biol Chem 279
2657-65.

Kharazmi, A., Valerius, N. H. & Hoiby, N. (1983) fett of antimalarial drugs on human
neutrophil chemotaxis in vitrécta Pathol Microbiol Immunol Scand [C1, 293-8.

Kim, N. D., Chou, R. C., Seung, E., Tager, A. M. l&ster, A. D. (2006) A unique

284



requirement for the leukotriene B4 receptor BLTX feeutrophil recruitment in
inflammatory arthritisJ Exp Med203 829-35.

Klebanoff, S. J. & Rosen, H. (1978) The role of toperoxidase in the microbicidal activity
of polymorphonuclear leukocyteSiba Found Sym®63-84.

Knall, C., Young, S., Nick, J. A., Buhl, A. M., Wiben, G. S. & Johnson, G. L. (1996)
Interleukin-8 regulation of the Ras/Raf/mitogenhaatied protein kinase pathway in
human neutrophilsl Biol Chem271, 2832-8.

Kowanko, I. C. & Ferrante, A. (1996) Adhesion andH priming in neutrophil-mediated
cartilage damage&lin Immunol Immunopatho¥,9, 36-42.

Krischer, S. M., Eisenmann, M. & Mueller, M. J. @8 Transport of arachidonic acid across
the neutrophil plasma membrane via a protein-tatdd mechanisnBiochemistry37,
12884-91.

Krogstad, D. J., Herwaldt, B. L. & Schlesinger,HR. (1988) Antimalarial agents: specific
treatment regimengntimicrob Agents Chemoth&?2, 957-61.

Krogstad, D. J. & Schlesinger, P. H. (1987) Theida$ antimalarial action: non-weak base
effects of chloroquine on acid vesicle p&in J Trop Med Hyd36, 213-20.

Kumaratilake, L. M. & Ferrante, A. (1992) IL-4 irdiis macrophage-mediated killing of
Plasmodium falciparum in vitro. A possible parasitgnune evasion mechanism.
Immunol,149 194-9.

Kumaratilake, L. M., Ferrante, A., Jaeger, T. & Baayk, C. M. (1992) Effects of cytokines,
complement, and antibody on the neutrophil respiyaburst and phagocytic response
to Plasmodium falciparum merozoitéstect Immung0, 3731-8.

Labro, M. T. & Babin-Chevaye, C. (1988) Effects amodiaquine, chloroquine, and
mefloquine on human polymorphonuclear neutrophricfion in vitro. Antimicrob

Agents Chemothe32 1124-30.

285



Landewe, R. B., Miltenburg, A. M., Verdonk, M. Yerweij, C. L., Breedveld, F. C., Daha, M.
R. & Dijkmans, B. A. (1995) Chloroquine inhibits ¢ell proliferation by interfering
with IL-2 production and responsivene€$in Exp Immunol102 144-51.

Lantz, M., Bjornberg, F., Olsson, |. & Richter, (1994) Adherence of neutrophils induces
release of soluble tumor necrosis factor recemion$.J Immunol,152 1362-9.

Lee, C. W, Lin, C. C,, Luo, S. F, Lee, H. C., Le€l., Aird, W. C., Hwang, T. L. & Yang, C.
M. (2008) Tumor necrosis factor-alpha enhancesraphil adhesiveness: induction of
vascular cell adhesion molecule-1 via activationAdt and CaM kinase Il and
modifications of histone acetyltransferase andohistdeacetylase 4 in human tracheal
smooth muscle cellddol Pharmacol,73, 1454-64.

Lee, W. L., Harrison, R. E. & Grinstein, S. (20(hagocytosis by neutrophildicrobes
Infect, 5, 1299-306.

Lew, P. D., Monod, A., Waldvogel, F. A., Dewald,, Baggiolini, M. & Pozzan, T. (1986)
Quantitative analysis of the cytosolic free calcigi@pendency of exocytosis from
three subcellular compartments in intact human ropbtls. J Cell Biol, 102
2197-204.

Li, Y., Ferrante, A., Poulos, A. & Harvey, D. P9@6) Neutrophil oxygen radical generation.
Synergistic responses to tumor necrosis factomaowlo/polyunsaturated fatty acids.
Clin Invest,97, 1605-9.

Lima, T. M., Kanunfre, C. C., Pompeia, C., VerlengR. & Curi, R. (2002) Ranking the
toxicity of fatty acids on Jurkat and Raji cells tigw cytometric analysisToxicol In
Vitro, 16, 741-7.

Lukacs, N. W. & Harrison, J. K. (2007) The BirthdaMaturation of Chemokines and Their
Receptors. IN LUKACS, N. W. & HARRISON, J. K. (EYi§he Chemokine Receptors.

New Jersey, Humana Press Inc.

286



Ma, Y., Liu, H., Tu-Rapp, H., Thiesen, H. J., lbirah S. M., Cole, S. M. & Pope, R. M. (2004)
Fas ligation on macrophages enhances IL-1R1-Tddl-kieceptor 4 signaling and
promotes chronic inflammatiodat Immunol5, 380-7.

Maclvor, D. M., Shapiro, S. D., Pham, C. T., BelagpA., Abraham, S. N. & Ley, T. J. (1999)
Normal neutrophil function in cathepsin G-deficiemte.Blood, 94, 4282-93.

Mackay, C. R. (1996) Chemokine receptors and TatedmotaxisJ Exp Med 184 799-802.

Mackenzie, A. H. (1983) Pharmacologic actions @minoquinoline compoundém J Med,
75, 5-10.

Madrid, P. B., Wilson, N. T., DeRisi, J. L. & GuR. K. (2004) Parallel synthesis and
antimalarial screening of a 4-aminoquinoline ligrdrComb Chent®, 437-42.

Marquardt, K. & Albertson, T. E. (2001) Treatmetithydroxychloroquine overdosé&m J
Emerg Med 19, 420-4.

Martins de Lima, T., Cury-Boaventura, M. F., Gianoco, G., Nunes, M. T. & Curi, R. (2006)
Comparative toxicity of fatty acids on a macrophagk line (J774)Clin Sci (Lond),
111, 307-17.

Martins de Lima, T., Gorjao, R., Hatanaka, E., GCBoaventura, M. F., Portioli Silva, E. P,,
Procopio, J. & Curi, R. (2007) Mechanisms by whiatty acids regulate leucocyte
function.Clin Sci (Lond) 113 65-77.

Mathis, S., Jala, V. R. & Haribabu, B. (2007) Rofdeukotriene B4 receptors in rheumatoid
arthritis. Autoimmun Rewv, 12-7.

Mayer, R. J. & Callahan, J. F. (2006) p38 MAP k@ashibitors: A future therapy for
inflammatory diseasd3rug Discovery Today: Therapeutic Strategigs49-54.

McChesney, E. W. (1983) Animal toxicity and pharwidnetics of hydroxychloroquine
sulfate.Am J Med 75, 11-8.

McChesney, E. W., Conway, W. D., Banks, W. F.,Ragers, J. E. & Shekosky, J. M. (1966)

287



Studies of the metabolism of some compounds of 4f@mino-7-chloroquinoline
series.J Pharmacol Exp Thef51, 482-93.

Mercer-Jones, M. A., Shrotri, M. S., Heinzelmann, Reyton, J. C. & Cheadle, W. G. (1999)
Regulation of early peritoneal neutrophil migratiby macrophage inflammatory
protein-2 and mast cells in experimental peritsnitiLeukoc Biolg5, 249-55.

Meyer-Rohn, J. (1972) [Progress in the therapykof and venereal diseases since the year
1945].Med Welt,23 1188-91.

Miller, S. J., Zaloga, G. P., Hoggatt, A. M., Latee, C. & Faulk, W. P. (2005) Short-chain
fatty acids modulate gene expression for vasculdothelial cell adhesion molecules.
Nutrition, 21, 740-8.

Mirshafiey, A. & Mohsenzadegan, M. (2008) The ralé reactive oxygen species in
immunopathogenesis of rheumatoid arthrifimn J Allergy Asthma Immunol7,
195-202.

Misra, U. K., Gawdi, G. & Pizzo, S. V. (1997) Chbguine, quinine and quinidine inhibit
calcium release from macrophage intracellular stodey blocking inositol
1,4,5-trisphosphate binding to its recepfoCell Biochem64, 225-32.

Moghaddami, N., Costabile, M., Grover, P. K., Jasm H. P., Huang, Z. H., Hii, C. S. &
Ferrante, A. (2003) Unique effect of arachidonicdaocn human neutrophil TNF
receptor expression: up-regulation involving pnotekinase C, extracellular
signal-regulated kinase, and phospholipaseJABhmunol 171 2616-24.

Moghaddami, N., Irvine, J., Gao, X., Grover, P. €gstabile, M., Hii, C. S. & Ferrante, A.
(2007) Novel action of n-3 polyunsaturated fattydac inhibition of arachidonic
acid-induced increase in tumor necrosis factorp®eeexpression on neutrophils and
a role for proteasesvrthritis Rheumb6, 799-808.

Moller, B. & Villiger, P. M. (2006) Inhibition of L-1, IL-6, and TNF-alpha in

288



immune-mediated inflammatory diseaseSpringer Semin Immunopathol27,
391-408.

Montecucco, F., Steffens, S., Burger, F., Da Co&taBianchi, G., Bertolotto, M., Mach, F.,
Dallegri, F. & Ottonello, L. (2008) Tumor necrogector-alpha (TNF-alpha) induces
integrin CD11b/CD18 (Mac-1) up-regulation and migma to the CC chemokine
CCL3 (MIP-1alpha) on human neutrophils through medi signalling pathway<ell
Signal,20, 557-68.

Moots, R. (2003) What does the neutrophil do inurhatoid arthritis?Rheumatology
symposium

Morand, E. F., McCloud, P. I. & Littlejohn, G. OL992) Continuation of long term treatment
with hydroxychloroquine in systemic lupus erytheosats and rheumatoid arthritis.
Ann Rheum Dis$1, 1318-21.

Mowat, A. M. & Gardside, P. (2005) CDA lymphocytes. IN KAUFMANN, S. H. E. &
STEWARD, M. W. (Eds.)Topley and Wilson Microbiology and Microbial Infexts
(Immunology VolumeLOt" ed. London, Edward Arnold.

Myers, J. B., Cantiello, H. F., Schwartz, J. H. &uber, A. I. (1990) Phorbol ester-stimulated
human neutrophil membrane depolarization is depgnde Ca2(+)-regulated CI-
efflux. Am J Physiol259, C531-40.

Naccache, P. H., Molski, T. F., Volpi, M. & ShaafR. I. (1984) Modulation of rabbit
neutrophil aggregation and degranulation by frey facids.J Leukoc Biol, 36,
333-40.

Naisbitt, D. J., Ruscoe, J. E., Willlams, D., OINd?. M., Pirmohamed, M. & Park, B. K.
(1997) Disposition of amodiaquine and related aakamal agents in human
neutrophils: implications for drug desighPharmacol Exp The280 884-93.

Neal, T. M., Vissers, M. C. & Winterbourn, C. C.9@) Inhibition by nonsteroidal

289



anti-inflammatory drugs of superoxide productiord agranule enzyme release by
polymorphonuclear leukocytes stimulated with immuneomplexes or
formyl-methionyl-leucyl-phenylalanin®iochem PharmacoB6, 2511-7.

Norman, M. U. & Hickey, M. J. (2005) Mechanismslyrhphocyte migration in autoimmune
diseaseTissue Antigen$6, 163-72.

O'Neill, P. M., Bray, P. G, Hawley, S. R.,, Ward, 8. & Park, B. K. (1998)
4-Aminoquinolines--past, present, and future: anabal perspectivePharmacol Ther,
77, 29-58.

Onnheim, K., Bylund, J., Boulay, F., Dahlgren, C.R&rsman, H. (2008) Tumour necrosis
factor (TNF)-alpha primes murine neutrophils wheiggered via formyl peptide
receptor-related sequence 2, the murine orthologichuman formyl peptide
receptor-like 1, through a process involving theety TNF receptor and subcellular
granule mobilizationlmmunology,125 591-600.

Packard, R. R., Lichtman, A. H. & Libby, P. (200B)nate and adaptive immunity in
atherosclerosissemin ImmunopathaBl, 5-22.

Page, F. (1951) Treatment of lupus erythematostismepacrinelLancet,2, 755-8.

Panayi, G. S., Neill, W. A., Duthie, J. J. & McCadk J. N. (1973) Action of chloroquine
phosphate in rheumatoid arthritis. 1. Immunosuggveseffect. Ann Rheum Dis32,
316-8.

Pellme, S., Morgelin, M., Tapper, H., Mellgvist, H., Dahlgren, C. & Karlsson, A. (2006)
Localization of human neutrophil interleukin-8 (CK®) to organelle(s) distinct from
the classical granules and secretory vesidlégukoc Biol,79, 564-73.

Picot, S., Peyron, F., Donadille, A., Vuillez, J, Barbe, G. & Ambroise-Thomas, P. (1993)
Chloroquine-induced inhibition of the production ™NF, but not of IL-6, is affected

by disruption of iron metabolisnimmunology80, 127-33.

290



Poole, B. & Ohkuma, S. (1981) Effect of weak basasthe intralysosomal pH in mouse
peritoneal macrophage% Cell Biol,90, 665-9.

Porcheray, F., Viaud, S., Rimaniol, A. C., Leone, Samah, B., Dereuddre-Bosquet, N.,
Dormont, D. & Gras, G. (2005) Macrophage activatswmitching: an asset for the
resolution of inflammationClin Exp Immunol142 481-9.

Porteu, F., Brockhaus, M., Wallach, D., EngelmaHn,& Nathan, C. F. (1991) Human
neutrophil elastase releases a ligand-binding feagrftom the 75-kDa tumor necrosis
factor (TNF) receptor. Comparison with the protéclyactivity responsible for
shedding of TNF receptors from stimulated neutrispdiBiol Chem266 18846-53.

Powell, W. S., Gravel, S., Halwani, F., Hii, C. Suyang, Z. H., Tan, A. M. & Ferrante, A.
(1997) Effects of 5-0x0-6,8,11,14-eicosatetraetaaid on expression of CD11b, actin
polymerization, and adherence in human neutrophilsimunol, 159 2952-9.

Quinn, M. T. (2004)The neutrophils: new outlook for old cellspndon, Imperial college
press.

Raghoebar, M., Huisman, J. A., van den Berg, Wv8n Riel, P. L. & van Ginneken, C. A.
(1988) Chloroquine interaction with inflammatory rhan polymorphonuclear
leucocytesAgents Actions24, 331-42.

Raghoebar, M., Peeters, P. A., van den Berg, W&Bvan Ginneken, C. A. (1986)
Mechanisms of cell association of chloroquine tacteeytes.J Pharmacol Exp Ther,
238 302-6.

Ramos, C. D., Canetti, C., Souto, J. T., Silv&g.JHogaboam, C. M., Ferreira, S. H. & Cunha,
F. Q. (2005) MIP-lalpha[CCL3] acting on the CCRteftor mediates neutrophil
migration in immune inflammation via sequentialegdde of TNF-alpha and LTB4.
Leukoc Biol,78, 167-77.

Randrianarivelojosia, M., Raveloson, A., Randriaardana, A., Juliano, J. J., Andrianjafy, T.,

291



Raharimalala, L. A. & Robert, V. (2009) Lessonsrimeafrom the six decades of
chloroquine use (1945-2005) to control malaria iaddgascafrans R Soc Trop Med
Hyg, 103 3-10.

Reeves, E. P, Lu, H., Jacobs, H. L., Messina,.CB@sover, S., Gabella, G., Potma, E. O.,
Warley, A., Roes, J. & Segal, A. W. (2002) Killiagtivity of neutrophils is mediated
through activation of proteases by K+ flidature,416 291-7.

Richter, J., Gullberg, U. & Lantz, M. (1995) TNFduced superoxide anion production in
adherent human neutrophils involves both the pSbpatd TNF receptod Immunol,
154, 4142-9.

Ridley, R. G., Hofheinz, W., Matile, H., Jaquet, ©orn, A., Masciadri, R., Jolidon, S.,
Richter, W. F., Guenzi, A., Girometta, M. A., Uney] H., Huber, W., Thaithong, S. &
Peters, W. (1996) 4-aminoquinoline analogs of ddame with shortened side chains
retain activity against chloroquine-resistant Pladimam falciparum. Antimicrob
Agents Chemothe40, 1846-54.

Roos, D., van Bruggen, R. & Meischl, C. (2003) atide Killing of microbes by neutrophils.
Microbes Infectp, 1307-15.

Rynes, R. I. (1993) Toxicity of antimalarial drugs rheumatoid arthritisAgents Actions
Suppl,44, 151-7.

Rynes, R. I. (1997) Antimalarial drugs in the treaht of rheumatological diseasé&. J
Rheumatol36, 799-805.

Sakaguchi, S. (2008) Regulatory T cells in the @ast for the futureEur J Immunol,38,
901-37.

Sakaguchi, S., Yamaguchi, T., Nomura, T. & Ono,(B008) Regulatory T cells and immune
toleranceCell, 133 775-87.

Savarino, A., Boelaert, J. R., Cassone, A., Maj@i, & Cauda, R. (2003) Effects of

292



chloroquine on viral infections: an old drug agateslay's diseasedancet Infect Dis,
3, 722-7.

Scherbel, A. L., Harrison, J. W. & Atdjian, M. (185Further observations on the use of
4-aminoquinoline compounds in patients with rhewitharthritis or related diseases.
Cleve Clin Q25, 95-111.

Scherbel, A. L., Schuchter, S. L. & Harrison, J. #857) Comparison of effects of two
antimalarial agents, hydroxychloroquine sulfate enidroquine phosphate, in patients
with rheumatoid arthitisCleve Clin Q,24, 98-104.

Schleiffenbaum, B. & Fehr, J. (1990) The tumor pe factor receptor and human
neutrophil function. Deactivation and cross-deatton of tumor necrosis
factor-induced neutrophil responses by receptorrdegulation.J Clin Invest,86,
184-95.

Schleiffenbaum, B., Moser, R., Patarroyo, M. & Fehr(1989) The cell surface glycoprotein
Mac-1 (CD11b/CD18) mediates neutrophil adhesion emmtulates degranulation
independently of its quantitative cell surface egsionJ Immunol,142 3537-45.

Schlesinger, P. H., Krogstad, D. J. & Herwaldt] B(1988) Antimalarial agents: mechanisms
of action.Antimicrob Agents Chemoth&?2, 793-8.

Schmid-Schonbein, G. W. (2006) Analysis of Inflantim@ Annu Rev Biomed Eng

Schultz, R. M., Marder, P., Spaethe, S. M., HerirnK. & Sofia, M. J. (1991) Effects of two
leukotriene B4 (LTB4) receptor antagonists (LY2532&nd SC-41930) on
LTB4-induced human neutrophil adhesion and supdeproductionProstaglandins
Leukot Essent Fatty Acidé3, 267-71.

Segal, A. W. (2005) How neutrophils kill microbéginu Rev ImmunoR3, 197-223.

Shin, M. H., Lee, Y. A. & Min, D. Y. (2009) Eosinbp-mediated tissue inflammatory

responses in helminth infectiolkorean J Parasitol47 Supp| S125-31.

293



Simmons, D. L. (2006) What makes a good anti-inffaatory drug target®rug Discov
Today,11, 210-9.

Simopoulos, A. P. (2002) Omega-3 fatty acids iramimation and autoimmune diseasés.
Am Coll Nutr,21, 495-505.

Skerrett, S. J., Martin, T. R., Chi, E. Y., Peschanl., Mohler, K. M. & Wilson, C. B. (1999)
Role of the type 1 TNF receptor in lung inflammatmfter inhalation of endotoxin or
Pseudomonas aeruginogan J Physiol276 L715-27.

Smith, C. W., Hollers, J. C., Patrick, R. A. & HatisC. (1979) Motility and adhesiveness in
human neutrophils. Effects of chemotactic factdr€lin Invest,63, 221-9.

Solomon, V. R., Hag, W., Srivastava, K., Puri, S.&Katti, S. B. (2007) Synthesis and
antimalarial activity of side chain modified 4-amquinoline derivativesJ Med
Chem,50, 394-8.

Sonoda, K. H., Matsuzaki, G., Nomura, A., Yamada,Hmano, S., Nakamura, T., Mukasa,
A. & Nomoto, K. (1997) Macrophages activated bytérsa monocytogenes induce
organ-specific autoimmunitymmunology92, 274-83.

Sperber, K., Quraishi, H., Kalb, T. H., Panja, &techer, V. & Mayer, L. (1993) Selective
regulation of cytokine secretion by hydroxychloroepa inhibition of interleukin 1
alpha (IL-1-alpha) and IL-6 in human monocytes aretlls.J Rheumatol20, 803-8.

Stein, M., Bell, M. J. & Ang, L. C. (2000) Hydroxgloroquine neuromyotoxicity.J
Rheumatol27, 2927-31.

Stocks, P. A., Raynes, K. J., Bray, P. G, ParkKB.O'Neill, P. M. & Ward, S. A. (2002)
Novel short chain chloroquine analogues retainvagtagainst chloroquine resistant
K1 Plasmodium falciparund. Med Cheny5, 4975-83.

Taggart, C. C., Greene, C. M., Carroll, T. P., QIN&. J. & McElvaney, N. G. (2005)

Elastolytic proteases: inflammation resolution alydregulation in chronic infective

294



lung diseaseAm J Respir Crit Care Med,71, 1070-6.

Tartaglia, L. A., Pennica, D. & Goeddel, D. V. (BQ9.igand passing: the 75-kDa tumor
necrosis factor (TNF) receptor recruits TNF fomsiling by the 55-kDa TNF receptor.
J Biol Chem268 18542-8.

Tedelind, S., Westberg, F., Kjerrulf, M. & Vidal,. £2007) Anti-inflammatory properties of
the short-chain fatty acids acetate and propionatestudy with relevance to
inflammatory bowel diseas@orld J Gastroenteroll 3, 2826-32.

Temprano, K. K., Bandlamudi, R. & Moore, T. L. (B)QAntirheumatic drugs in pregnancy
and lactationSemin Arthritis Rheun®5, 112-21.

Thong, Y. H. & Ferrante, A. (1978) Inhibition of tongen-induced lymphocyte proliferative
responses by quinindm J Trop Med Hy(®R7, 354-6.

Thong, Y. H. & Ferrante, A. (1980) Immunopotentatiby pyrimethamine in the mous&lin
Exp Immunol 39, 190-4.

Tietze, C., Schlesinger, P. & Stahl, P. (1980) @daine and ammonium ion inhibit
receptor-mediated endocytosis of mannose-glycogatgs by macrophages: apparent
inhibition of receptor recycling@iochem Biophys Res Comma@8, 1-8.

Tkalcevic, J., Novelli, M., Phylactides, M., Iredald. P., Segal, A. W. & Roes, J. (2000)
Impaired immunity and enhanced resistance to endoio the absence of neutrophil
elastase and cathepsini@munity,12, 201-10.

Tsai, W. P., Nara, P. L, Kung, H. F. & Oroszlan, @990) Inhibition of human
immunodeficiency virus infectivity by chloroquinAlDS Res Hum Retroviruses,
481-9.

Uguccioni, M., D'Apuzzo, M., Loetscher, M., Dewalti, & Baggiolini, M. (1995) Actions of
the chemotactic cytokines MCP-1, MCP-2, MCP-3, RAS$T MIP-1 alpha and

MIP-1 beta on human monocyté&ur J Immunol 25, 64-8.

295



Ulbrich, H., Eriksson, E. E. & Lindbom, L. (2003eukocyte and endothelial cell adhesion
molecules as targets for therapeutic interventionsnflammatory diseaselrends
Pharmacol Sci24, 640-7.

Vedder, N. B. & Harlan, J. M. (1988) Increased acef expression of CD11b/CD18 (Mac-1)
is not required for stimulated neutrophil adhereteecultured endotheliuml Clin
Invest,81, 676-82.

Veinot, J. P., Mai, K. T. & Zarychanski, R. (1998hloroquine related cardiac toxicity.
Rheumatol25, 1221-5.

Vippagunta, S. R., Dorn, A., Matile, H., Bhattagkar A. K., Karle, J. M., Ellis, W. Y., Ridley,
R. G. & Vennerstrom, J. L. (1999) Structural speityf of chloroquine-hematin
binding related to inhibition of hematin polymetioen and parasite growtll Med
Chem 42, 4630-9.

Walcheck, B., Herrera, A. H., St Hill, C., Mattilg, E., Whitney, A. R. & Deleo, F. R. (2006)
ADAML17 activity during human neutrophil activati@md apoptosisg=ur J Immunol,
36, 968-76.

Wanten, G. J., Geijtenbeek, T. B., Raymakers, Rvén Kooyk, Y., Roos, D., Jansen, J. B. &
Naber, A. H. (2000a) Medium-chain, triglyceride-taining lipid emulsions increase
human neutrophil beta2 integrin expression, adinesamd degranulation]lPEN J
Parenter Enteral Nutr24, 228-33.

Wanten, G. J., Janssen, F. P. & Naber, A. H. (2@3yrated triglycerides and fatty acids
activate neutrophils depending on carbon chaintkeriur J Clin Invest;32, 285-9.

Wanten, G. J., Roos, D. & Naber, A. H. (2000b) Eiffeof structurally different lipid
emulsions on human neutrophil migrati@iin Nutr, 19, 327-31.

Ware, L. B. & Matthay, M. A. (2000) The acute regpory distress syndromil. Engl J Med,

342, 1334-49.

296



Weber, M., Uguccioni, M., Baggiolini, M., Clark-Lasy I. & Dahinden, C. A. (1996) Deletion
of the NH2-terminal residue converts monocyte chaet@ protein 1 from an
activator of basophil mediator release to an egdinachemoattractantl Exp Med,
183 681-5.

Weber, S. M., Chen, J. M. & Levitz, S. M. (2002hilpition of mitogen-activated protein
kinase signaling by chloroquingImmunol,168 5303-9.

Weber, S. M. & Levitz, S. M. (2000) Chloroquineerferes with lipopolysaccharide-induced
TNF-alpha gene expression by a nonlysosomotropicham@sm.J Immunol, 165
1534-40.

Weiss, T., Grell, M., Hessabi, B., Bourteele, Suller, G., Scheurich, P. & Wajant, H. (1997)
Enhancement of TNF receptor p60-mediated cytotxiby TNF receptor p80:
requirement of the TNF receptor-associated factbirzling site.J Immunol,158
2398-404.

West, M. A., Bennet, T., Seatter, S. C., Clair& Bellingham, J. (1997) LPS pretreatment
reprograms macrophage LPS-stimulated TNF and Ilelease without protein
tyrosine kinase activatiod.Leukoc Biol51, 88-95.

Williams, R. D., Wang, E. & Merrill, A. H., Jr. (B3) Enzymology of long-chain base
synthesis by liver: characterization of serine peiyitransferase in rat liver
microsomesArch Biochem Biophy228 282-91.

Witko-Sarsat, V., Rieu, P., Descamps-Latscha, Bsakre, P. & Halbwachs-Mecarelli, L.
(2000) Neutrophils: molecules, functions and pahllygmlogical aspectd.ab Invest,
80, 617-53.

Worthen, G. S., Avdi, N., Vukajlovich, S. & Tobiag, S. (1992) Neutrophil adherence induced
by lipopolysaccharide in vitro. Role of plasma cament interaction with

lipopolysaccharide] Clin Invest90, 2526-35.

297



Xaus, J., Comalada, M., Valledor, A. F., Lloberds, Lopez-Soriano, F., Argiles, J. M.,
Bogdan, C. & Celada, A. (2000) LPS induces apoptasi macrophages mostly
through the autocrine production of TNF-alpB&od, 95, 3823-31.

Yang, K. K., Dorner, B. G., Merkel, U., Ryffel, BSchutt, C., Golenbock, D., Freeman, M. W.
& Jack, R. S. (2002) Neutrophil influx in respongea peritoneal infection with
Salmonella is delayed in lipopolysaccharide-bindingtein or CD14-deficient micé.
Immunol,169 4475-80.

Zagryagskaya, A. N., Aleksandrov, D. A., Pushkayé&taA., Galkina, S. I., Grishina, Z. V. &
Sud'ina, G. F. (2008) Biosynthesis of leukotrieng¢ iB human polymorphonuclear
leukocytes: regulation by cholesterol and othadsp] Immunotoxicol5, 347-52.

Zarini, S., Gijon, M. A., Folco, G. & Murphy, R. Q2006) Effect of arachidonic acid
reacylation on leukotriene biosynthesis in humarutnophils stimulated with
granulocyte-macrophage colony-stimulating factor dan
formyl-methionyl-leucyl-phenylalaningd. Biol Chem281, 10134-42.

Zhang, J. H., Ferrante, A., Arrigo, A. P. & Dayér,M. (1992) Neutrophil stimulation and
priming by direct contact with activated human Tnphocytes.J Immunol, 148
177-81.

Zhou, Y. M., Kutsuna, H., Suzuki, K., Hato, F. &tHgawa, S. (2003) Serine protease
inhibitors inhibit superoxide release and adherendaeiman neutrophils stimulated by
granulocyte-macrophage colony-stimulating factod @ammor necrosis factor-alpha.
Int J Hematol,77, 253-8.

Ziegler, H. K. & Unanue, E. R. (1982) Decrease mcnophage antigen catabolism caused by
ammonia and chloroquine is associated with inlghitof antigen presentation to T

cells.Proc Natl Acad Sci U S A9, 175-8.

298



