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Abstract

The complement system is one of the defence systemd by the host to protect
itself against pathogens. It is divided into thoeenplement pathways: the antibody-
dependent classical pathway, the lectin pathway thedalternative pathway. This
latter antibody-independent pathway is auto-actidand leads to the generation and
the deposition of C3b molecules on the pathogenifase. Properdin, the only
positive regulator of this pathway, plays a majae oy stabilising the alternative C3
convertase that leads to the creation of the aioatibn loop. Only little was known
about the biology of properdin at the beginningtlo$ project, despite the fact that
properdin was discovered more than 50 years agodasgite the important role
played by this molecule in immunity, as illustratbd the higher susceptibility to
severe meningococcal disease encountered by prmoeficient people. My thesis
dealt with three experimental outlines to deterntiveerole of properdin in immunity

Properdin was examined from its global expressipivdrious organs to its specific
expression by different cell types. | have firsbwh using molecular biology and
bioinformatics tools that properdin was expresdeal r@latively high level in different

lymphoid organs. | have then examined in more t#taiexpression of properdin by
one of these organs, namely the spleen, using iroftuomescence. Properdin was
thus shown to be present only in the white pulp gamment of this organ, where it
was organised in clusters of properdin-positivelscelossessing long cytoplasmic
extensions.

Next, | studied the expression of properdin by kami cells. | have first given
evidence that properdin was deposited on the sidéplatelets and that this level of
deposition was related to the activation statdefgdlatelets. | have then shown for the
first time that properdin was expressed by two ncaditlines. Microscopic analyses
then demonstrated that properdin was present ot cell membrane and was
present mainly as clusters on membrane extensionkisto vesicles in the process
of being released. Further analyses on vesicleagsetl by mast cells confirmed that
properdin was enriched in a fraction of vesiclesilgir in size and in shape to
microvesicles.

Finally, the role played by properdin during baieeinfection was investigated using
a pneumococcal pneumonia model. This study shohatdproperdin-deficient mice

presented a worse level of infection than theirdwylpe littermates 2 days post-
infection. This was associated with an unexpecigten survival rate for properdin-

deficient animals one week following the challengberefore, in this model, while

properdin was seen to be beneficial during thet #8 hours post-infection, by

controlling the infection, the absence of propetdih to increased survival following

infection. This study thus showed for the first ¢inthat properdin could play a
bivalent role during infection, the higher inflamiogy response engendered by
properdin turning from being beneficial to beindraeental to the host over time.
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Introduction

1 General introduction

Immunology is by definition the study of immunitghe English word
“immunity” coming from the Latin term ifnmunitas’ meaning ‘exempt”. The
immune system comprises thus all the tissues, aalismolecules used by the body
to protect itself from a foreign pathogenic agent &o keep itself exempt of this

agent.

1.1 The immune system

Initially, there is a phase of recognition of tlaeget, followed by an effector
phase in which the target is neutralised and/onielted. The immune system is

divided into two categories: the innate immunitg dne adaptive immunity.

The innate immunity is the first line of defenceaegt pathogenic agents. It is
non-specific and includes elements that do not tadBipe innate immunity thus
consists of physical barriers — such as the skinthe mucous membranes —
physiological barriers — such as the pH or solubalkeors, including complement
components — and phagocytic cells — such as moescyinacrophages and

neutrophils.

The adaptive immunity by contrast is specific aosduared during the life of
an individual. It requires more time than the imn@munity to develop as it involves
the formation of specific antibodies and of T-aelteptor repertoire directed against
the specific antigens carried by the pathogen.sG#lithe adaptive immunity include
B lymphocytes, T lymphocytes and antigen-presenteits.

1.2 The complement system

The complement system functions within both theatenand the adaptive
immunity, as it can be activated either by the fation of an immune complex, or by

contact with the surface of a pathogen.

The first people to describe this system and to timenthe word
“complement” were Jules Bordet and Paul Ehrlickhatvery end of the focentury
(Lachmann, 2006). Nowadays, the complement systemdivided into three
pathways: the classical pathway, the alternatiitbvpay and the lectin pathway, and

is composed of more than 30 circulating and men@tarund proteins. These three
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pathways all converge, after different proteolyt@scades, to the formation of a
complex called the C3 convertase. Even though thiecules constituting the diverse
C3 convertases are different, a same terminal @athsvthen shared by the 3 systems
as illustrated by the figure 1-1. These three cemgint cascades result in the same
final activities: cytolysis, production of opsoniasd anaphylatoxins, and initiation of

an inflammatory reaction.

1.2.1 Classical complement pathway

It was the first complement pathway discovered. Thiiation of this
pathway is triggered by the C1 complex, itself fednby Clq and a tetramer
comprising two copies of the Clr and of the Clseunales. The formation of an
immune complex induces conformational changes efRb region portion of IgM,
lgG1, 1IgG2 and 1gG3 molecules. This modificatioloak C1q to bind to adjacent Fc
regions and this binding triggers C1r auto-actvatiActivated C1r then cleaves the
C1s molecule and activated C1s binds to and cle@deasto two fragments: C4a and
C4b; C4a acting as an anaphylatoxin whereas C4lie wtaying attached to the
pathogen’s surface, binds to the C2 component. figndy-formed C4b2 complex is
then cleaved by the activated C1s. This cleavagesi¢o the formation of two new
molecules: C2a and C2b, causing the creation ofCddg2a complex, the so-called

classical C3 convertase (figure 1-1A) (Duncan gt24108).

The classical pathway has been shown to be asivadeited by non-immune
proteins such as serum amyloid P protein, C-reaqgtirotein, polyanions or viral

membranes (Gasque, 2004).

1.2.2 Lectin complement pathway

The lectin pathway was the last complement pathwdye discovered (lkeda
et al.,, 1987). It is antibody-independent and isvated when MBL (Mannose-
Binding Lectin) or ficolins bind to carbohydrateogps present at the surface of
certain pathogens. When activated, MBL or ficoltas interact with one of the three
Mannose-binding lectin Associated Serine Prote@gésSP-1, MASP-2 and MASP-
3) or with the non-protease MAp19 (MBL-Associatedtpin 19) (Gaboriaud et al.,
2007). The complex formed by the association af/atgd ficolin or MBL to MASP-

2 activates and cleaves C4 and C2 as the actiGitedbes for the classical pathway
and this results in the formation of the C4b2a dempwhich is the lectin C3
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convertase, and the release of C4a and C2b fragnfiguire 1-1B) (Duncan et al.,
2008).

The MBL-MASP-1 complex may as well play a role byedtly inducing the
cleavage of C3, although this still remains unc(@mmett et al., 2006).

1.2.3 Alternative complement pathway

The alternative complement pathway was first describy Louis Pillemer in
1954 as the “properdin system” (Pillemer et al54)9 It plays an important role in
host defence against pathogens as it leads tdithma&tion of the pathogen without
the help of any specific antibodies. To indicateitbvelonging to this pathway, all the
alternative pathway’s proteins were called “factovgth the exception of C3 as this

component is common to the three pathways.

This pathway is originally known to be initiated &yto-activation of C3. This
non-specific mechanism is called “tick-over”. Spamgously 1% of the serum C3 is
hydrolysed, thus altering the conformation of theleoule. The so-called C3{B)
molecule generated has then the ability to binthéoserine protease factor B. When
bound to C3(KO), factor B is cleaved, in presence of factor mdp iBa and Bb, the
Bb fragment remaining associated to the G8{Ho generate a C3(B@)Bb complex
that has a C3 convertase-like activity. CZhBb is also able to cleave C3 molecules
into C3a and C3b. Once C3b is generated, it thealently binds to factor B and, in
presence of factor D, leads to the creation of BBB3complex (and to the release of
a Ba molecule), which is the C3 convertase of tkerrative pathway (figure 1-2)
(Thurman and Holers, 2006). Properdin, by bindmg¢his C3bBb complex, stabilises
the C3 convertase and enhances by 10-fold thelifealdf this convertase (Fearon
and Austen, 1975). By stabilising the C3 convertaseperdin amplifies the C3 turn-
over and therefore the generation of more C3b mit#ecand the deposition of more

C3b onto the pathogen’s surface.

Recent publications however suggested that thenalige C3 convertase
could be formed following another succession ofnéseinvolving the binding of
properdin directly to C3b or even directly to theface of the pathogen (Hourcade,
2006; Spitzer et al., 2007). This new function igerdin is described in more detail
in chapter 1.3.4.



Introduction

The fact that the alternative pathway is initiatgda hydrolysed form of C3
means that this pathway can be activated as wdilotly the classical and the lectin
pathway: the C3b molecules obtained after actimaid these two complement
pathways bind to the surface of a pathogen angyraesence of both factor B and
factor D, generate alternative C3 convertases.alteenative pathway acts therefore
as an amplifier of the two other complement path¢gpuwer et al., 2006).

1.24 C3 convertase and C5 convertase

As mentioned earlier, both the C4b2a complex aerddBbBb complex act as
a C3 convertase, which means that they both cléa®eC3 component into two

fragments: the C3a anaphylatoxin and the C3b opsoni

The binding of C3b molecules to a C3 convertase thads to the creation of
a C5 convertase. This convertase is therefore #e2&3b complex for both the
classical and the lectin pathway, and the C3bBb8imptex for the alternative
pathway. Both types of C5 convertase share the sanndty: they bind to the C5
component, hydrolyse it and release the C5a anajgoixyh and the C5b fragment.
This latter molecule next binds to the pathogenisage and this constitutes the first

step of the common Ilytic terminal complement patph{gures 1-1D and 1-2).

1.25 Terminal pathway

This terminal pathway starts with the binding o€ t&5b fragment to the
pathogenic surface and ends with the creation efMlembrane Attack Complex
(MAC). After binding to the surface of the targetls, C5b is stabilised by C6 and
this creates the C5b6 complex. It is then succebsiwined by C7 and C8. This
newly-formed C5b678 complex initiates the creatioh a small pore into the
membrane of the target cell. Multiple C9 moleculesn bind to this complex and
polymerise. This allows the MAC to get fully inssiitinto the membrane and creates
a pore inside the cell surface, preventing the tekeep its osmotic stability, and
therefore leads to the cell lysis (figure 1-1D) (her, 2003).



Introduction

A | classical B | lectin C | alternative
C1q binding to: MEL binding to: spontaneous
- antibody-antigen complexes oligosaccharides on breakdown
= cartain virionsfinfected cells certain virions/infected cells of C3 in serum

MASP.1™ MASF.2
Cir, Cis
C3b + C3a
H;'_:‘Iq l l MEL _,_,-I-‘"H
Clywaz*Cl m"l"hs"m *—m"r";s'l'ﬂ “

PoXucna Pl o rface-bound C3b P

-‘-“"“H-__f_'

C4——> Cdb + Cda l“_ factor B g S8F
Iacior | ——=
.,-'-""F-—-
¢z —:rl CabB TG-} l
— 1o w0, B0
CAd + Cade factor | Cdb2 CabBb + Ba
finactive) T&) l l.q_ properdin (P} ..
GG {inactivaj
CA1 Cdb2a C3bBbP
(cla:—;sicalﬂul BL alternative )
C3 convertase C3 convertase
D | terminal
C3 convertases
C3—»C3a+ Cab

C5 convertases (C4b2a3b & Cib,Bb)

0G5 ————» C5b + C5a

e —»
C7—» =
Eﬂ — | w— facior 5

C5haTE
co —}quE]— cDsg
C5bETRID),

ipid bikayer (membrane altack complex, MAC)

8 (10 - 16 units) membrane disruption

Figure 1-1: The complement pathways. A: the classical pathviythe lectin
pathway; C: the alternative pathway and D: the comnterminal pathway. Positions
of regulatory molecules (factor H, factor I, fact8r CD46, CD59 and CR1) are
indicated in blue (from Favoreel et al., 2003).
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1.2.6 Requlation of the complement system

Several finely regulatory mechanisms control thenglement pathway to

allow it to keep its specificity to pathogenic sell

The lability of some major complement componentsnis effective regulatory
mechanism used to avoid impromptu activation of toenplement system. For
example, the half-life of the C3 convertase anddtability of the C5b fragment are
considerably reduced if they are not quickly siabd by properdin and C6,
respectively (Fearon and Austen, 1975; Wurzner 320 the same way, the very
short half-life of C3b prevents it from diffusingrffrom its generating site and thus

from binding to healthy non-pathologic cells.

Another strategy used by the complement systemdizgt its host pertains to
soluble or membrane-bound factors (figure 1-1). iif@nbrane-associated regulatory
proteins are often found on the surface of hoskscdlut are absent on foreign
surfaces, while the soluble factors are presentigit concentration in the blood.
These proteins act at different points of the camant cascade. It is the case of C1-
Inh (C1 Inhibitor), a major inhibitor of the clasal pathway as it can either dissociate
C1q from the rest of the C1 molecule or preventat®activation of the C1s and C1r
sub-units (Duncan et al., 2008). C4bBP (C4b Bind#rgtein), CR1 (Complement
Receptor 1) and MCP (Membrane Co-factor Protei@@#46) all bind to C4b. For the
alternative pathway, the regulatory role is plapgdfactor H, CR1 and MCP, which
all bind to C3b. Factor | then cleaves inhibitosbd C3b and C4b molecules
respectively into iC3b and C3f, and into C4c andlQdactivating irreversibly C3b
and C4b (Favoreel et al., 2003).

The complement system can as well be regulatedthigeformation of the C3
convertase. In fact, all the proteins mentionedhim previous paragraph, except for
MCP, are able to dissociate the C3 convertase idtéormation. This role is played
too by DAF (Decay Accelerating Factor) (Harris et 2007).

The generation of the MAC is finely regulated aslwg CD59 and by the S-
protein (CD55), which, by binding to the C5b67 cdexp prevents its insertion into

the membrane (Favoreel et al., 2003).
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1.2.7 Complement activities

Activation of the complement system results in aetg of biological actions,
such as cell lysis, opsonophagocytosis and inflatbmaesponses. In addition to
these acute responses, the complement system éasshewn to play an important

role during chronic conditions such as both iscleanid autoimmune diseases.

1.2.7.1 C3 component

C3 is the central component of the complement sysihile native C3 in
serum is an inert molecule, C3 is cleaved into d&irents: C3a and C3b, during
complement activation. Due to the important roleyptl by C3b in immunity, C3b is
highly regulated and therefore can be inactivatgdfdctor | into two cleavage
products: C3f and iC3b. Further cleavage of iC3m$eto the formation of C3c and
C3dg, this latter being itself cleaved into C3d &Rf (figure 1-3) (Law and Dodds,
1997). Many of these C3 activation/degradation pot&lplay a crucial role: C3a is an
anaphylatoxin (see chapter 1.2.7.4), C3b and i@8opsonins (see chapter 1.2.7.3),
while C3dg and C3d are ligands for CR2, a non-pbwyo receptor present on B
lymphocytes. The association of C3dg and C3d to @fdences B cell activation
and development and plays a role in antibody pribolucantibody class switching

and memory functions (Lyubchenko et al., 2005).

1.2.7.2 Lytic action
As seen in the chapter 1.2.5, the generation ofmtimbrane attack complex at

the end of the communal terminal pathway resultthen formation of pores on the
surface of target cells and therefore leads taldath of these cells. This constitutes a
major defence mechanism against certain bacterthvaal infections as its initiation
can happen in absence of specific antibodies, ota the alternative and the lectin
pathway. However, due to the thick cell wall thaeyents the insertion of the
complex into their membrane, Gram-positive bactaia often resistant to MAC-
mediated lysis. Few Gram-negative bacteria can ek evade this mechanism via
their long polysaccharide side chains associatethéor LPS: this prevents, here
again, the insertion of the MAC into the membrahthe bacteria (Kindt et al., 2007).

1.2.7.3 Opsonisation
Complement activation leads to the formation ofamms molecules. These

molecules can bind both the antigen present atstineace of a pathogen and the

opsonin receptor present at the surface of sepbiocytic cell types. They thus act
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as a bridge between pathogens and phagocytic aatisallow the elimination of a
pathogen without requiring the presence of antib@®bBcause opsonisation happens
on both Gram-positive and Gram-negative bactepapnophagocytosis is one of the
major mechanisms used in innate immunity againgiqoens (Jarva et al., 2003;
Rautemaa and Meri, 1999).

The three complement-derived opsonins are named iC3b and C4b. C3b
and C4b result respectively from the cleavage ofa@dd@ C4 during complement
activation, while iC3b is a further cleavage pradot C3b (see chapter 1.2.7.1 and
figure 1-3). Three complement-derived opsonin remsphave been described as well:
the complement receptors CR1, CR3 and CR4. CRIepsss a binding site for both
C3b and C4b, while iC3b is a ligand for both CR8 &R4. These three complement
receptors are present on the surface of many phkagocell types including

macrophages, monocytes and neutrophils (Hosté@én; Ren et al., 2004).

As the bacterial capsule can act as a barrier legiwlge opsonin fixed on the
bacterial surface and its receptor, some capsutteba are able to evade

opsonophagocytosis (Kindt et al., 2007).

1.2.7.4 Production of anaphylatoxins

Others products of complement activation are thea C8d Cba
anaphylatoxins, which are strong inducers of inflation. They are ligands for
specific G-protein-coupled receptor, namely C3aRd a@5aR, present on
inflammatory cells. Both C3a and C5a are strongradatractants for neutrophils and
lymphocytes and their release during complemenivatain contributes to the
clearance of pathogens by quickly attracting phgocells (such as macrophages
and monocytes) at the site of infection. They irmdlesmooth muscles contraction, as
well as mast cells and basophils recruitment angraseilation, resulting in the
liberation of histamine and other mediators thatease vascular permeability (Kindt
et al., 2007).

In addition to that, C3a possesses an anti-micraloi@vity as it can generate
breaks in the plasma membrane of some bacterig@essribed for anti-microbial
peptides (Nordahl et al., 2004).
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1.3 Properdin

Properdin functions within the alternative pathvedycomplement activation.
It is the only positive regulator of this pathway.

1.3.1 History of properdin

It is difficult to mention properdin without relayg its controversial discovery.
In 1954, when failing to isolate the “C’3” componei the complement (which was
at this time considered as a single molecule, butesponds to the C3, C5, C6, C7,
C8 and C9 components nowadays) by treating humammsevith zymosan, a
component of the yeast wall, Louis Pillemer disgedea new serum protein; Hans
Hirschmann named this molecule “properdin” (Pilleraeal., 1954).

Believing properdin was of major importance, Pilemwith the help of
numerous collaborators, decided to characterisee mmecisely this molecule.
Properdin was found to have bactericidal, virustradiging and haemolytic activities.
Pillemer then introduced the concept of a “properslstem” consisting of different
serum components — including properdin — which tloglewere allegedly playing a
protective role against pathogens without requiritige presence of immune
complexes (Pillemer et al., 1954). The paper madgtinis discovery, published in 1954
in Science, generated a huge interest by the pahticquickly properdin was seen as
a “modern day, biologic philosopher’s stone” (Lepd®80). However, quickly after
the publication of this paper, some scientistsjataint to the concept of the properdin
system, came forward with another interpretationPdfemer’s results. In 1957,
during this period of scientific scepticism surrding the properdin system, Louis
Pillemer died from an overdose of barbiturate; lharbte was actually the buffer used
in Pillemer’'s complement assay (Maves and Weil883). His death, seen as suicide
even though it has never been proved, intensifiexh enore the polemic around the
properdin system. A year after Pillemer’s deathb&b Nelson Jr. published in the
Journal of Experimental Medicine the first papgeceng the properdin system. In
this paper, Nelson explained Pillemer’'s “observdterpmena by a mechanism
involving natural antibodies and complement comptsieénstead of a single and
discrete new substance, properdin” (Nelson, 195&).a decade, this will be the view

adopted by the scientific community as it was inocadance with the existing dogma
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introduced by Ehrlich that defined complement atton as being immune complex-

dependent (Figueroa and Densen, 1991).

However in 1968, Pillemer's former colleagues, gsiproperdin highly
purified by column chromatography, showed that prdm appeared as a single
molecule using density gradient ultracentrifugataond electrophoresis. This highly
purified properdin had the same properties as pusly observed using partially
purified properdin. Using immunoelectrophoresisgythconfirmed as well that
properdin was distinct from immunoglobulins (Pensiy al., 1968). More data
published in the early 1970s suggested the existefan alternative complement
pathway as complement activation was observed emgntly of the presence of C1,
C2 or C4 and as new complement factors were pdr{fiéaves and Weiler, 1993). All
this finally leaded to the acceptance by the sdientommunity of Pillemer’s
properdin and “properdin system”, which was renarttes alternative complement

pathway.

It is worth mentioning that factor B, one of thectfars of the alternative
complement pathway, has long been named propeadiorfB to emphasise the fact it
belonged to this newly found complement pathwayis Tlhaded to confusions in
terminology in some articles when mentioning prdpeinstead of factor B, some of

them still being observed in recent publicationay{®r et al., 2004).

1.3.2 Gene

The human properdin gene, known@SP (Complement Factor Properdin),
represents around 6kb of the genome. It is locatdtie Xp11.3-Xp11.23 region of
the short arm of the X chromosome (Coleman et1l@91; Goundis et al., 1989). It
was first partially sequenced by Reid and Gagnoh981 and its full sequence was
obtained by Nolan and coworkers in 1991 from theAPMimulated U-937 cell line
cDNA (Nolan et al., 1991; Reid and Gagnon, 1981e human properdin gene is
composed of 10 exons: the first exon is not traedlathe second one includes the
translation start site, the TSR-0 to TSR-5 regiares each represented by a unique
exon (from exon 3 to exon 8), while the last TSRSR-6 — is encoded by both exon
9 and exon 10 (Nolan et al., 1992). The open repdiame (ORF) of human
properdin is 1410bp long (from 243 to 1652 of thkRNA sequence with the Genbank
accession number NM_002621) (frdrtp://www.ncbi.nlm.nih.gov/projects/go)f/
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Mouse and guinea-pig properdin have been sequeaseadell and showed
respectively 72% and 75% homology with the humamperdin at a nucleic acid level
(Goundis and Reid, 1988; Maves et al., 1995). TH&@f mouse properdin is
1395bp long (from 71 to 1461 of the mRNA sequend the Genbank accession
number NM_008823) (frorhttp://www.ncbi.nlm.nih.gov/projects/qgoyf/

1.3.3 Protein

Properdin is a mixture of cyclic polymers formedhsad-to-tail association of
flexible, rod-like, asymmetric monomers (Smith dt, 4984). This glycoprotein
circulates in serum in a dimer, trimer or tetrarffeem (ratio 26:54:20) (figure 1-4),
the highest oligomerised form having the highedivitg (Pangburn, 1989). No
monomer of properdin has been detected in serumestigg oligomerisation is an

early intracellular event (Farries and Atkinson39p

An unglycosylated monomer of properdin has an appanass of 53KDa on
an SDS gel under reducing conditions (Smith et1#84). It is made of 469 amino
acids and consists of 7 repetitive, but non-idetimotifs of approximately 60 amino
acids each that are called “thrombospondin typeegeats” or “thrombospondin
structural homology repeats” (TSRs) (Sun et al040These modules possess a well-
conserved CWR (Cysteine Tryptophan Arginine)-laglemeotif and are independently
folded (Smith et al., 1991). Similar motifs are foluin the structure of other modular
proteins such as the C6, C7, C8 and C9 componénite @omplement pathway, the
circumsporozoite oPlasmodium falciparum and thrombospondin | and Il (Goundis
and Reid, 1988).

Properdin’s TSRs are called from TSR-0 (N-termirial)TSR-6 (C-terminal)
(figure 1-4). TSR-0 is a truncated TSR and TSR-$ 2&G amino acids more than the
other TSRs. The role of each TSR was studied usiatant forms of recombinant
properdin lacking certain TSRs and using individuadombinant TSRs. The putative
roles of each TSR are summarised on figure 1-5diHgget al., 1995; Perdikoulis et
al., 2001; Sun et al., 2004). It has been showt tratheir own, none of the TSRs
were able to bind sulphatides, neither C3b, evengh native properdin was able to
bind both sulphatides and C3b, showing that the@aason of all the TSRs was
important for the protein function (Perdikoulisatt, 2001). TSR-0 and TSR-6, being
the extremities of the monomer, are thought to pday important role in the
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oligomerisation of the protein (Higgins et al., 599X-ray scattering analyses of
properdin suggested that TSR-0, TSR-1, TSR-2 ard-F@Act as spacers to ensure
that TSR-4 and TSR-5 are accessible to other migie¢8un et al., 2004). Both TSR-
4 and TSR-5 have been shown to be involved in thbilsation of the C3bBbP
complex (Higgins et al., 1995; Perdikoulis et 2001).

Properdin protein sustains different post-transtatl modifications. The N-
glycosylation is carried by the extra 25 amino acaf the TSR-6 motif. This
glycosylation does not play any role during seorgtipolymerisation or binding of
properdin to C3bBb (Farries and Atkinson, 1989pperdin possesses as well 4 O-
fucosylations and is highly C-mannosylated (on ii&s¥ (Gonzalez de Peredo et al.,
2002; Hartmann and Hofsteenge, 2000).
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5nm

Figure 1-4: Representations of a dimer (B and D) and of adrifA and C) of
properdin. A-B: Electron microscopy pictures (fr@@mith et al., 1984); C-D: Final
best-fit representations (from Sun et al., 2004je positions of the different TSRs
are represented on the graphs by their numbers.
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Figure 1-5: Schematic representation of a monomer of propeadith roles of its
different TSRs. The functions of each TSRs are arpt opposite their schematic
representation.
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1.34 Functions

Properdin is the only positive regulator of the @bement alternative
pathway. It plays its major role by preventing thesociation of Bb from C3b and the
inactivation of the C3 convertase by factor | andfactors (Maves and Weiler, 1993).
Therefore, by stabilising the labile C3 converté@S8bBb) of the alternative pathway,
properdin increases the half-life of this compleani 1-4 to 18-40 minutes (Fearon
and Austen, 1975).

In order to amplify the complement reaction, prajreican bind to either C3b
alone, or C3bBb complex, but has a greater affifwtythe latter. Properdin’s affinity
for membrane bound C3b or C3bBb is as well knowbadigher than its affinity for
their soluble forms (Farries and Atkinson, 1989;ukade, 2006). However, a
relatively recent publication by Hourcade demonsttahat properdin is able to bind
to membrane bound C3b to form a C3b-properdin cerxphd that this complex can
accelerate the association of factor B to C3b amminpte the assembly of a pre-
formed C3 convertase to another monomer of thegudip molecule. These results
suggested that, in addition to its stabilising rgdeoperdin could amplify the C3
convertase formation (Hourcade, 2006). The lateskwf Hourcade’s group showed
that properdin could indeed directly bind to certanicrobial targets and, recently,
Kimura and collaborators showed properdin coulddkio certain type of LPS and
properdin affinity of LPS correlates with the restion of alternative pathway
activation in properdin-deficient mouse serum (Kimet al., 2007; Spitzer et al.,
2007). Spitzer and collaborators suggested thgigodin can activate the alternative
pathway in two manners: either non-specificallydascribed by the standard known
model, or specifically by binding directly to thadterial target or to apoptotic cells
where it initiates the formation of the C3 convsetdfigure 1-6) (Spitzer et al., 2007;
Xu et al., 2008).
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A Standard model: AP initiated by covalent attachment of
nascent C3b to target surface

B Proposed properdin-directed model: AP initiated by
non-covalent attachment of properdin to target surface

b\ 5 G

Figure 1-6: Role of properdin in the initiation of the altetive pathway of
complement. A: the standard model where properaidsoto the pre-formed C3bBb
complex; B: the new properdin-directed model whereperdin binds first to the
target surface before being joined by C3b and Bibn(fSpitzer et al., 2007).
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1.3.5 Properdin deficiency

Although it is the most frequent deficiency for @mponent of the alternative
pathway, properdin deficiency remains a rather omoon event linked to an
increased susceptibility (250 times higher) to @ese (mortality rate of 34-63%)
fulminant meningococcal disease, usually due toather uncommon serogroup
(mainly Y and W-135) ofNeisseria meningitidis (Fijen et al., 1999a; Fijen et al.,
1999b; Spitzer et al.,, 2007). This meningococcatage usually happens during
adolescence (Fijen et al., 1999a). It is the onljnKed complement inheritance and it
causes an impairment of the alternative pathway.

The association of properdin-deficiency wiih meningitidis infection may be
explained by the fact that the alternative pathywiays a major role in anti-capsular
antibody-dependent killing ofN. meningitidis in vitro and that the presence of
properdin seems to be crucial to obtain effectiaetéricidal activity against the
serogroup W-135 ofN. meningitidis (Sjoholm et al., 1991; Sjoholm et al., 2006;
Soderstrom et al., 1991). In presence of a highceamation of anti-capsular
antibodies, the lack of properdin in properdin-diefnt individuals is masked by the
antibody-dependent role played by the classicdtvpay, explaining why properdin-
deficient patients do not develop recurrent infawdi (Fijen et al., 1999a). Thus, to
protect properdin-deficient individuals towardhl. meningitidis infection, a
vaccination every 3 years with a tetravalent ACYWenmngococcal capsular
polysaccharide vaccine is advised (Fijen et al9819Morgan and Orren, 1998).
Detection of properdin-deficient families seems yetbe an issue as properdin
deficiency is not tested routinely. However, a gtuthrried out by Fijen and
collaborators in the Netherlands showed that 33%hefpersons who developed a
meningococcal disease due to an uncommon serogrbup. meningitidis were
complement-deficient and 30% of these complemefitidat people were in fact
properdin-deficient (Fijen et al., 1999a). Scregrof all patients showing evidence of
meningococcal disease due to uncommon serogrous roéningitidis and of their
families should permit to detect and protect mam@pprdin-deficient individuals by

vaccination.

Properdin deficiency being a recessive X-linkedt,tia affects mainly male
individuals. An uneven Lyonisation occurs in femaseriers of the inheritance, the

mean level of properdin being half of the normabpgardin level, with important
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discrepancies between individuals according to degree of inactivation of the
mutated X chromosome (van den Bogaard et al., 2000 pattern makes the

detection of female carriers difficult.

The first properdin-deficient family to have beatentified was a Swedish
family in 1982 with 3 males affected (Sjoholm et, d1982). Since then properdin-
deficiency has been observed in more than 100 ichaiNs belonging to more than 30
families (table 1-1) (Linton and Morgan, 1999). Thaet that properdin deficiency has
been reported in just a few countries suggestddttivas a recent mutation. Although
different point mutations affecting different exookthe properdin gene have been
characterised, only three phenotypic forms of prdipedeficiency — namely type I,
type Il and type Ill deficiency — have been iddstifso far (Truedsson et al., 1997).

The type | deficiency is the most common and thst fone to have been
identified (Sjoholm et al., 1982). It is characted by a complete absence of the
properdin antigen in serum despite a normal mRN&llen this case, an early stop
codon is created due to a point mutation in thep@min sequence, leading to the
synthesis of a truncated properdin molecule, whigii rapidly be degraded

intracellularly (Sjoholm et al., 1982).

The type Il deficiency is characterised by a lowogardin antigen serum
concentration (1 to 10% of the normal level) desgt normal mRNA level. The
intracellular properdin concentration and the dsmmeof properdin by properdin-
deficient monocytes are normal, suggesting the guobp protein is degraded
extracellularly. A point mutation in the properdirquence in fact results in a wrong
oligomerisation of the properdin protein (nearlyiyodimers are visualised in this
case), leading to an increased extracellular césmboof the abnormal molecule
(Nordin Fredrikson et al., 1998).

The type Il deficiency is characterised by a ndriserum concentration of
properdin, but in a dysfunctional form. This defiacy has only been detected in one
large Dutch family (Sjoholm et al., 1988a). In tluase, the point mutation in the
properdin sequence does not affect synthesis, ts@trer oligomerisation of the
protein, but by changing the conformation of thetgin, it prevents its binding to C3b
(Nordin Fredrikson et al., 1996).
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All the published cases of properdin-deficiency sumenmarised in table 1-1.
Over 26 years, 113 people have been diagnosed rdmmkeficient. Properdin-
deficiency has been inventoried in 12 different mdaes, mainly in European
countries. The most common type of properdin-deficy observed was the type |
deficiency. Properdin-deficiency was detected eitie patient suffering from
bacterial infections or in the family of these pats. In patient suffering from
bacterial infection, the average age for the ook#te infection was 17.9 year-old and
the infection was in more than 90% of the casestdiNeisseria meningitidis (1 case
of S pneumoniae infection, 1 case oH. influenza type B infection and 1 case of
chronic discoid lupus erythematosus), with 33% exbg/pe Y, 33% of serotype W-
135, 13% of serotype B and 7% of serotype C. Themadeveloping an infection

due toS. pneumoniae was deficient in both properdin and complement ponent 2.
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Age of | Year of Country Disease associated wit Type of Number of cases of Reference
index | report (+origin) the deficiency for the deficiency properdin deficiency
patient index patient in the family
15 1982 Sweden N. meningitidis C Type | 2 Sjoholm et al., 1982 ; Braconier et B983
ND 1985 Switzerland None Type | ND Schifferli et, d1985
30 1987 USA N. meningitidis Y Type | 2 Densen et al., 1987
9 1987 Canada S pneumoniae Typ_e I +C2 0 Gelfand et al., 1987
deficiency
11 1987 Denmark N. meningitidis B Type Il 2 Nielsen and Koch, 1987
1988 Sweden None Type Il 2 in total Sjoholm etE388b
61 1988 The Netherlands  N. meningitidis C Type llI 9 Sjoholm et al., 1988a; Sjoholm, 1990
47 1989 | UK (Scotland)| Chronic discoidlupus) o | 3 Holme et al., 1989
erythematosus
ND 1989 Denmark ND ND 5 from 4 families Nielseraét 1989
18 1989 Sweden N. meningitidis Y Type | 2 Soderstrom et al., 1989
10 1990 Denmark N. meningitidis Type | ND Nielsen et al., 1990
14 1990 Israel _(T_un|5|an N. meningitidis B Type | or |l > Schlesinger et al., 1990; Kolble et al., 1993; I18sihger
origin) et al., 1993
16 1990 Israe(:)lri(;ﬁylsmn N. meningitidis B Type | 0 Schlesinger et al., 1990; Schlesingef.e1893
9 1993 UK (Scotland) N. meningitidis Type Il 1 Kolble et al., 1993
15 1993 Israel (Tunisian H. influenza type B Type | 4 Schlesinger et al., 1993

origin)
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Age of | Year of Country Disease associated to Type of Number of cases of Reference
index | report (+origin) the deficiency for the deficiency properdin deficiency
patient index patient in the family
Type | +
7 1995 The Netherlands  N. meningitidis Y protein C 1 Derkx et al., 1995; Fijen et al., 1995
deficiency
N. meningitidis B and .
32 1995 UK then W-135 Type | 0 Cunliffe et al., 1995
12 1995 France N. meningitidis Y Type Il 3 Fremeaux-Bacchi et al., 1995
ND 1997 South America ND Type | ? Truedsson et1&197
ND 1998 Brazil ND ND 2 cases Zelazko et al., 1998
14 1998 'Sraf)'ri(;ﬁ;"s'a” N. meningitidis Y Type | 5 Rottem et al., 1998
19 1998 'Sraoer'ig(iLr:l)’ya” N. meningitidis Y Type | 0 Rottem et al., 1998
13 1999 Switzerland N. meningitidis B Type | 8 Spath et al., 1999
1989 TR 11 Type |
1.3 1996 | The Netherlands 9N. meningitidis P 11 Fijen et al., 1989; Fijen et al., 1996; Fijerakt 1999a
patients W-135and 4 Y 2 Tvpe Il
1999 yp
5.5 2006 Turkey N. meningitidis Type | 2 Genel et al., 2006
ND | 2006 |, United States ND Type | 6 Mathew and Overturf, 2006
(Hispanic family)
14 2006 Denmark Uncqmm_orN. Type_l N MBL 5 Bathum et al., 2006
meningitidis deficiency

Table 1-1: Published cases of properdin deficiency. ND: infation not disclosed in the original publication.
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1.3.6 Source of properdin

Properdin is found at a concentration of 22 to ZBjign human sera. Its
concentration in sera of children under the agd a lower (below 20ug/ml) (de
Paula et al., 2003).

Properdin mRNA has been detected in spleen, lagipose tissue, sinonasal
tissue and mammary gland (Avery et al., 1993; Clwog Spiegelman, 1996; Maves
and Weiler, 1992; Nakamura et al., 2006; Vanderne¢exrl., 2004). Unlike most of
the components of the complement system, the lisemot the major source of
biosynthesis for properdin. As properdin expressgomportant in the spleen, it was
suggested as being the main source of properditnessis. However, this hypothesis
was rejected as splenectomy does not affect thenseoncentration of properdin in
human (Truedsson et al., 1990). The actual phygicdd source of properdin still

remains unclear.

At a cellular level, properdin synthesis and/orsgon was observed in many
cell types. All information to date, including rdtsufrom this work, is collated in table
1-2. Thus properdin has been shown to be exprdssethcrophages, monocytes, T
cells, astrocytes, hepatoma cells, stromal vascfitaoblasts, neutrophils, shear

stressed endothelial cells, bronchial epithelilb@nd dendritic cells.
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Cell type Description Technique used Reference
Astrocytes Detection of properdin mRNA in human astrocytes. -ROR, Southern blot Avery et al., 1993
Bronchial . . .
o Expression of properdin by BEAS-2B cells. Real-tiRiE-PCR Vandermeer et al., 2004
epithelial cells
Dendritic cells Expression of properdin by mature and immature hudendritic cells. RT-PCR Reis et al., 2006

Endothelial
cells

Synthesis and secretion of properdin by shearssteslUVEC and HCMEC cells.

RT-PCR, Northern blot,
Immunoprecipitation,
Western blot

Bongrazio et al., 2003

Granulocytes

Detection of properdin mRNA in human peripheraldal@ranulocytes (without detection
de novo synthesis). Secretion of the properdin storethénsecondary granules of
neutrophils stimulated with TNF C5a, IL-8 and fMLP.

of In situ hybridisation,
Northern blot, Western blot
ELISA, flow cytometry

, Wirthmueller et al., 1997

Hepatocytes

Synthesis and secretion of an active form of prdipeny the hepatoma cell line Hep-G2
(not regulated by IL-6).

RT-PCR, Southern blot,
dot blot

Maves and Weiler, 1994

Expression of properdin in peripheral blood T-ceflgnthesis and secretion of properdin

by Northern blot, RT-PCR,

Lymphocytes H9, HuT78, Jurkat and T-ALL cells. ELISA, in situ hybridisation Schwaeble et al., 1993
Macrophages Synthesis and secretion of properdin by guinegpiitoneal macrophages. Immunoelectrophoresis, Bentley et al., 1978 ;
Expression of properdin by LPS-stimulated and inureamacrophages. RT-PCR Reis et al., 2006
RT-PCR, real-time RT-PCR,
Synthesis and secretion of properdin by HMC-1 célteperdin excretion via membrane¢ Western blot, .
Mast cells This work

vesicles.

immunofluorescence,
ELISA, flow cytometry
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Cell type Description Technique used Reference
Synthesis and secretion of an active form of prdipdoy human peripheral blood _ Functi(_)nal assay, Whaley, 1980
monocytes. immunohistochemistry.
Synthesis and secretion of properdin by U-937 chituction of the secretion by im%%tnzlo:égl_:;ﬁbn Minta, 1988
stimulation of the cells with PMA or IFN precip '
Monocytes . : PP : 1989
Synthesis of properdin by HL-60 cells after diffatiation with DMSO. Western blot.
Detection of properdin mRNA in human peripheraldalononocytes. RT-PCR, Southern blot. Maves and Weiler, 199p
Expression and secretion of properdin by periphgicdd monocytes, HL-60, U-937 and  Northern blot, ELISA.
Mono Mac 6 cells. Secretion by Mono Mac 6 cellgsigulated by certain cytokines. Schwaeble et al., 1994
Platelets Detection of properdin on unstimulated and ADP-APRand CRP-activated platelets. Flow cytometry SMadrk
Stromal .
vascular Detection of properdin mRNA in mouse stromal vaactibroblasts isolated from fat tissyeNorthern blot, Western blot. Choy anfggglegelman
fibroblasts

Table 1-2: Cells expressing properdin.
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1.3.7 Aims of the study

The aim of this study was to investigate the ralieproperdin in immunity. In

order to do so, the level of expression of propemdas assessed in different mouse
organs before focusing of its expression patterrofy lymphoid organ, the spleen
(chapter 2). Next, the expression of properdinviy auxiliary cells, namely platelets
and mast cells, was examined (chapters 2.2.2.3 ara$pectively). The synthesis and
secretion of properdin by mast cells was then &rrtbharacterised (chapter 3).
Finally, the role played by properdin during baieleinfection was investigated using
a mouse model of pneumococcal pneumonia and thEemhim-deficient mouse line
(chapter 4).
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2 Properdin expression in mouse organs

2.1 Introduction

As mentioned earlier, only few studies have ingsgéd properdin expression
in murine or human tissues. The first study retapnoperdin expression in tissue was
published by Maves and Weiler in 1992. Using RT-P@Ry found that properdin
was expressed in human spleen (Maves and Weil82)18sing a similar approach,
Avery and collaborators reported in 1993 that prdpewas expressed in human liver
too (Avery et al., 1993). Three years later, prdpewas shown to be expressed as
well in adipose tissue (of mouse origin). This vi@msnd at both a RNA and protein
level. This study was the first to compare the lefeproperdin expression between
tissues: properdin was found to be expressed atvasimilar level in liver and fat
tissue and at a higher level in spleen. MoreovégyCand Spiegelman demonstrated
that the source of properdin in adipose tissuevaasgdipocytes, but stromal vascular
cells (Choy and Spiegelman, 1996). More recentipperdin expression has been
reported in the sinonasal tissue (at a lower lewah in the liver) and in the mammary

gland (Vandermeer et al., 2004; Nakamura et aQ620

The fact that properdin was found to be expressethbese various tissues
suggests that properdin exerts a tissue-specifiction. In fact, while properdin could
play its complement regulatory function in manytbése tissues (like the spleen,
sinonasal tissue or mammary gland), the role opgmdin in other tissue such as the
adipose tissue may be different from its humoralcfion. In order to understand
better the role played by properdin in tissues iimportant to establish a repertoire of
tissues expressing properdin and to compare thel lef/ properdin expression

between each of these tissues.

The aim of the first chapter of this thesis wagaf@e to assess the level of

properdin expression by mouse organs.
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2.2 Material and methods

2.2.1 Tissue sample

Properdin-deficient (see chapter 4.1.2) or wildetypice (C57BI/6 on Charles
Rivers “gold line” background) were culled by ceali dislocation by an experienced
animal technician (schedule 1 of the Animal welfaat). Brain, heart, kidney, liver,
lymph node, ear lobe, spleen and thymus were desemnd placed immediately into

the appropriate medium until further use.

2.2.2 RNA extraction

Total RNA was extracted from mouse tissue usingzbRieagent (Invitrogen,

Paisley, UK) following the manufacturer’s instrugis. Tissue samples were placed
into a tube containing an appropriate amount ofZ6R(1ml of Trizol per 50mg of
sample) and homogenised using a glass Teflon homs®ye (Wheaton; Fisher
Scientific, Loughborough, UK), and then centrifugedl2,000g for 10 minutes. The
clear supernatant was then left to stand at roonpéeature for 5 minutes. One fifth
of the sample volume of chloroform (Fisher ScieatifLoughborough, UK) was
added and high speed centrifugation of the sanmge allowed a good separation of
the pink organic phase (bottom) from the aqueowss@Hltop) containing the RNA.
The aqueous phase was transferred and resuspenidedisapropanol (Fisher
Scientific) to precipitate the RNA and washed wif ethanol (Fisher Scientific).
After drying, the pellet was resuspended in DERfated water. To ensure no
genomic DNA contamination, all RNA samples werentBiNase I-treated: RNA was
appropriately diluted using DEPC-treated water @red10x buffer (100mM Tris-HCI
(pH 7.5), 25mM MgC), 5mM CaC}) to obtain a final RNA concentration of
150pg/ml in each sample. DNase | (10 units/ml; ARgeEpsom, UK) was added to
the RNA and samples were incubated at 37°C for 30utes. Another RNA
extraction was then performed to remove any trdgaratein present in the sample.
For this RNA purification, only 500ul of TRIzol ankalf of the other reagents

previously used for the RNA extraction were used.

2.2.3 Estimation of the RNA concentration

Xul of each RNA sample were diluted into (1000-X§it DEPC-treated water
and transferred into a quartz cuvette. The opteadsity (OD) of each sample was
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then measured at 260nm using the 50 BIO UV-visggectrophotometer (Varian).
The RNA concentration was determined using thevathg formula:

RNA concentration (pg/pl) = OD (260nm) x,40
X

with X being the volume of the RNA sample useduin

2.2.4 Reverse Transcriptase Polymerase Chain Reamti (RT-

PCR)
2241 cDNA synthesis
First strand cDNA was synthesised from total RNMAgghe SuperScript first

strand synthesis system for RT-PCR (Invitrogen)lofeing manufacturer’s
instructions. 5ug of total RNA were denatured fombutes at 65°C. A mastermix
containing dNTPs, oligo(dT) primers, 10X buffer, ®g, DTT and recombinant
RNase Inhibitor RNaseOUT was added to the denaf®MA and brought to 42°C to
permit annealing, prior to add the SuperScriptdV&se Transcriptase and then left to
incubate at 42°C for 50 more minutes. At the enthefcDNA synthesis, the mixture
was incubated at 70°C for 15 minutes to inactithe enzyme. The RNA template
was finally removed by incubating the newly synteed cDNA with RNase H at
37°C for 20 minutes. cDNA was then kept in the Zexeat -20°C until further use.

2.2.4.2 Polymerase Chain Reaction (PCR)

2.2.4.2.1 Primers used in this study
The software used to design the primers used sstiidy was GeneTool Lite

version 1.0. (Biotools). This software calculates estimated melting temperature
(Tm) of each primer and gives information aboutrisk of having primer dimers and

hairpin formation. Thus, for each primer | designeny attention was focused on the
fact that Tms were similar for the two primers gbar and that no primer dimers or

secondary structure formation was predicted.

All the primers used in this thesis were synthekigairified and lyophilised
by MWG Biotech (Ebersberg, Germany), unless otheewspecified in the text.
Primers were then reconstituted inHat a final concentration of 1fM and stored in
the freezer at -20°C. Small aliquots of workingc&tavere then regularly obtained by
diluting the primer stock solution 1:5 in PCR-gratié&O.
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2.2.4.2.2 PCR specific for the open reading framd the mouse properdin gene
The reaction was performed by mixing the followneggents in a 0.5ml PCR

reaction tube: 0.2mM of each dNTPs (PCR Nucleolte Promega, Southampton,
UK), 2mM of MgCL (ABgene), the 10x reaction buffer IV (ABgene) apmiately
diluted in DEPC-treated 10, 4uM of each primer (forward and reverse MouPN
primers (see table 2-1)), 40ul/ml of template cD{¢htained in chapter 2.1.4.1) and
40U/ml of Thermoprime plus DNA polymerase (ABgeng)e final volume of each

PCR reaction was of 25ul.

The tube was then pulsed-centrifuged and placed anthermocycler (Gene
Amp PCR System 9700, PE Applied Biosystems). ThHeviang program was finally

applied to the machine:

Temperature | Time Number of '
Step Function
(°C) (sec) cycles

1 95 180 1 Initial denaturation
95 60 Denaturation

2 63 60 40 Annealing
72 150 Extension
72 300

3 1 Final extension
4 1)

The PCR products were analysed by agarose gelagdacrresis (see chapter
2.1.4.3).
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Primers Sequence Product size Reference
Forward ATG ATC ACA GAG GGA GCG CAG GC This study
HumPN 1451 bp
Reverse GGT TTG GAA GGT CAG GGG GCT CA chapter 3
Forward AGC ACC GCACAC TCACTTCA This study
HumPNsh1 451 bp
Reverse AGC CCACCACTACGTTTC TG chapter 3
Forward AAG TTG CTG CAC GCT CCT ATG This study
HumPNsh2 220 bp
Reverse CCG GAG GAT TCT TCA TAC TGG chapter 3
Forward AGC ACC GCACAC TCACTTCA This study
HumPNsh3 360 bp
Reverse CCG GAG GAT TCT TCA TAC TGG chapter 3
Forward AAG TTG CTG CAC GCT CCT ATG This study
HumPNsh4 314 bp
Reverse AGC CCACCACTACGTTTC TG chapters 2 & 3
Forward CAC CAG GGC TGC TTT TAACTC TGG TA Guo et al., 2002
HumGAPDH 148 bp
Reverse CCTTGA CGG TGC CAT GGATTT GC chapter 3
Forward ATC ACT GCC ACC CAG AAG AC Zhang and Insel, 2004
MouGAPDH 180 bp
Reverse CAC ATT GGG GGT AGG AAC AC chapter 2
Forward ATG CCT GCT GAA ATG CAAGCC CC This study
MouPN 1422 bp
Reverse GGG GGT CAG AAT GGA AGC AAG GG chapter 2
PNACL
SP6 CAT TTA GGT GAC ACT A
chapter 2 & 3
PNACL
T7 AAT ACG ACT CAC TAT AGG G
chapter 2 & 3

Table 2-1: Primers used in this study (Hum: human; Mou: moudd; properdin; sh: short fragment; SP6: SP6 RNA
polymerase promoter site; T7: T7 RNA polymerasenumter site).
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2.2.43 Agarose gel electrophoresis

A 0.8% agarose gel was made by dissolving 0.4¢gafase into 50ml of 1x
TAE (Tris-Acetate-EDTA) buffer (40mM Tris, 20mM gl&l acetic acid, 1mM
EDTA, pH 8.0) and heating it up for 1.5 minutesraiderate power in a microwave
oven. The solution was then left to cool for 5 rhinutes before to add 1.3uM of
ethidium bromide (Sigma-Aldrich, Gillingham, UK).h& mixture was immediately
poured into a casting apparatus and a comb wagedst® form the wells. The gel
was left to set for 20 more minutes at room tempegea\When the gel was set, it was

transferred to the running tank and immersed witi AE.

At this moment, DNA samples were mixed with a 6xrbophenol blue
loading dye (30% (v/v) glycerol, 70% (v/v) TAE, 963(w/v) bromophenol blue).
Samples and the 1kb DNA Ladder (Promega) were loaxied into the agarose gel
wells and electrophoresis was performed at a constaltage of 90V. The
electrophoresis was stopped when the line repiiegetite dye had migrated through
3/4 of the gel. DNA on the gel was then visualissthg a UV transluminator (UVP)
and pictured using a DC120 digital camera (Kodak).

2.2.5 Cloning
2.25.1 Gel extraction

DNA extraction from agarose gel was done using 8eglals BandPrep kit
(Amersham Biosciences, Chalfont St Giles, UK) fallog manufacturer's
instructions. Briefly, the band of interest was fnoim the agarose gel using a clean
scalpel and put into a pre-weighted reaction tuBe. appropriate volume of
solubiliser was added to this tube and it was lieafe at 60°C for few minutes to
allow a complete solubilisation of the agarose §aphaglas BP beads were then
added to the solubilised mixture and left to stéordfew more minutes to allow the
DNA to bind to the beads. The beads were then vaa3tiemes with a wash solution,
allowed to dry and finally the purified DNA was &d from the beads and stored at -

20°C until further use.

2.25.2 Estimation of the DNA concentration

The concentration of each DNA sample extracted ftoengel was estimated
by mixing 4ul of each sample with 2ul of loadingedyThese and 5ul of the

molecular weight marker SmartLadder (Eurogentedegtury, UK) were run into an
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agarose gel. As well as giving the size of the bamd ladder gave the concentration
of the DNA contained in each step of the ladderkinmit easy, by comparison, to

estimate the DNA concentration of each sample.

2253 Preparation of the competent cells

ToplOF competent cells (Invitrogen) were streaked onto a plate of LB
agar complemented with 1:100 tetracyclin (stockusoh 30ug/ml, diluted in 70%
ethanol). The plate was incubated overnight at 3D@e single colony was picked
from the plate and grown overnight in 5ml of TYMobr (2% bacto-tryptone, 0.5%
bacto-yeast extract, 0.1M NaCl) complemented wigtratyclin in a shaking
incubator at 30°C. 2.5ml of this culture were thesed to inoculate 250ml of fresh
TYM broth and was incubated approximately 3 hour87&C under agitation (until
an OD of 0.5-0.6 at 550nm was obtained). Cells Weea spun down at 900g for 30
minutes at 4°C and the pellet was resuspended8Bimal of tbf | solution (30mM
KOAc, 50mM MnC}h, 100mM KCI, 10mM CaGl 15% glycerol (v/v)) and left to
stand on ice for 30 minutes. Next, cells were spanvn at 900g for 8 minutes at 4°C
and the pellet was resuspended gently in 10ml fofl tholution (10mM Na-MOPS,
75mM CaC}, 10mM KCI, 15% glycerol (v/v)). Competent cells neefinally
aliquoted by 50, 100 or 200ul and stored in theZeg at -80°C until further use.

2254 Ligation

Ligation was performed using the PGEM-T easy vesi@tem | (Promega).
The amount of insert to add to the ligation reacti@s calculated using the following
formula:

insert size (bp)= insert (nQ)
vector size (bp)  vector (nQ)

which, in a molar ratio, means that: insert (ndirsert size (bp) x 25)
3018

The actual amount of insert used in a ligation tieacwas 3 to 4 times the
molar ratio. For the mouse properdin ORF, the insad a size of 1422bp, therefore
40ng of this insert was used for the reaction. Thus ligation reaction mixture (final
volume of 10ul) contained 25ng of the PGEM-T easgtor, 3U of the T4 DNA
ligase, 40ng of the mouse properdin ORF insert t#ed2x rapid ligation buffer
appropriately diluted in di0. To complete the ligation, the mixture was alldwe

stand at room temperature for 1 hour.
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2.255 Transformation

In preparation of this experiment, an empty unigktabe was pre-cooled on

ice and a universal tube containing LB broth wasywarmed at 37°C.

An aliquot of ToplOF competent cells (50ul) wasavtled on ice and
transferred into the pre-cooled universal tube,r@li®pl of the ligation product were
added and the cells were incubated for 15 minuteg®, followed by a 5 minutes
incubation period at 37°C. 950ul of the pre-warrh8&dbroth were added to the cell
preparation and incubated for 45 minutes at 37°@ungitation. 100ul and 200ul of
this bacterial culture were then plated onto LB ragktes complemented with
ampicillin  (100ug/ml) and the selection markers AGPromega) and IPTG
(Promega) (at a concentration of 80ug/ml and 0.5mekpectively). Plasmid-free
toplOF’ cells being ampicillin sensitive, ampicilliprevented the growth of any
contaminant on the plate. Concerning X-Gal and IPTikey were used to
discriminate the bacteria carrying an empty plastblde colonies) from the bacteria

carrying a plasmid containing an insert (white oxs).

2.25.6 Plasmid extraction

White colonies were picked up from the plate aftansformation and grown
overnight at 37°C in LB supplemented with ampiniliL00ug/ml). 1.5ml of each
culture were transferred to a reaction tube anch sfown at 12,000g for 1 minute.
The bacterial pellet was first completely resusgehohto 100ul of the ice-cold P1
buffer (50mM TrisHCI, 10mM EDTA, 50mM Glucose, 10§ml RNaseA, pH 8.0)
before that 200ul of the P2 solution (0.2M NaOH, 8BS) were added and the
mixture was left for 5 minutes on ice to permit teaial lysis. 150ul of the ice-cold
P3 buffer (60ml of 5M potassium acetate, 28ml dti@cacid, 12ml of KD, pH 4.8)
were then added to the mixture and it was left tama on ice for 5 minutes to
precipitate bacterial proteins, genomic DNA, cagabhtes and SDS. All this
unwanted material was pelleted by centrifugatiod000g for 5 minutes and the
supernatant was transferred to a new tube, wharast mixed with 2 volumes of
100% ethanol. The plasmid was finally pelleted piysing it down for 15 minutes at
12,0009, washed with 70% ethanol, air-dried andggsnded in 50ul of TE buffer
(10mM Tris-HCI pH 7.5, 1mM EDTA pH 8.0).
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2.25.7 Restriction digest

Digests were performed following manufacturer'stinstions. All restriction

enzymes used in this thesis required the same toomsli Digest mastermix (final
volume of 20ul) therefore contained 2ul of the plak (extracted as previously
described in chapter 2.1.5.6), the appropriate diffker (Promega) correctly diluted
in dH,0O, 10 to 12U of the appropriate restriction enzyPmega) and 0.1mg/ml of
acetylated BSA (Promega). The reaction was letandsat optimal temperature for 1
hour before to be loaded onto an agarose gel (sqear 2.1.4.3).

2.25.8 Sequencing
After extraction of the plasmid, the DNA concentrat was measured as

explained in chapter 2.1.5.2 and few microlitrestluf plasmid preparation were
appropriately diluted to obtain a final concentatiof 50ng plasmid/ul TE buffer.
Eight microlitres of this preparation were senPfdACL (Protein and Nucleic Acid
Chemistry Laboratory, University of Leicester) feequencing. The PGEM-T easy
vector having its insert region flanked by the T@rpoter region on one side and the
SP6 promoter region on the other side, primersifpdor T7 and for SP6 were
therefore used to sequence our insert. The analyas done using the 3730
automated sequencer (Applied Biosystem). T7 and [@f6ers were designed and
synthesised by PNACL (table 2-1).

2.2.6 Northern blot

2.26.1 Agarose gel electrophoresis

Northern blot agarose gel was prepared in two sfegg agarose (2% (v/iw))
was dissolved in DEPC-treated water by heatinghepsblution at a moderate power
in a microwave oven and poured into an RNase-feetirgy apparatus to obtain a
2mme-thick gel. This gel had just a supporting roleallowing a better handling of
the Northern blot gel. While this supporting gelssgtting, the Northern blot gel was
prepared by dissolving agarose (1% (w/v)) in DER&&ted water by heating up the
solution at a moderate power in a microwave ovdre $olution was left to cool
down for 5 to 10 minutes before adding 1/3 voluniesxo MOPS (50mM sodium
acetate, 0.22M MOPS (3-(N-Morpholino)-propanesultfoacid), 5mM acetic acid,
pH7.0), 1/3 volume of 37% formaldehyde solutiong(®a-Aldrich) and 1.3uM of
ethidium bromide (Sigma-Aldrich). This solution wdgen immediately poured on

top of the first gel in the fume hood. A comb wasarted in to form the wells and it
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was left to set for 40 minutes at room temperatWéen set, the gel was finally
transferred into a running tank and immersed wkhVIOPS containing 0.25uM of

ethidium bromide.

Fifteen micrograms of total RNA or 3ul of the 0.249kb RNA molecular
weight ladder (Invitrogen) were then mixed into R2@fi RNA sample buffer (1x
MOPS, 6.5% formaldehyde, 40% formamide) before dpei@natured for 15 minutes
at 56°C. After chilling on ice for few minutes, spies were mixed with 2ul of RNA
loading dye (10mM EDTA, 0.1% (w/v) bromophenol hl0el% (w/v) xylene cyanol,

98% formamide) and loaded into the wells of the gel

Electrophoresis was finally performed at a constattage of 35V overnight.
RNA on the gel was then visualised using a UV titamsinator (Dual intensity,
UVP)) to check the quality of the RNA and picturesing a Polaroid camera.

2.2.6.2 Northern blotting

Northern blotting was performed by standard capilteansfer as follows. An
RNase-free glass tray was filled with 20x SSC (3&ION 0.3M Tri-Sodium Citrate,
pH 7.0). A glass plate covered with several sheétdmm Whatman paper was

placed on top of the tray and each extremity ofWieatman paper was dipped into
the 20x SSC solution (3M Sodium chloride, 0.3M sadlicitrate, pH 7.0) to allow a
constant hydration of the paper. The Northern it (without its supporting gel)
was placed on top of the Whatman papers and waser@dvitself by a nylon
membrane (Hybond-N, Amersham Biosciences). Theasarbf the membrane was
then wetted with 20x SSC and covered by 5 shee@latman paper, 4cm of paper
towels and some weights were placed on top to alloer RNA to transfer by
capillarity from the gel to the membrane.

The next day, the nylon membrane was inserted legtwie/o sheets of
Whatman paper and placed into an oven at 80°C fau2s to allow the RNA to fix

to the membrane.

2.2.6.3 Molecular weight ladder staining

The part of the membrane containing the molecuksight ladder was cut off
and stained in the RNA ladder stain solution (0.0@8v) methylene blue, 0.3M
sodium acetate, pH 5.3) for 5 minutes, before bemged three times in ¢B. This
strip was then dried at room temperature and wasd &3 estimate the size of the

37



Properdin expression in mouse organs

products obtained after exposure of the hybridisgdn membrane with an X-ray

film.

2.2.6.4 Labelling of the probes
This work was done after registering as an isotyper and following an

appropriate training to work with radioactivity. @mouse DNA coding for the
mouse properdin ORF previously synthesised (septeh@.2.1.1) was radioactively
labelled using the random primed DNA labelling (&oche, Lewes, UK) following
manufacturer’s instructions. Briefly, 100ng of tlBNA was denatured at 95°C for
10 minutes and then mixed with hexanucleotide psmdTTP, dATP, dGTP?P
dCTP and Klenow enzyme and incubated for 1 ho®7a€C to induce the synthesis
of the complementary strand. A Biogel P4 Polyaecnytie gel column (Bio-Rad,
Hemel Hempstead, UK) was then equilibrated withilésyating buffer (0.1x SSC,
0.1% SDS) and the probe was purified by gel-filtnatthrough this column to

eliminate unincorporatetfP dCTP.

2.2.6.5 Hybridisation
The nylon membrane was pre-hybridised for 1 hou5&fC in 10ml of

QuikHyb hybridization solution (Stratagene, CamedUK). The radioactive probe
was then heated up at 95°C for 10 minutes beforagbdiluted into 10ml of
hybridisation solution. The nylon membrane was bbatad in this solution overnight
at 56°C. The next day, the membrane was washee tiwrc5 minutes in solution 1
(2x SSC) at room temperature and twice for 10 nesurh solution 2 (2x SSC, 0.1%
(w/v) SDS) at 68°C. After the second wash, theaadlive background level of the
membrane was checked using a Geiger counter. Tiebraee was then washed
twice for 20 minutes in solution 3 (0.5x SSC, 0.8WS) at 68°C, allowed to dry at
room temperature for 10 minutes before being wrdppeSafran film and finally
exposed in a cassette to an X-ray film at -80°C3fao 5 days. The film was finally
developed manually by soaking the X-ray film intaceessively a developing
solution (Agfa-Gevaert, Brentford, UK) until the pgarance of dark bands and a

rapid fixer solution (Agfa-Gevaert), and by rinsih@bundantly under tap water.

All the radioactive work was performed in a desigdaarea and protective
shields were used. The work place was monitoreguéntly with a Geiger counter
and all the material used during these experimgatsdiscarded as instructed.
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2.2.7 Immunohistochemistry

2271 Embedding
After explantation, properdin-deficient and wildpgy mouse spleens were

snap-frozen in liquid nitrogen and stored at -8@f@il further use. They were then
embedded in Tissue-Tek OCT compound (Sakura; Baygnostics, Newbury, UK)
and cut into 7um-thick sections using a cryostakK®000, Bright). Sections were
picked up on a microscope slide (Histobond, RaymaAndamb, Eastbourne, UK)

and slides were stored in a slide box at -80°d éuntiher use.

2.2.7.2 Immunostaining

Seven micrometres-thick cryostat sections weredg@d for 30 minutes at
room temperature before being fixed in methanollf@minutes. Sections were then
rinsed under running water and in TBS (0.15M N&hM KCI, 20mM Tris Base,
pH 7.5) for 10 minutes, treated with 0.3%04-TBS for 10 minutes and rinsed again
under running water and in TBS for 10 minutes e&dter being blocked for 2 hours
in 5% BSA-TBS and in Seroblock (Serotec, Kidlingtda$K) diluted 1:100 in 1%
BSA-TBS for 15 minutes in a humidification chambtre slides were incubated at
room temperature with the appropriate antibodytddun 1% BSA-TBS (see table 2-
2). After three washings in TBS, sections were nedirusing the Vectashield hard
set mounting medium with DAPI (Vector Laboratorid3eterborough, UK) and
covered with a coverslip. Slides were then obseruader an inverted TE300
fluorescence microscope (Nikon). FITC signals weisalised using the Chroma
S484/15x excitation filter, TRITC signals using tBeroma S555/25x excitation filter
and DAPI signals using the Chroma S395/10x exomafilter. Pictures were finally
taken with a digital camera and analysed using @menlab 4.03 software

(Improvision).

2.2.7.3 Pre-absorption of the properdin antibody

To prove the specificity of the polyclonal antibatdymouse properdin, 10ug
of the FITC-conjugated goat anti-human properditibady (Nordic Immunology;
Tebu-Bio, Peterborough, UK) was pre-incubated wither 50ul of TBS, or 50ul of
TBS containing 25ug of ultra-pure properdin antig€@ortex Biochem; Europa
Bioproducts, Ely, UK) for 2 hours at 37°C. The tabeere then centrifuged at
12,000g for 15 minutes at 4°C and 40ul of each mgent were removed. The
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pellets were resuspended in 40ul of 1% BSA-TBShHaxture was then applied on

mouse sections as described in the previous chapter

Target Antibody used Dilution Time
FITC-conjugated goat anti-human properdin antib@dyrdic
Properdin 9 J prop 1:75 2 hours
Immunology)
Tingible body ) )
Rat anti-mouse CD68 antibody (Serotec) 1:75 2 hours
macrophages

Follicular Rat anti-mouse FDC-M1 antibody (BD Pharmingen, @xfo
dendritic cells UK)

1:40 2 hours

B cells Rat anti-mouse CD45R/B220 antibody (BD Rtiagen) 1:50 2 hour

Uy

FITC-labelled anti-rat IgG (Abcam; Cambridge, UK) 1:400 1 hour

Secondary .
o TRITC-labelled donkey anti-rat IgG (Jackson 1:200 1 hour
antibodies S
Immunoresearch; Stratech Scientific, Soham, UK)
Doubl 1- Cell-marker specific antibody See above 2 hours
ouble
) 2- TRITC-labelled anti-lgG 1:200 1 hour
labelling

3- FITC-conjugated goat anti-human properdin armtjbo 1:75 1 hour

Table 2-2: Antibodies and conditions used for immunofluoreseestudies.

2.2.8 Whole blood platelets flow cytometry

This work was done in Glenfield General Hospitakhe laboratory of Prof.

Alison Goodall (University of Leicester) under thigpervision of Dr. Chris Jones.

The FITC-labelled mouse anti-human properdin ayposed in this study
was obtained using the Zenon Fluorescein mouse IgBéling kit (Invitrogen)
following manufacturer’s instructions. Briefly, foeach sample, 5ul of Zenon
Fluorescein mouse IgG1 labeling reagent was inegb&dr 5 minutes with 1pg of
mouse anti-human properdin antibody HYBO06 (Antib&hop, Gentofte, Denmark)
at room temperature in the dark. Five microlitréshe Zenon blocking reagent was
then added to the mixture and left to stand indhg&k at room temperature for an

additional 5 minutes.

Flow cytometric analysis of whole blood plateletsaswperformed as
previously described (Goodall and Appleby, 2004)iety, 1ug of FITC-labelled
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mouse anti-human properdin antibody or of its igetgontrol (Mouse Ig&MOPC

21 FITC-conjugated (Sigma-Aldrich)) was put inttuae containing 50ul of HEPES
Buffered Saline (HBS) (150mM NaCl, 5mM KCI, 1mM M@ 7H,O, 10mM

HEPES free salt) supplemented with 2mM GagGlI5U hirudin (Sigma-Aldrich) and
the appropriate concentration of agonist (ADP (Adem Tri Phosphate; Sigma-
Aldrich): 0.01mM; TRAP (Thrombin Receptor ActivatidProtein; Sigma-Aldrich):

0.1mM; CRP (Collagen Related Protein; Sigma-Aldrichug/ml). 5ul of human
blood freshly collected from a superficial arm veah a healthy volunteer using
Vacutainers with sodium citrate (Becton Dickins@xford, UK) were then added to
the preparation using a Barky pipette, gently mixaed left to stand at room
temperature in the dark for 20 minutes. Sample®wen diluted and fixed in 500ul
of 0.2% formyl saline (37% formaldehyde solution8® (w/v) NaCl) for an

additional 10 minutes. A further 1:10 dilution aiah sample in 0.2% formyl saline
was finally performed and the data were directlguaed by the Coulter Epics XL-
MCL flow cytometer (Beckman Coulter, High WycomhdK) and analysed using

the System II, version 3.0 software (Beckman Collte
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2.3 Results

In this chapter, the expression of properdin waessed at a transcriptional

and at a translational level in different mouseaosy

2.3.1 At a transcriptional level

23.1.1 Cloning of mouse properdin ORF from mousepteen cDNA

RNA was extracted from mouse spleen as explainethapter 2.1.2 and this
RNA was used as a template to synthesise singéddd cDNA (see chapter
2.1.4.1). PCR was then performed using this freshihthesised cDNA and a pair of
primers specific for the mouse properdin gene asrd®ed in chapter 2.1.4.2.2. These
primers called “MouPN” were designed to obtain é&RRg?oduct that included the all
open reading frame of the mouse properdin gende(&i). Mouse properdin ORF
has a length of 1395bp and the PCR product obtausilg these primers was
expected to be 1422bp long.

As shown on figure 2-1, a PCR product with the expe size of 1422bp was
visualised on the agarose gel. In order to confin@a identity of this product, a
consequent amount of DNA from the band of interess needed. Six other PCRs
using exactly the same conditions as previouslyewherefore performed and the
PCR reactions were run into an agarose gel. The pG8ucts obtained at 1422bp
were all excised from the gel, pooled together, ti@dDNA was extracted from the
gel using the Sephaglas BandPrep kit (see chagles.?). The DNA concentration
of the 1422bp fragment extracted was measured ¢hapter 2.1.5.2) and this
fragment was cloned into a PGEM-T easy vector (gah as described in chapter
2.1.5.4. The plasmid obtained was used to transfbom 10F’ competent cells (see
chapter 2.1.5.5) and the transformed bacteria vpaéed onto LB agar plates
supplemented with ampicillin, X-Gal and IPTG. Sikite single colonies were then
selected (the white colour of the colonies meatiege cells had a fragment inserted
in the insert region of the vector), picked up indiwally and grown overnight before
to be submitted to a plasmid extraction (see chdpte5.6). The plasmids obtained
were screened by restriction digest usiigoRlI (see chapter 2.1.5.7), as
bioinformatics analyses using Gene Tool Lite 1.fiveare showed that the PGEM-T
easy vector possessed two restriction site€foRI, while the properdin insert had
none. The PGEM-T easy vector was cut twice forttedl samples tested following
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EcoRlI digest, as seen with the 3000bp band observetth@gel for the six samples
corresponding to the size of the linearised vefigure 2-2). In lane 2, an extra band
with the expected size of the properdin fragmeng wigualised too, suggesting the
fragment was successfully inserted into the pladonidhis sample. This plasmid was
sent for sequencing to PNACL (see chapter 2.1.@m8)onfirm the identity of its
insert. This work was done using primers specitic both the T7 and the SP6
promoter regions that flanked the insert regiontred PGEM-T easy vector. The
sequence obtained using the T7 promoter primerttamdomplementary sequence of
the one obtained using the SP6 promoter primer wee aligned with the known
sequence of the Mus musculus complement factor epdap mMRNA (EMBL
accession number: NM_008823) using the multi-akgiitor function of the Gene
Tool Lite 1.0 software (figure 2-3). The sequend@amed using the T7 promoter
primer showed 97% identity with the mouse properdane, whereas the one
obtained using the SP6 promoter primer showed 9@eémtity with the mouse
properdin gene. It is worth mentioning that the masches and gaps observed
between the sequence of the insert and the sequdrtbe mouse properdin gene
were mainly seen after the first 500bp sequenderipest quality sequence with this
technique being usually observed between 50bp &@tbb after the end of the
sequencing primer (PNACL DNA sequencing serviceis@eal communication).
These results taken together therefore showedhbagiroduct previously obtained by

RT-PCR using spleen cDNA was indeed properdin.
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Figure 2-1: Representation of the PCR product obtained usingsmapleen cDNA
and the MouPN primers pair after migration into.8% agarose gel. L: benchtop 1kb

DNA ladder (Promega).

Figure 2-2: Representation of the products obtained aftericéisin digest byEcoRI
of the plasmids extracted from ToplOF' cells transfed with the PCR product
obtained using mouse spleen cDNA and the MouPNe&yampair. L: benchtop 1kb
DNA ladder (Promega). 1, 2, 3, 4, 5 and 6: thed#fiberent plasmid preparations.
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A

Consensus ATGCAAGCCC CTCAGTGGCT CCTGCTGCTA CTGGTTATCC TGCCAGCCAC AGGCTCAGAC
Properdin ATGCAAGCCC CTCAGTGGCT CCTGCTGCTA CTGGTTATCC TGCCAGCCAC AGGCTCAGAC 142
Insert T7 ATGCAAGCCC CTCAGTGGCT CCTGCTGCTA CTGGTTATCC TGCCAGCCAC AGGCTCAGAC 60

Consensus CCTGTGCTCT GCTTCACCCA GTATGAGGAG TCCTCTGGCA GGTGCAAAGG CCTACTTGGG
Properdin CCTGTGCTCT GCTTCACCCA GTATGAGGAG TCCTCTGGCA GGTGCAAAGG CCTACTTGGG 202
Insert T7 CCTGTGCTCT GCTTCACCCA GTATGAGGAG TCCTCTGGCA GGTGCAAAGG CCTACTTGGG 120

Consensus AGAGACATCA GGGTAGAAGA CTGCTGTCTC AACGCTGCCT ATGCCTTCCA GGAGCATGAT
Properdin AGAGACATCA GGGTAGAAGA CTGCTGTCTC AACGCTGCCT ATGCCTTCCA GGAGCATGAT 262
Insert T7 AGAGACATCA GGGTAGAAGA CTGCTGTCTC AACGCTGCCT ATGCCTTCCA GGAGCATGAT 180

Consensus GGTGGCCTCT GTCAGGCATG CAGGTCTCCA CAATGGTCAG CATGGTCCTT ATGGGGGCCC
Properdin GGTGGCCTCT GTCAGGCATG CAGGTCTCCA CAATGGTCAG CATGGTCCTT ATGGGGGCCC 322
Insert T7 GGTGGCCTCT GTCAGGCATG CAGGTCTCCA CAATGGTCAG CATGGTCCTT ATGGGGGCCC 240

Consensus TGCTCAGTTA CATGTTCTGA GGGGTCCCAG CTGCGACACA GGCGCTGTGT GGGCAGAGGT
Properdin TGCTCAGTTA CATGTTCTGA GGGGTCCCAG CTGCGACACA GGCGCTGTGT GGGCAGAGGT 382
Insert T7 TGCTCAGTTA CATGTTCTGA GGGGTCCCAG CTGCGACACA GGCGCTGTGT GGGCAGAGGT 300

Consensus GGTCAGTGCT CTGAGAATGT GGCTCCTGGA ACTCTTGAGT GGCAGCTACA GGCCTGTGAG
Properdin GGTCAGTGCT CTGAGAATGT GGCTCCTGGA ACTCTTGAGT GGCAGCTACA GGCCTGTGAG 442
Insert T7 GGTCAGTGCT CTGAGAATGT GGCTCCTGGA ACTCTTGAGT GGCAGCTACA GGCCTGTGAG 360

Consensus GACCAGCCAT GCTGTCCAGA GATGGGTGGC TGGTCTGAGT GGGGAC-CTG GGGGCCTTGC
Properdin GACCAGCCAT GCTGTCCAGA GATGGGTGGC TGGTCTGAGT GGGGACCCTG GGGGCCTTGC 502
Insert T7 GACCAGCCAT GCTGTCCAGA GATGGGTGGC TGGTCTGAGT GGGGACTCTG GGGGCCTTGC 420

Consensus TCTGTCACAT GCTCCAAAGG AACCCAGATC CGTCAACGAG TATGTGATAA TCCTGCTCCT
Properdin TCTGTCACAT GCTCCAAAGG AACCCAGATC CGTCAACGAG TATGTGATAA TCCTGCTCCT 562
Insert T7 TCTGTCACAT GCTCCAAAGG AACCCAGATC CGTCAACGAG TATGTGATAA TCCTGCTCCT 480

Consensus AAGTGTGGGG GCCACTGCCC AGGAGAGGCC CAGCAATCAC AGGCCTGTGA CACCCAGAAG
Properdin AAGTGTGGGG GCCACTGCCC AGGAGAGGCC CAGCAATCAC AGGCCTGTGA CACCCAGAAG 622
Insert T7 AAGTGTGGGG GCCACTGCCC AGGAGAGGCC CAGCAATCAC AGGCCTGTGA CACCCAGAAG 540

Consensus ACCTGCCCCA CACATGGGGC CTGGGCATCC TGGGGCCCCT GGAGCCCCTG CTCAGGATCC
Properdin ACCTGCCCCA CACATGGGGC CTGGGCATCC TGGGGCCCCT GGAGCCCCTG CTCAGGATCC 682
Insert T7 ACCTGCCCCA CACATGGGGC CTGGGCATCC TGGGGCCCCT GGAGCCCCTG CTCAGGATCC 600

Consensus TGCCTTGGTG GTGCTCAAGA ACCTAAGGAG AC-CGAAGCC GCTCATGTTC TGCACCAGCA
Properdin TGCCTTGGTG GTGCTCAAGA ACCTAAGGAG ACACGAAGCC GCTCATGTTC TGCACCAGCA 742
Insert T7 TGCCTTGGTG GTGCTCAAGA ACCTAAGGAG ACTCGAAGCC GCTCATGTTC TGCACCAGCA 660

Consensus -CTTCACACC AGCC-CCTGG GAAACCCTGC TCAGGACCAG CCTATGAGCA TAAGGCCTGC
Properdin CCTTCACACC AGCCCCCTGG GAAACCCTGC TCAGGACCAG CCTATGAGCA TAAGGCCTGC 802
Insert T7 TCTTCACACC AGCCTCCTGG GAAACCCTGC TCAGGACCAG CCTATGAGCA TAAGGCCTGC 720

Consensus AGTGGCCTAC CACCTTGCCC A-TGGCTGGT GGCTGGGGG- CCATGGAGCC CTTTGAGCC-
Properdin AGTGGCCTAC CACCTTGCCC AGTGGCTGGT GGCTGGGGG- CCATGGAGCC CTTTGAGCCC 861
Insert T7 AGTGGCCTAC CACCTTGCCC ACTGGCTGGT GGCTGGGGG! CCATGGAGCC CTTTGAGCCT 780

Consensus CTGCTCTGTG ACTTGTG-CC TG-GCC-GAC CCTAGAGC-A C-GGACATGT GATCACCCTG
Properdin CTGCTCTGTG ACTTGTGGCC TGGGCCAGAC CCTAGAGCAA C-GGACATGT GATCACCCTG 920
Insert T7 CTGCTCTGTG ACTTGTGCCC TGCGCCCGAC CCTAGAGCCA CLGGACATGT GATCACCCTG 840
Consensus CACCC-GTCA TGGGGG-CCC CTTT-G-GCT GGTGATGC-- -TCGGAACC- A-TGTGTAAC
Properdin CACCCCGTCA TGGGGG-CCC CTTTTGTGCT GGTGATGCCA CTCGGAACCA AATGTGTAAC 979
Insert T7 CACCC-GTCA TGGGGGHCCC CTTTGGGGCT GGTGATGCTC TTCGGAACCC A-TGTGTAAC 889

Consensus AA-GCCGTA- CTTGCC-TG- AAACG-G-A- TGG-A-GC-T -GG--AAATG -AG-G-CTGC
Properdin AAAGCCGTAC CTTGCCCTGT AAACGGGGAG TGGGAGGCCT GGGGAAAATG GAGTGACTGC 1039
Insert T7 AA-GCCGTAT CTTGCCTTGC AAACGTGAAT TGGTACGCTT CGGCCAAATG TAGCG-CTGC 957

Consensus --CC-GCT-- --ATG-TC-- TC-- TGTG- AGGA

Properdin AGCCGGCTGA GAATG-TCCA TCAACTGTGA AGGA 1072
Insert T7 CCCCCGCTTT ATATGCTCTT TCT--TGTGT AGGA 989
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B

Consensus  CCCCCAGTCT TACCTTCGTT CCCTAAAATC CCAAAGAAGA GAAGACCCAG AAACGTCTGT
Properdin CCCCCAGTCT TACCTTCGTT CCCTAAAATC CCAAAGAAGA GAAGACCCAG AAACGTCTGT 1432
Insert SP6 CCCCCAGTCT TACCTTCGTT CCCTAAAATC CCAAAGAAGA GAAGACCCAG AAACGTCTGT 60

Consensus  CCGTGTACAT CTGTACTGGC AAAGAGAAGG TGGTGGTCGA AGACGGGGAC ATCGCGAAGT
Properdin CCGTGTACAT CTGTACTGGC AAAGAGAAGG TGGTGGTCGA AGACGGGGAC ATCGCGAAGT 1372
Insert SP6 CCGTGTACAT CTGTACTGGC AAAGAGAAGG TGGTGGTCGA AGACGGGGAC ATCGCGAAGT 120

Consensus  GTGTCACCGG CACCTCAGGG GGTCTTCCAT TGTAAGAAGA GTGGGACTGG AAGTTGGTAA
Properdin GTGTCACCGG CACCTCAGGG GGTCTTCCAT TGTAAGAAGA GTGGGACTGG AAGTTGGTAA 1312
Insert SP6 GTGTCACCGG CACCTCAGGG GGTCTTCCAT TGTAAGAAGA GTGGGACTGG AAGTTGGTAA 180

Consensus  CTTTGACATC CGCCCATGAA CCCCTCGTTT CCACACGTCT CCGCGACCGC CTGTGCCCAC
Properdin CTTTGACATC CGCCCATGAA CCCCTCGTTT CCACACGTCT CCGCGACCGC CTGTGCCCAC 1252
Insert SP6 CTTTGACATC CGCCCATGAA CCCCTCGTTT CCACACGTCT CCGCGACCGC CTGTGCCCAC 240

Consensus  CGCAACCCTG ATGTACCACC ACACGTGTCT G-GGTCCATG AGGTGACACT GGTACTTGGA
Properdin CGCAACCCTG ATGTACCACC ACACGTGTCT GAGGTCCATG AGGTGACACT GGTACTTGGA 1192
Insert SP6 CGCAACCCTG ATGTACCACC ACACGTGTCT GGGGTCCATG AGGTGACACT GGTACTTGGA 300

Consensus AAGTACTATG TCAATACCTA CAATATCGTC ACAGCTTATA GGACCTCAAA AGGTCGTGTA
Properdin AAGTACTATG TCAATACCTA CAATATCGTC ACAGCTTATA GGACCTCAAA AGGTCGTGTA 1132
Insert SP6 AAGTACTATG TCAATACCTA CAATATCGTC ACAGCTTATA GGACCTCAAA AGGTCGTGTA 360

Consensus  CCGAAGGGTA ATTTAAACGC CGGCGGTGTC GAGGAACTTG CACTGACGAC CGGACCCCAA
Properdin CCGAAGGGTA ATTTAAACGC CGGCGGTGTC GAGGAACTTG CACTGACGAC CGGACCCCAA 1072
Insert SP6 CCGAAGGGTA ATTTAAACGC CGGCGGTGTC GAGGAACTTG CACTGACGAC CGGACCCCAA 400

Consensus  GGAAGTGTCA ACTACCTGTA AGA-TCGGCC GACG-CAG-G AGGTAAAAGG GGTCCGGAGG
Properdin GGAAGTGTCA ACTACCTGTA AGAGTCGGCC GACGTCAGTG AGGTAAAAGG GGTCCGGAGG 1012
Insert SP6 GGAAGTGTCA ACTACCTGTA AGAATCGGCC GACGGCAGGG AGGTAAAAGG GGTCCGGAGG 480

Consensus  GTGAGGGGCA AATG--CCGT TCCATGCCGA A----- G-GT AAACCA-GGC TCACCGTAGT
Properdin GTGAGGGGCA AATGTCCCGT TCCATGCCGA AACAATGTGT AAACCAAGGC TCACCGTAGT 952
Insert SP6 GTGAGGGGCA AATGGGCCGT TCCATGCCGA AGGGGGG-GT AAACCAGGGC TCACCGTAGT 540

Consensus G GT-GTG-T TT-CCCGGGG G-ACTG
Properdin G-GTCGTGTT TTCCCCGGGG GTACTG 927
Insert SP6 GAGTGGTGGT TTGCCCGGGG GGACTG 566

Figure 2-3: Comparison of the sequence of the cloned insarte(I3) sequenced
using a primer annealing to the T7 promoter sit¢ #Ad of the complementary
sequence of the cloned insert sequenced using naeprannealing to the SP6
promoter site (B) with the sequence of the mousmptement factor properdin
MRNA (EMBL accession number: NM_008823) (lane 2)eTconsensus sequence
(lane 1) was constructed from the alignment ofriference sequence (lane 2) with
the sequence of the cloned insert (lane 3) usiagrtlti-align editor function of the
Gene Tool Lite 1.0 software. Identities betweenhbsetquences are represented in
black, mismatches in red and gap in green. Laneofisensus sequence, lane 2:
properdin sequence, lane 3: cloned insert sequekxicddenine, C: Cytosine, G:
Guanine, T: Thymine.
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2.3.1.2 Screening of mouse RNAS

Next, the expression of properdin by different mariorgans (brain, gut,
heart, kidney, liver, lung, spleen and thymus) assessed by Northern blot analysis
using three sets of mouse RNAs available in therktbry that were labelled
“normal”, “LPS-treated” and “eye infected”. The “BRtreated” mouse was from a
SJL background and had been infected intra-petiyondth 100ng of LPS per gram
of body weight (gift of Dr Michael Bette, Univergiof Marburg, Marburg, Germany)
(Yirmiya et al., 2001). No further information wasailable concerning the time-
point the animal was culled. The organs from therfimal” and “eye infected” mice
were a kind gift from Dr Neill Gingles (Universityf Leicester). Unfortunately, no
further information about the strain of these mase well as on what caused the
infection in the eye of the “eye infected” mousesvewailable. RNAs were prepared
from these organs by guanidinium thiocyanate/caesahloride gradient by Dr
Cordula Stover and were stored in a freezer alG&0ftil further use. At the time of
the experiment, these RNA samples seemed suitabievéstigate a potential up-
regulation of properdin expression. These RNAs wiherefore first run into a
denatured RNA agarose gel (figure 2-4) (see chapte6.1) and transferred to a
nylon membrane (see chapter 2.1.6.2). The expresgiproperdin by each of these
organs was assessed by Northern blotting usingliaaetive-labelled probe specific
for mouse properdin (see chapter 2.1.6.5). Thibgmas synthesised using the DNA
coding for the mouse properdin ORF obtained preshousing spleen RNA and the
MouPN primers (see chapters 2.1.6.4 and 2.2.1.1).

A representation of an X-Ray film obtained aftepesure of the membrane
with a sensitive film is shown in figure 2-5. Degpthe multiple washes and the use
of different times of exposure, a high backgrouedel was observed on the X-ray
film. However, despite this high background, pesitsignals could still be identified
on the film. Thus, for each mouse, a band of theeeted size of approximately
1500bp was observed for the lane correspondingespleen sample (lanes 3, 8 and
18). The properdin signal was seen to be more setdor the “LPS-treated” mouse
spleen RNA than for the “eye-infected” mouse spIB&A. An extra band could be
detected as well for the RNA extracted from therthg of the eye-infected mouse
(lane 14). No signal was detected for any of tHeeloRNA samples extracted from

the three mice.
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Properdin signals being detected by Northern biobnly the two lymphoid
organs of the three sets of organs tested, theessipn of properdin by this particular
type of organ was further assessed. Therefore, RM&Ze extracted from the lymph
nodes, the spleen and the thymus of a non-challei@€/Bl/6 mouse and these
RNAs were used as templates to synthesise singled&d cDNAs. A PCR was then
performed as previously described using the “MouRiXimers pair (see chapter
2.1.4.2.2) and the PCR reaction products weremtmd 0.8% agarose gel. As shown
on figure 2-6, a band with the expected size of itin@use properdin ORF was
visualised when using both the spleen (lane 2)thedhymus (lane 3) cDNASs, but no
product was observed for the lymph node cDNA (lapheThe intensity of this band
seemed much higher for the spleen than for the tyinut as no internal control was
run in parallel to ensure the same quantity of RM#s used in both cases, this was

not a quantitative analysis.

The level of properdin expression was thereforet mgrantified using real-
time PCR. Mouse spleen, thymus, lymph node andnbc&NAs were used as
template and amplified using a pair of primers gmetor human properdin called
HumPNsh4 and a pair of primers specific for the sgohousekeeping gene GAPDH
called MouGAPDH (table 2-1). Both pairs of primevere tested by RT-PCR to
ensure they gave a single product of the expedted(see chapter 3.3.3.1.1) and to
ensure HUmPNsh4 reacted with mouse cDNA. Real-ff@®R was performed as
described in chapter 3.2.6 and the relative comagoihs obtained for properdin were
finally divided by the relative concentrations abtd for GAPDH (table 2-3). The
variabilities in GAPDH expression observed betwdsn different lymphoid tissues
could be explained by a slightly different concatibn of RNA at the beginning of
the experiment or by a moreorless efficient cDNAntegsis. Moreover, data
published on the GeoProfile website showed thattimaus expressed slightly more
GAPDH than the spleen or the lymph node and treatldhel of GAPDH expression
was higher in the brain than in any of the lymphmigans.

The results, expressed as a percentage of propexgiression (table 2-3),
confirmed the previous impression: they showed that spleen expressed more
properdin mRNA than the lymph node (6.5 times mortself expressing more
properdin mRNA than the thymus (1.7 times more)edy low signal was detected

in the brain sample (almost 300 times lower thanttanscript level detected for the
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spleen). However, the brain and, at a lower extéetthymus results may have been
affected by the variablities previously reportediveen the different GAPDH

expression levels.

Two other RNA samples called “brain infected” argpléen infected” were
run in parallel. These RNA were extracted from a/BIB “gold line” mouse 24
hours after intranasal infection with 5°1% pneumoniae D39 (see chapter 4.2.3.1). In
both cases, more than twice more properdin wasbetén the organs extracted from
the infected mouse than in the organs taken frerhatlthy littermate (table 2-3).
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« Normal » « LPS-treated » « Eye-infected »
mouse mouse mouse

23 4 "5 Lo T LT LS 141516 1718 |

Figure 2-4: Picture of the Northern blot agarose gel takereut light.

Lane 1: RNA ladder. A: “normal” mouse - Lane 2: HeRNA, lane 3: spleen RNA,
lane 4: kidney RNA, lane 5: liver RNA, lane 6: r&NA; B: “LPS-treated” mouse -
Lane 7: heart RNA, lane 8: spleen RNA, lane 9: &dRNA, lane 10: liver RNA,
lane 11: brain RNA; C: “eye-infected” mouse - Laltiz brain RNA, lane 13: lung
RNA, lane 14: thymus RNA, lane 15: heart RNA, ldite gut RNA, lane 17: kidney
RNA and lane 18: spleen RNA.
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« Normal » « LPS-treated » « Eye-infected »
mouse mouse mouse

L Ge10 1 12 13 14 15816" 1747

1400bp

Figure 2-5: Northern blot analysis on different mouse tissugisgia radiolabelled

probe specific for mouse properdin. A: “normal” meu Lane 2: heart RNA, lane 3:
spleen RNA, lane 4: kidney RNA, lane 5: liver RNAne 6: brain RNA; B: “LPS-

treated” mouse - Lane 7: heart RNA, lane 8: spRBA, lane 9: kidney RNA, lane
10: liver RNA, lane 11: brain RNA; C: “eye-infecteshouse - Lane 12: brain RNA,
lane 13: lung RNA, lane 14: thymus RNA, lane 15arhd&kNA, lane 16: gut RNA,

lane 17: kidney RNA and lane 18: spleen RNA. Regimegtive results obtained from
one of two experiments (using the same RNAS).
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1500 bp

RS

-

Figure 2-6: Representation of the RT-PCR products obtainedgudifferent mouse
lymphoid organs and the MouPN primer pair afternatign into a 0.8% agarose gel.
L: benchtop 1kb DNA ladder (Promega). Lane 1: udymgph node cDNA, lane 2:

using spleen cDNA, lane 3: using thymus cDNA. THe¢AR for the thymus and the
lymph node were a pool from organs obtained from tiovthree mice.

Spleen | Spleen | Brain Brain Lymph
Organ control | Infected | Control | Infected| node Thymus
Croosiﬁ'tng 36.95 | 3548 | 26.22| 2601 38.08  30.60
GAPDH RZIative
concentratio] 3.5 528.1 592.5 0.9 495
CrossiNg | o543 | 2295| 2521| 2356 2938  23.76
: point
Properdin Relative
concentratio] 2 33.6 8.3 22.9 0.6 20.4
Properdin expression 100 210 0.34 0.85 I 5

Table 2-3: Relative properdin expression of different mousgans obtained after
real-time PCR analysis. These results corresponthg¢oquotient of the properdin
concentration by the GAPDH concentration and aneressed in percentage. The
“spleen control” sample was given the arbitraryueabf 100. Results obtained from a

single experiment.
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2.3.2 At a translational level

In order to correlate the transcriptional levelprbperdin expression to its
translational level of expression, the distributioh properdin on spleen sections
issued from wild type and properdin-deficient misas analysed using a FITC-

labelled anti-properdin antibody.

2321 Specificity of the antibody

The FITC-labelled goat anti-human properdin antipaded in this study has
been shown to specifically bind to human propefgynimmunohistochemistry on
human tissue sections of atherosclerotic coronasjohs (Oksjoki et al., 2006).
However, this antibody was used in my study to deteouse properdin on mouse
tissue sections. To test its specificity, this laodly was first pre-absorbed with
properdin antigen prior to be applied on mouseepkections (see chapter 2.1.7.3).
As seen on figure 2-7, the positive signal obsemvét the FITC-labelled antibody
on spleen sections obtained from wild type animas lost when this antibody was
pre-absorbed with its antigen. However, this teghai may not be sufficient to
confirm the specificity of the signal for mouse peodin as the non-absorbed
antibody could have bound to another protein witkimailar epitope present on the
tissue (Burry, 2000).

A negative control was therefore used to provespexificity of the properdin
antibody to mouse properdin. Sections of both pdipedeficient and wild type
mouse spleens were stained with the anti-humanepdop antibody and, whereas
signals could be visualised on the wild type splsections, only background signal
was detected on the properdin-deficient spleenaec(figure 2-8). The absence of
signal on properdin-deficient mouse spleen tissae most likely due to the absence
of expression of the properdin protein and theee&irowed that this goat anti-human

properdin antibody stained specifically properdmfmzen mouse spleen section.

2.3.2.2 Properdin expression in spleen

As seen on figure 2-9A, immunofluorescent signatsresponding to
properdin were only observed inside the white prdmpartment of the wild type
mouse spleen. No signal was detected in the spledipulp area. Positive signals for
properdin were mainly observed as one cluster @bgndin positive signals in nearly
every white pulp compartment of the mouse splegurg 2-9B); however, some

white pulp compartments showed sometimes none @ctusters of positive cells. At
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a higher magnification, properdin signals were seerbe localised in a specific

location of the white pulp with a low cell densigs shown by the DAPI staining of
this zone (representing cell nuclei, DAPI formimgofescent complexes when bound
to double-stranded DNA) (figures 2-9C and 2-9D).

In an attempt to identify the properdin positivdl pepulation, spleen sections
were stained with markers specific for particulab-sypes of cells. First, spleen
sections were stained with a rat anti-mouse CD@®aaty and positive signals were
visualised using a FITC-labelled anti-rat IgG aatlp (see chapter 2.1.7.2). As seen
on figure 2-10A, CD68-positive signals were seebath the red and the white pulp
area of the spleen: strong signals were obserlenval the red pulp compartment,
whereas inside the white pulp, only few clusterpaditive cells were visible in each
compartment. This pattern in the white pulp waslsinto the one observed using the
anti-properdin antibody. To investigate whether 8i@sitive cells in the white pulp
area of the spleen were positive as well for prdiperspleen sections were then
stained simultaneously with both the FITC-labellgdat anti-human properdin
antibody and the rat anti-mouse CD68 antibody @B&8 signal was then visualised
using a TRITC-labelled anti-rat IgG antibody) (sbapter 2.1.7.2). As seen on figure
2-9B, despite the fact that properdin-positivealkere situated in the close vicinity
of the CD68-positive cell population in the whitelp area of the spleen, both FITC-
positive (properdin) and TRITC-positive (CD68) sam did not co-localise when

merged on a same picture.

The exact nature of the cell type responsibleHergroperdin-positive signals
observed in the white pulp area of the spleen Wwas turther investigated. Using the
same technique as the one used for CD68, anti-FDGxMl anti-CD45R antibodies
were tested to see if their signals superimposeld thie properdin-positive signals.
As seen on figure 2-11A, the FDC-M1-positive celsre observed in the white pulp
compartment of the spleen, in the same area wheneemlin-positive cells were
detected. However, despite this close proximityseemed that FDC-M1-positive
cells were only adjacent to the properdin-positogdls. Concerning the CD45R-
positive cells, they were observed all over thetevbulp compartment, including the
properdin-positive cell area, but, here again, agyaid not superimpose, suggesting
here again that properdin-positive cells were Mod8R positive (figure 2-11B).
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Original magnification x100

Original magnification x100
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Original magnification x60

Figure 2-7: Representative pictures of the white pulp areproperdin-deficient and
wild type mouse spleen sections. A: wild type moapken section stained with
DAPI (blue) and immunostained with the FITC-labéligoat anti-human properdin
antibody (green); B: wild type mouse spleen secttained with DAPI (blue) and
immunostained with the FITC-labelled goat anti-hanpeoperdin antibody that had
first been pre-absorbed with the properdin antiggmen); C: properdin-deficient
mouse spleen section stained with DAPI (blue) andhunostained with the FITC-
labelled goat anti-human properdin antibody (green)
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Original magnification x60

Original magnification x60

Figure 2-8: Representative pictures of the white pulp area ofouse spleen section
stained with DAPI (blue) and immunostained with EFH€C-labelled goat anti-human
properdin antibody (green). A: Wild type spleen; Boperdin-deficient spleen. A
longer exposure time was applied to the properéiiiceént spleen section to allow
the visualisation of the FITC background. Represtrdg observations made from
spleen sections obtained from more than 3 diffem@ne.
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Original magnification x10

Original magnification x40
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Original magnification x60

Original magnification x100

Figure 2-9: Representative pictures of mouse spleen sectitased with DAPI
(blue) and immunostained with the FITC-labelled tg@ati-human properdin
antibody (green). Original magnifications were A0x B: x40; C: x60 and D: x100.
A and B showed both the white and the red pulpJev@iand D concentrated on the
white pulp compartment of the spleen. Represematbservations made from spleen
sections obtained from more than 3 different mice.
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Original magnification x60

Original magnification x100

Figure 2-10: Representative pictures of mouse spleen secti@msed with DAPI
(blue) and immunostained A: with the rat anti-mo@#68 antibody (and detected
via the use of a FITC-labelled anti-rat IgG (grgel®): simultaneously with the rat
anti-mouse CD68 antibody (and detected via theaise TRITC-labelled donkey
anti-rat 1gG (red)) and the FITC-labelled goat dntman properdin antibody (green).
Representative observations made from spleen sectobtained from more 2
different mice.
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Original magnification x40

Original magnification x 40

Figure 2-11: Representative pictures of the white pulp aremofise spleen sections
stained with DAPI (blue) and immunostained A: sitankously with the rat anti-
mouse FDC-M1 antibody (and detected via the use TRITC-labelled donkey anti-
rat 1I9G (red)) and the FITC-labelled goat anti-hanpaoperdin antibody (green); B:
simultaneously with the rat anti-mouse CD45R/B2a€@bady (and detected via the
use of a TRITC-labelled donkey anti-rat IgG (redid the FITC-labelled goat anti-
human properdin antibody (green). Representativeemiations made from spleen
sections obatined from one single mouse.
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2.3.23 Properdin deposition on platelets

A recent publication by Del Conde and collaboratbes shown that the
complement system was activated on the surface latelpts. The level of
complement activation was shown to be dependetii@fevel of platelets activation
and on the presence of factor B (Del Conde e@D5). It was therefore suggested
that platelets were activating more specificallg diternative complement pathway.
The ability of properdin, positive regulator of thkernative pathway, to bind to the
surface of human platelets was therefore checkeéloly cytometry using human
whole blood (in an attempt to avoid the unwanteaigdéts activation that can occur

during platelets purification) (see chapter 2.1.8).

The platelet population was identified in the whbleod sample according to
its size (forward scatter) and its granularity ésgtatter) as shown on figure 2-12A.
The four populations observed on the dot blot apoaded, from the bottom left to
the top right, to dust, platelets, red blood caltsl leukocytes (Chronos et al., 1993;
Goodall and Appleby, 2004). The population corresiog to the platelet population
was gated (a) and 5000 events belonging to thisulpopn were analysed. The
detection limit for positive events was set by nueg the signal obtained for the 1
to 2% of platelets with the highest level of flustence while staining with the
isotype control. This percentage of positive evemés then compared to the one
obtained using the FITC-labelled mouse anti-humapgrdin antibody while using
exactly the same settings. Thus, for the unstiradlglatelets, when only 1.8% of the
platelets stained with the isotype control weresidered as positive events, 6.6% of
the platelets stained with the properdin antiboéyeapositive, meaning that 3.7 times
more positive events were detected when the ptatelere stained for properdin than
for the isotype control (figure 2-12B and table)2-Bhis showed that properdin was

detected on the surface of unstimulated platelets.

The deposition of properdin on the surface of atéd platelets was then
assessed using the same technique. The agonistsnuas study — namely ADP,
TRAP and CRP — were all known to activate platdegranulation. The percentages
of positive cells were measured again for each iiondfigures 2-12C, 2-12D and 2-
12E). As summarised in table 2-4, properdin wasifiolo be detected on 7.3% of the
platelets activated with ADP, 10.1% of the platelattivated with TRAP and 15% of
the platelets activated with CRP. In addition ddttiplatelets activated with TRAP
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and CRP presented a median fluorescence intewsityrdéperdin respectively 2 and 3
fold higher than non-activated platelets or plasekrctivated with ADP. This meant
that, not only properdin was found to be detectea digher percentage of platelets
when activated with strong agonists (CRP, TRAP),abso the intensity of properdin
deposition on platelets was higher when the pleelere activated with these strong

agonists.
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Figure 2-12: Flow cytometric analysis on human whole blood pése
A: representative whole blood flow cytometric dolotb showing the platelet
population (gate a). B-E: Representative histogramhsained for the platelet
population after staining with the FITC-labelled use anti-human properdin
antibody (right peak) and the isotype control (jgfak). B: unstimulated platelets; C:
ADP-activated platelets; D: TRAP-activated platgleE: CRP-activated platelets.
Each graph is representative of one out of two ewxmts using a same blood
sample.
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Agonist Control ADP TRAP CRP
% of positive cells using the 1.77 1.92 111 127
isotype control
% of positive cells using the 6.61 734 10.15 15.05
properdin antibody
Median Fluorescence Intensity 0.103 0.103 0.105 0.108
for the isotype control

Median Fluorescence Intensity 0.245 0957 0528 0786

for properdin

Table 2-4: Summary of the results obtained by flow cytometry.
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2.4 Discussion

As mentioned in the introduction, properdin hasadly been shown to be
expressed by a multitude of cell types. Howevelty dew studies have looked at
properdin expression at a tissue level. Only splégar, adipose tissue, sinonasal
tissue and mammary glands have been investigatatieiriiterature and they all
showed different levels of properdin expression €Avet al.,, 1993; Choy and
Spiegelman, 1996; Maves and Weiler, 1992; Nakaretia., 2006; Vandermeer et
al., 2004).

The first project of my PhD was therefore to inigestie the expression of
properdin by different types of organs and cellsbath a transcriptional and a
translational level. In order to accomplish thisktal first screened RNA prepared
from a panel of mouse tissues using different mdédiology techniques — namely
Northern blotting, PCR and real-time PCR — and tbempared my results to the

information available on internet using bioinforipat tools.

241 Properdin is expressed by lymphoid organs

In order to investigate by Northern blot the expr@s of properdin by
different mouse organs, | constructed a radioadtibelled probe specific for
properdin. Properdin cDNA was obtained by RT-PCREnhagisspleen RNA as a
template and primers specifically designed to aiypie whole open reading frame
of the properdin gene. After successfully clonihig tDNA into a vector, confirming
its identity by sequencing and radioactively laibgllthe specific fragment, this probe
was applied against a membrane containing RNAsira@tdafrom 3 sets of mouse
organs. A positive signal corresponding to propemdas, as expected, observed for
the spleen sample. The only other organ showinggsthn expression was the
thymus. No signal was observed for the heart, kidbeain, lung, gut and even for
the liver, an organ known to express properdin (et al., 1993). This illustrated
the limits of the Northern blot technique as itasgvity was low. To summarise, in
all the sets of mouse organs tested, properdiresgmn could only be detected in the

two lymphoid organs (the spleen and the thymus).

By comparing the intensity of the signal obtained properdin with the
concentration of total RNA present in each sampifoi(mation given by the picture
under UV light of the agarose gel), it was eviddrat properdin was expressed at a
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higher level in the spleen of both the “LPS-treatadd “eye-infected” animals
compared to the healthy unchallenged control. Uafately, more samples to study
this in more details were not available and the Eddffice Licence at this time did
not cover experiments to provide further samplesweler, it is still worth
mentioning properdin expression could potentialey upregulated during bacterial

infection.

In spite of the lack of information concerning peogin expression in mouse
tissues in the literature, information could beaitéd on the National Center for
Biotechnology Information (NCBI) website. Two ofsitresources — namely
GEOprofile and Unigene — offer expression profiles a wide variety of genes in
different species. This includes properdin expaesdly numerous mouse tissues.
GEOprofiles data showing properdin expression
(http://www.ncbi.nlm.nih.gov/geo/gds/gds _browse.gd&=182 illustrate the

microarray results obtained by Su and collaboratsiag the Affymetrix Genechip
MG-U74A and RNAs isolated from various C57BI/6L nseutissues (Su et al.,
2002). The properdin GEOprofile showed that theeaplhad the greatest abundance
of properdin mRNA, and it was followed by two otHgmphoid organs — namely
lymph node and bone marrow —, adipose tissue amdmmaay gland (figure 2-13).
The thymus was shown to express properdin as wllitb expression level was

lower, similar to the one observed in the liver.

Unigene - its expression profiles for properdin cée found at

http://www.ncbi.nlm.nih.gov/UniGene/ESTProfileViemegi?uglist=Mm.3064 -

corresponds to a “digital Northern blot”. It prese&EST (Expressed Sequence Tag)
profiles and is expressed in TPM (Transcript Pdilidfi). ESTs are small portions of
the coding region of a gene made of cDNA and thgtali properdin expression
profiles presented on Unigene are calculated, &ohdissue, by dividing the number
of ESTs specific for properdin by the total numbérESTs present in the pool of
cDNA libraries used. The results given by this tgse should, however, be taken
with care and only be used as preliminary data eeéol be confirmed as no selection
criteria are used to obtain these results (Wanglaaualy, 2003). This could explain
for example the unexpectedly low expression levgdroperdin found in the spleen
using this resource. In fact, ESTs counted in tfileen dataset came from various

sources, such as enriched spleen cells cDNA ldgsariormalised cDNA libraries and
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cDNA libraries containing only few hundred ESTsr@d, all of that resulting in a
bias. Nevertheless, the results presented by Ueigeere suggesting that lymph
node, adipose tissue and bone may have a higheenglia expression level than
other tissues, as it was previously observed wEO@rofiles (figure 2-13).

As properdin expression in adipose tissue and mayngland, two tissues
supposedly expressing higher level of properdis, dleeady been investigated in the
literature, | then decided to concentrate my wornkaospecific category of organs
presenting elevated level of properdin expresdiosmiymphoid organs.

B gene expression  EST count
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Figure 2-13: Expression profiles of properdin according to GE@ipr (red, left
axis) and Unigene (yellow, right axis).

The expression of properdin by mouse thymus wasdrooed by PCR using
the same conditions as the one used to generatéatttieern blot's probe. However,
this technique did not allow the detection of pmooe in lymph nodes. In order to
guantify the level of properdin expression by thi#see lymphoid organs, a real-time
PCR was conducted using these spleen, thymus amghlyjode RNAs and primers
specific for both the properdin gene and the hoesping gene GAPDH. Despite its
frequent use as an internal control for quantiefACR, the ability of GAPDH to be
used as a reference control has been challengedent publications where the level
of expression of GAPDH was shown to differ in vasamouse organs (Guo et al.,

2002; Prieto-Alamo et al., 2003). The GEOprofilsaerce was therefore used to
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check the level of GAPDH expression in spleen, thyrand lymph node and this
level was shown to be similar in these three lynigploogans, confirming the fact that
GAPDH could be used as a reference control inghrsicular experiment. The three
properdin expression profiles obtained by real-tif@R were in concordance with
findings published on the GEOprofile website. Prdpewas expressed at the highest
abundance in mouse spleen, with an expression l@veimes higher than that

observed for lymph node and 11 times higher thahdhserved for thymus.

All the results previously discussed proved the antgnce of the lymphoid
organs to synthesise properdin. Moreover, the espa of properdin was more
elevated in the spleen and the lymph nodes — tworskary lymphoid organs — than
in the thymus and the bone marrow (according to Biefle data) — two primary
lymphoid organs. This suggested that properdin mast needed where antigen-cell
interactions and antibody production occured thaere lymphocyte maturation took
place. Being secondary lymphoid organs, spleenlamgh nodes possess quite a
similar architecture and function. In fact, whitetspleen was specialised in trapping
blood-borne antigens, the lymph node’s main fumctias to trap tissue-based and
lymph-based antigens (Kindt et al., 2007).

2.4.2 Where is properdin expressed in spleen?

In order to understand better the function of prdpein secondary lymphoid
organs, its localisation inside the spleen was stigated by immunofluorescence.
The localisation of various complement componemsluding properdin, in three
human lymphoid organs (spleen, lymph node and ohas already been examined
by Zwirner and coworkers in 1989. At this time, lewsr, properdin was detected in
none of these organs, in contrary to other compisnbelonging to the classical

pathway of complement (Zwirner et al., 1989).

To visualise properdin on frozen mouse spleen @ect fluorescent-labelled
anti-properdin antibody was used. Unfortunatelye doi the absence of anti-mouse
properdin antibody on the market, the antibody use@ was actually raised against
human properdin. After proving that this anti-humproperdin antibody could
specifically recognise mouse properdin (by using fite-absorbed antibody and
properdin-deficient mouse section as negative ofs)trmy attention focused on the

localisation of the properdin signals detectedmeen sections.
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The spleen is composed of two morphologically andcfionally distinct
compartments: the red pulp and the white pulp,lk@tt are separated by a thin layer
of cells known as the marginal zone. Blood enteesdpleen via the splenic artery
that gives rise to trabecular arteries and theretdral arteries. When the latter enters
the red pulp, it quickly gets surrounded by whitgpp where it divides into smaller
branches. As the white pulp consists mainly of Bighocytes, T lymphocytes,
macrophages and dendritic cells, an immune respsniagiated at this stage against
the antigens carried by blood-borne pathogens. Aibed carried by these small
branches of central arteries then runs towardsrtaeginal zone or towards the red
pulp before entering the cords and venous sinust#seaed pulp compartment. Red
pulp mainly consists of red blood cells and maceg@s. At this stage, old and
damaged erythrocytes present in the blood are plyiged by macrophages. The red
pulp can contain as well few plasmoblasts that ategifrom the white pulp after
antigen-specific differentiation and lead to thedarction of antibodies which can
then quickly be released into the bloodstream k& dollecting vein (figure 2-14)
(Cesta, 2006; Mebius and Kraal, 2005).

Afterent splenic

= —— artery

."\:_.'%rl_,-f?:i}/__,’/}}} \ ;".,_:“rl. -}:___3;‘}"]",)\. \.\ e S=mmm————E 1
T fele \ e N — = — —_——
0 S ) L\

s [ el - -
- .IJ:r.- 'I‘;-;q:'\_j."fg : i,fil_-‘?gé;ll . -

Y Collecting vein

Venous sinus
Cords

Duler capsule
/ with trabaculas

: - Central arteriole
‘ Follicle
¥ f -
i ;.jf_.; - T-cell zone
/
o Marginal zone

Figure 2-14: Schematic representation of the structure of filees (from Mebius
and Kraal, 2005)).

Immunostained mouse spleen sections showed spgaéitive signals for
properdin only in one particular area of the spglemhite pulp. These signals were

localised at the periphery of the white pulp, ifliéte-like structures. Splenic
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follicles, as lymphoid follicles, are mainly formdxy B cells, specific macrophages
known as tingible body macrophages, and follicdiemdritic cells (Veerman and van
Ewijk, 1975). At higher magnification, pictures gifleen sections showed properdin
signals were actually observed in only a few celgde these follicles. As tingible
body macrophages and follicular dendritic cells lan¢gh found in small numbers in
these follicles, | hypothesised that properdin pasicells could be one of them. This
hypothesis was reinforced by the fact that propesgiemed to be detected on long
cytoplasmic extensions interdigitating between otheells, this description
corresponding to the morphology of both tingibledyanacrophages and follicular
dendritic cells. As properdin has already been shtmabe expressed by macrophages

and dendritic cells, both cells could in principke the ones carrying properdin.

To begin, | first looked at tingible body macrophagCD68, or macrosialin,
is a cell marker specific for tissue macrophageduding tingible body macrophages
(Taylor et al., 2005). In the spleen, this cell kearis found on red pulp macrophages
as well as on macrophages from the marginal zor# an the white pulp
compartment, on tingible body macrophages. Thasisgy of mouse spleen sections
by this antibody, in addition to enabling the vissgtion of tingible body
macrophages in the white pulp, allowed distinguighibetter the two compartments
of the spleen. Analysis of spleen sections co-sthiwith both anti-properdin and
anti-CD68 antibodies confirmed the presence of @mip inside the white pulp
compartment of the spleen. Importantly, no col@edion of CD68-positive cells and
properdin-positive cells was observed, provingiblegbody macrophages were not
the cells carrying properdin antigen in the spleelawever, both CD68 and
properdin-positive cells were situated close toheather, supporting the hypothesis
that the cells carrying the properdin antigen weag of the splenic follicles. Similar
experiments using FDC-M1 antibody, an antibody tlaecifically recognises
follicular dendritic cells gave the same resultss to say properdin-positive cells and
FDC-M1-positive cells did not colocalise, but hagain, both cell types were found
in close vicinity. Finally, an antibody raised aggti CD45R/B220, a B-cell specific
marker, was used. As expected, positive signale wetected all over the white pulp,
B-cells being the major cell type in this companeHowever, the properdin-
positive cells were not CD45R-positive. These expents therefore showed that the

properdin-positive cells present in the white pafpmouse spleen were not CO68
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(tingible body macrophages), FDC-M{follicular dendritic cells), nor CD45R(B
cells). Further experiments using different antieedincluding anti-MIDC8 antibody
(interdigitating cells), should allow the identditton of the properdin-positive cell
population of the spleen. Once splenic properdisitp@ cells will be identified, the
logical next step would consist of looking at pnajpe expression on mouse lymph
node sections, as both organs share a close atcingeand both presents a high level

of properdin expression.

2.4.3 Properdin binds to platelets

After studying properdin expression from an orgampof-view, properdin
was investigated from a cellular perspective. Adaited in the introduction,
properdin has been shown to be expressed or sygsgbeby a multitude of cells,
including cells of the immune system (lymphocytgegnulocytes, monocytes and
macrophages), but has not been examined yet oaukigary cells of the immune
system, such as mast cells and platelets. These @ely an important role in
inflammation, mainly by releasing the mediators taored inside their granules
during activation, leading to the attraction of ionme cells and mediators towards the
site of infection. The study of properdin expressiosy mast cells is detailed in
chapter 3.

Platelets are anuclear disc-shaped cells circiglatinblood that are derived
from megakaryocytes. They contain three types ahgjes — namely lysosomes,
dense bodies and alpha granules — which contaiausamediators used during blood
clot formation and inflammation processes. Numersuslies have already linked
platelet activation with complement activation (I&dnde et al., 2005; Peerschke et
al., 2006). Lately, del Conde and coworkers hawendothat C3b could bind to
activated platelets via the surface protein P-sieleand that complement activation
could occur as C3a was produced and MAC formed latelpt's surface upon
activation (Del Conde et al., 2005). The C3 corasmtfound on activated platelets
was formed using factor B, meaning complement atibm occurred via the
alternative pathway. The ability of properdin, pive regulator of the alternative
complement pathway, to associate with resting antidaded platelet's surfaces was
therefore investigated. Flow cytometric analysisvefd properdin was detected on
the surface of resting platelets. The binding @fperdin to the platelet’s surface was

seen to increase when the platelets were activatddmore properdin was detected
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on platelets activated with strong agonists (TRARd aCRP), where more
degranulation occurs, than on platelets activatitkd weak agonist (ADP). This was
consistent with the C3b-binding intensity obsenad activated platelets by other
groups, this C3b-binding pattern being itself retato the highest expression of P-
selectin on platelets activated by strong agoiiid&t Conde et al., 2005; Goodall and
Appleby, 2004). This increase of properdin-binditay platelet's surface during
activation may be linked to the increased numberC8b molecules binding to
platelet’'s surface, the binding of properdin to GBlowing to amplify the alternative

complement pathway C3 convertase activity.
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3 Properdin synthesis in mast cells

3.1 Introduction

3.1.1 Mast cells

3111 General features

Mast cells (or mastocytes) are auxiliary cells loé immune system. They
have first been described in 1878 in the doctdrakis of Paul Ehrlich (mast cells
being the English translation of the German termaskzellen”, meaning “well-fed
cells”) as aniline-reactive granular cells of theneective tissue (Crivellato et al.,
2003). They are detected in the vicinity of bloogssels throughout the body, but
mainly in the skin and the mucosa of gut and aisvayd mature mast cells are not

physiologically found in the blood (Metz and Mayr2e07).

Mast cells arise from bone marrow CD3progenitors, either from the
common myeloid progenitors (CMP) together with moytes and granulocytes, or
directly from multipotential progenitors (MPP) (Rwodbauer and Tenen, 2007). Their
precursors circulate in the blood and the lymphptee entering a tissue mucosa
where they differentiate into long-lived mature meslls under the action of Stem
Cell Factor (SCF) and various cytokines. SCF, tlastngell growth factor, is mainly
produced by fibroblasts and endothelial cells acid an mast cells by binding to
their c-kit receptors (Broudy, 1997; Metz and Maug907).

Mast cells are 8 to 20um ovoid cells with shortopjasmic extensions,
containing a large monolobed nucleus, a multitufidame dense metachromatic
cytoplasmic granules, few lipid bodies and numenmitochondria (Dvorak, 2005).
Their granules contain different substances cathedliators, the best-known being
histamine, serine proteases (chymase, tryptase camtdoxypeptidase A) and
proteoglycans (heparin and chondroitin sulfateFEu¢sin and Metcalfe, 2006). Mast
cells are divided into two subtypes according ® phesence in their granules of both
tryptase and chymase (M§), or tryptase alone (M@. Another classification divides
mast cells into two sub-populations according teirthocalisation. Actually, mast
cells found in connective tissue (CTMC) (skin, ags) do not possess the same
granule content as mast cells found in mucosa (MNYaktrointestinal muscosa).
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CTMCs are more likely to be Mg whereas MMCs are more likely to be MC
(Feger et al., 2002; Metcalfe et al., 1997; Pruasith Metcalfe, 2006).

Mast cell's mediators are divided into two categsri the pre-formed
mediators (histamine, proteoglycans, neutral psseaand cytokines), which are
stored inside the granules, and tde novo-synthesised mediators (cytokines,

chemokines and lipid mediators).

3.1.1.2 Mast cell activation

Activation of mast cells results in the release different pre-formed
mediators and/or newly synthesised mediators. Tiwdskof mast cell activation have
been described: the anaphylactic degranulationttagiecemeal degranulation. The
so-called “allergic activation”, or anaphylactic gienulation, occurs mainly after
stimulation by IgE and results in the release of tjranules contained in the
cytoplasm of the cells. The other type of mast eetivation, known as piecemeal
degranulation, results in the release of the alacttense granules’ content with the
retention of the empty granules’ containers insitie cytoplasm of the cell
(Theoharides et al., 2007).

The pattern of degranulation taking place in ma#is @actually depends on the
molecule responsible for the activation. Numeroudeeules are known to activate
mast cells, such as IgE, complement anaphylatoZBes and C5a, TLR (Toll Like
Receptor) ligands, 1gG, bacterial products andowaricytokines (Galli and Tsai,
2008).

3.1.1.3 Roles of mast cells

For many years, mast cells were only seen as tglleells”. During type |
hypersensitivity reactions, allergens bind to sesexd mast cells coated with IgE via
their highly expressed ERI receptors and this leads to an anaphylactivatodin of
mast cells and the release of their granules’ cintereating an immunological
response in the surrounding tissue that is resplengf the allergic symptoms
(Bischoff, 2007).

In the past decade, mast cells have emerged ag bmich more than just
allergy cells, showing various physiological andhp@hysiological functions, mainly
because of the quick differential release of theouws mediators present in their

granules upon stimulation, and because of the@atioo within tissues with direct
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contact with the external environment and the bleeskels. Thus, mast cells are now
known to be involved as well in both innate anduaigg immunity. One of the first
lines of evidence showing the implication of masitcduring bacterial infection was
brought by Echtenacher and coworkers in 1996. Toleserved that, following
caecum ligation and puncture (CLP), a model of excséptic peritonitis, the
development of an immune response was less eféeativ the mortality rate was
higher in mast cell-deficient mice than in theirldviype littermates, proving the
importance of mast cells in this specific model Heoacher et al., 1996). Other
studies have since confirmed the key role playeanbgt cells during bacterial and
parasitic infections (Malaviya et al., 1996; Siehaar et al., 2007). In addition to
these roles, mast cells by interacting with immue#s, such as dendritic cells or
lymphocytes, are able to induce the acquired immsystem as well (Metz and
Maurer, 2007). Mast cells play their protective iome role against pathogens by
quickly recruiting various inflammatory cells toetsite of infection and by enhancing
the vascular permeability, activating inflammatarglls and direct killing of the
micro-organisms, either via their proteases and-raitrobial peptides, or by
phagocytosis (Lin et al.,, 1999; Marshall and Jaw@804). Mast cells have been
shown to be involved as well in various autoimmutgeases, such as multiple

sclerosis, rheumatoid arthritis and bullous pempidigBenoist and Mathis, 2002).

Finally, mast cells have been shown to play an mamd role in tissue
remodelling. Tissue remodelling is essential fag tiealing process observed after
injury, but can be responsible as well for the d#mm of exaggerated amount of
extracellular matrix (ECM) collagen, leading to ttevelopment of fibrosis. Mast cell
plays its role in this process via the releasemediators, mainly tryptase, as this
protease has been shown to be involved in botlaget synthesis and degradation,

and fibroblast and epithelial cells’ proliferati¢@airns, 1998; Okayama et al., 2007).

3114 Mast cells and complement

As mentioned in the general introduction, C3a aré @olecules are two
strong mast cell activators that lead to the aniaghg degranulation of serosal
mastocytes. In addition to this stimulatory roleother role was attributed to C3a, but
only in mucosal mast cells this time. In theses;éll3a, by binding to th@g-chain of
the FeRI present on the surface of mast cells, prevdémsctivation of mast cells by

IgE (Erdei et al., 2004). C3a molecules are theectble to have both a stimulatory
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and an inhibitory effect on mast cell activationlgc component of the classical
complement pathway, was shown to play an imporaettoo in mast cell activation
during infection, as its presence altogether with one of thex2f31 integrin on the
mast cell's surface was required for mast cellvation and cytokine secretion
(Edelson et al., 2004; Edelson et al., 2006).

Moreover, CR2 and CRS3, both present on the memloaneast cells, were
shown to be important during infection using CR2d £R3-deficient mice in a CLP
model, a mast cell-dependent model of acute s@atitonitis (Gommerman et al.,
2000; Rosenkranz et al., 1998).

Another line of evidence for the importance of thenplement system in mast
cells is illustrated by the fact that C3-deficie@¢-deficient and properdin-deficient
mice are all more sensitive than their wild-typgelmates to CLP (Prodeus et al.,
1997, Stover et al., 2008).

Finally, the binding of complement opsonins presemthe bacterial surface
to CR1 and CR3 present on mast cells’ surface emhtheir phagocytic function
(Andrasfalvy et al., 2002).

3.1.15 Mast cell lines used in this study

Both mast cell lines used in this study were ismlatfrom patients with
mastocytosis, a pathology where mast cells accumuiadifferent organs as well as

in peripheral blood and bone marrow (Horny etz007).

The HMC-1 (Human Mast Cell-1) cell line was estsibvéid by Butterfield and
collaborators in 1988 (Butterfield et al., 1988).became the first mast cell line
available and is nowadays a widely used cell IDeexler and MacLeod, 2003). This
cell line derives from the peripheral blood of ay&ar-old woman with mast cell
leukemia. HMC-1 cells are immature mast cells bgilop to the MG type. They
possess 2 point mutations in their c-kit gene, kbadl to a constitutive activation of
the Kit protein and, therefore, HMC-1 cells do meguire the presence of SCF to
proliferate (Furitsu et al., 1993). The major disaatage of this cell line is its lack of
a functional FeR (Drexler and MacLeod, 2003).

The LAD 2 (Laboratory of Allergic Diseases 2) clfie was established by
Kirshenbaum and collaborators in 2003. This celk lderives from bone marrow

aspirates of a 44-year-old male with mast cell aa/leukemia. In contrast to
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HMC-1 cells, LAD 2 cells respond to SCF and havacfional FeRI. They are

tryptase positive and 37% are chymase positivesfi@nbaum et al., 2003).

LAD 2 cells could not be used in all the followiegperiments due to their
slow doubling rate (2 to 3 weeks in comparisorh® 80 hours for HMC-1 cells) and
their need of SCF, which make them expensive taotai in culture for a prolonged
period of time (Drexler and MacLeod, 2003).

3.1.2 Exocytosis

Exocytosis is an event performed in a calcium-ddpah or calcium-
independent manner by all eukaryotic cells allowitige release of different
populations of vesicles into the external microtevment. Two kinds of vesicles
released during exocytosis — namely microvesichesexosomes — have been shown
to be specifically involved during immune responsbg mediating cell-to-cell

communication. Both of these vesicles are prodibgeahast cells.

Microvesicles are 100nm to 1pm-diameter vesiclewee from the shedding
of the cell plasma membrane (Ratajczak et al., RODGey are mainly released by
leukocytes, platelets, erythrocytes and neoplastiic and are normal constituents of
the plasma (Gasser et al., 2003; Gasser and Sthi#@05; Heijnen et al., 1999;
Ratajczak et al., 2006). Their proteins’ conterffeds according to their cellular
origin.

Exosomes, as for them, are 40 to 90nm small rouathlonanous vesicles
contained in multivesicular bodies (MVB) and rel@dsifter the fusion of these MVB
with the cell plasma membrane (Keller et al., 200B)ey derive from cultured
hematopoietic cells and have already been isolated B lymphocyte, reticulocyte,
platelet, dendritic cell and mast cell's culturgematant, as well as from plasma
(Caby et al., 2005; Heijnen et al., 1999; Skokoslet 2001; Thery et al., 2001;
Waubbolts et al., 2003).

3.1.3 Aim of the study

Mast cell is the only cell type of the immune syst¢hat has not been

examined yet for properdin synthesis. However, roali$ are tissue-based cells that
can trigger a quick immune response during infecty releasing the mediators
present in their granules. The production of prdpeby mast cells could potentially
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amplify complement activation in no time at theesdf the infection and could
therefore confer a better immune response to tis¢ Adis response could even be
more important if mast cells could, like neutrophifelease properdin via their

granules during activation.

The aim of this project was therefore to invesegathether mast cells could
produce properdin, and if they did, to characteps#perdin synthesis and secretion

by mast cells.
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3.2 Material and methods

3.2.1 Cells and media
The two mast cell lines used in this study, HMCatl &AD 2, were provided

by Prof. Peter Bradding (University of Leicester).

HMC-1 cells were grown in Iscoves media (Gibco)gamented with 10%
iron supplemented FCS (Gibco; Fisher, LoughborougfK) and 1.2mM
monothioglycerol (Sigma-Aldrich). Cells were mainid in a humidified incubator
at 37°C at 5% C@for 3 days. Then, the cell culture medium was nezdoand cells
were resuspended in an appropriate volume of foedhmedia to maintain a cell
density between 5x£0and 1x16 cells/ml (Butterfield et al., 1988). When needed,
HMC-1 cells were frozen in 10% DMSO-FCS in a freeae-80°C for 2 days and

then stored in liquid nitrogen.

The HMC-1 serum-free media used for the exosomemetidn consisted of
Iscoves media supplemented with 1.2mM monothiogblcand 0.1% ITS-G (Gibco),
a synthetic medium supplement containing insuteamdferrin and selenium, and used

as a substitute for serum in cell culture.

LAD 2 cells were grown in Stem-pro SFM medium (Gipsupplemented
with 2mM L-glutamine (Gibco) and 100ng/ml of recamdmt human Stem Cell
Factor (rhSCF) (R&D Systems, Abingdon, UK). Cellerey maintained in a
humidified incubator at 37°C at 5% CO2. Every webklf of the cell culture
medium was removed and cells were resuspended appmopriate amount of fresh
medium to maintain the cell density between 5xa6d 1x16 cells/ml in the flask
(Kirshenbaum et al., 2003).

Aliquots of HL-60, K562 and Jurkat cells in cultusere kindly provided by

Dr Mike Browning (University of Leicester).

3.2.2 Mast cell stimulation

Four millilitres of fresh HMC-1 cell medium and 1nof HMC-1 cells
suspension containing 2x1@ells/ml were placed into the wells of 6-well st
(Nunc; Scientific Lab Supplies, Wilford, UK). Fivaicrolitres of either HMC-1 cell
medium, ILPB (Sigma-Aldrich, 10ng/ul), TNE (Sigma-Aldrich, 10ng/ul), TGF
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(Sigma-Aldrich, 10ng/ul), IFM (Sigma-Aldrich, 10ng/ul), GM-CSF (Sigma-Aldrich,
10ng/ul), or LPS (Sigma-Aldrich, 1pg/ul) were addettd each well and plates were
incubated for 24 hours at 37°C at 5% L @&ach condition was performed in 2

separate wells.

The next day, the wells containing HMC-1 cells imalted under the same
conditions were pooled together. Cells were spumndat 250g for 5 minutes. RNAs
were extracted from each cell pellet using TRIzagent (see chapter 3.2.4.1), while
proteins were 10-times concentrated by passing d@wh of the cell culture
supernatant through a Centricon YM-30 column (Amijcblillipore, Watford, UK)
for 2 hours at 400g. The liquid remaining into ®Gentricon was therefore containing
no proteins with a molecular weight of less thaKB@&. The protein concentration in
each sample was then measured by the 2-D Quaassaty (see chapter 3.2.7.1) and
the volume of each sample was adjusted with st@8& (Oxoid) to ensure all the

samples had the same final concentration of totaem.

3.2.3 Exosome extraction

Exosome extraction was performed as described byNetlawi and
collaborators and is illustrated in figure 3-1 (Rédawi et al., 2005). HMC-1 cells
were harvested in an exosome-free medium for thi@®es before to extract the
exosomes, as FCS is known to contain exosomes (Wsbbt al., 2003). This
exosome-free  medium consisted in fact of the swgtemt obtained after
ultracentrifugation of the HMC-1 cell’'s medium &,@00g for 2 hours that was then
filtered using 0.22um Acrodisc filters (PALL corption; Fisher, Loughborough,
UK) (Caby et al., 2005). This ensured that no \esias present in the media before
adding the HMC-1 cells. Twenty four hours beforesome extraction, HMC-1 cells

(10" cells/ml) were transferred into serum-free medéee(chapter 3.2.1).

Exosomes were then extracted from the cell cusupernatant by differential
centrifugation at 4°C. First, the medium was cémged at 300g for 5 minutes to
pellet the cells. The supernatant was then depfeded any cell debris by spinning it
down at 1200g for 20 minutes. Big vesicles wereaesd by ultracentrifuging the
supernatant at 10,000g for 30 minutes (Ultracargaf TL-100, Beckman Coulters)
and exosomes were finally extracted after ultradegation at 70,000g for 2 hours
(Skokos et al.,, 2001). The pellets obtained at ezmftrifugation steps were all
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washed twice in PBS and centrifuged at their ismhatspeed. They were then

resuspended in an appropriate volume of PBS andkéipe freezer until further use.

= —— =

HMC-1 Mhmmw1wmé\\33

*
/ Cell depletion
300y
*
10000y €V

Cell debris depletion and
other vesicles depletion

7 000y

Exosome extraction

* 2 washes

Lysis buffar

Laammli loading buffer 70,000y
Exosome purification

Western blot analysis

Figure 3-1: Exosome purification (adapted from Quah and OIN2Q05). Asterisks
represent the fractions which were analysed by &vedtlot.
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3.24 Reverse Transcriptase Polymerase Chain Reamti

3.24.1 RNA extraction and cDNA synthesis
Total RNAs were extracted from HMC-1 and LAD 2 selising TRIzol

reagent following the manufacturer’s instructiofsze hundred microlitres of TRIzol

reagent were added to each cell pellet and theedniith 100ul of chloroform. The
same protocol as the one used to extract RNAs mamse tissues was then followed
(see chapter 2.1.2). Next, the concentration of $&Natreated RNAs was measured
and first strand cDNAs were synthesised (see clafpté.3 and 2.1.4.1).

3.24.2 Polymerase Chain Reaction

3.2.4.2.1 PCR specific for the ORF of the human pperdin gene
Touch-down PCR is more specific than a classicaR RS it begins with an

annealing temperature far higher than the optimal, &llowing a very specific
amplification of poorly-represented DNA. The anmsggltemperature then decreases
of one increment at each cycle to allow the angaifion of the specific fragment
created (as this fragment is getting more abunaa@ach cycle).

The reaction was performed by mixing the followneggents in a 0.5ml PCR
reaction tube: 0.2mM of each dNTPs (PCR Nucleoltie, Promega), 2.5mM of
MgCl, (ABgene), the 10x reaction buffer IV (ABgene) apmiately diluted in
DEPC-treated kD, 4uM of each primer (forward and reverse HumPishers (table
2-1)), 40ul/ml of template cDNA (obtained in chapt®2.4.1) and 40U/ml of
Thermoprime plus DNA polymerase (ABgene). The finalume of each PCR

reaction was of 25ul.

The tube was then pulse-centrifuged and placed antbermocycler (Gene
Amp PCR System 9700, PE Applied Biosystems). Thikoving touch-down
program was finally applied to the machine. At #tep 2 of this touch-down PCR
program, the annealing temperature decreases B¢ 8rement at each cycle and
reaches the temperature of 60°C after the 15dydes. It then continues for 25 more

cycles at the step 3 with this annealing tempeead@i60°C.
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Temperature | Time Number of '
Step Increment Function
(°C) (sec) cycles

1 95 90 1 Initial denaturation
95 45 Denaturation

2 72 45 15 -0.8°Clcycle Annealing
68 180 Extension
95 45 Denaturation

3 60 45 25 Annealing
68 180 Extension
68 420

4 1 Final extension
4 0

The PCR products were analysed by agarose getagéctresis (see chapter
3.2.5).

3.2.4.2.2 PCR specific for the primers used in redgime PCR
The primers used in real-time PCR were HumPNshlmiPNsh2,

HumPNsh3, HumPNsh4, HumGAPDH and MouGAPDH (seeetabll). The
reaction was performed by mixing the following reaty in a 0.5ml PCR reaction
tube: 0.2mM of each dNTPs (PCR Nucleotide Mix, Pega), the 10x polymeric
DNA buffer (Promega) appropriately diluted in DER€ated HO, 4uM of each
primer (forward and reverse), 40ul/ml of HMC-1 cDNéd 40U/ml of Tag DNA
polymerase (Promega). The concentration of Mg@ed for each reaction is
specified further down in the text (see chapter33131), as the optimal magnesium

concentration was different for each pair of primer

The tube was then pulsed-centrifuged and placedantl1 plus thermocycler
(Biometra). The following programme was appliedth@ machine, except when
notified differently:
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Temperature _ Number of _
Step Time (sec) Function
(°C) cycles
1 95 90 1 Initial denaturation
95 10 Denaturation
2 60 10 40 Annealing
72 25 Extension
72 180
3 1 Final extension
4 00

The PCR products were then analysed by agaroselgeirophoresis (see
chapter 3.2.5).

3.2.5 Agarose gel electrophoresis

Agarose gel electrophoresis was performed as edquain chapter 2.1.4.3.
Different percentages of gel were made accordinipedength of the expected PCR
product. Generally, small fragments (below 300bpjenseparated using 1.2% (w/v)
agarose gel, whereas bigger fragments (above 1kkg win into 0.8% agarose gel.
Fragments having a size comprised between 300kib takre visualised using 1%

agarose gel.

DNA samples were mixed either with a 6x bromophdsoé loading dye, or
with a 5x orange G loading dye (50% (v/v) glycer5Q% (v/v) TAE, 1% (w/v)
orange G), again according to the size of the erpeproduct. Bromophenol blue
overlaps the 300bp DNA double stranded fragmentrwhegrated through agarose
gel, whereas Orange G migrates as a 50bp DNA datbdeded fragment. Thus,
every time 300bp PCR fragments were expected,rdngge G loading dye was used.

Ladders used in this study were either the bencRtOR Markers (Promega),
the low DNA Mass Ladder (Invitrogen, previously mik1:4 in loading dye), or the
1kb DNA Ladder (Promega).
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3.2.6 Real-time PCR

cDNAs were synthesised from RNAs extracted froomstated HMC-1 cells

and from mouse organs and these cDNAs were uséehgdates for the real-time
PCR. Real-time PCR was performed using the SYBRei&Greaq Ready/Mix for
guantitative PCR, capillary formulation (Sigma-Atdr) and HumPNsh4 primers
were used to quantify properdin expression whepasers specific for GAPDH
(Glyceraldehyde-3-phosphate dehydrogenase) were ase a control reference
(HumGAPDH for mast cells experiments and MouGAP @A rhouse experiments).
GAPDH was used as a reference because the expresfsihis housekeeping gene
stays constant upon stimulation. The reaction wadopmed by mixing 10ul of
SYBR Green with 7.2ul of ¥, 2ul of each cDNA (previously diluted 1:10 in
DEPC-HO) and 4uM of each primer (forward and reverse)th&sSYBR green mix
contained already a substantial amount of Mg@d magnesium chloride was added
to the reaction mix this time. In addition to thayl of different dilutions of the
cDNA extracted from non-stimulated HMC-1 cells (poaisly diluted 1:2, 1:4, 1:20,
1:40 and 1:200 in DEPCJ8) were used to construct the standard curve. Athey
control sample (with dpD instead of the cDNA template) and a positive @nt
sample (using the plasmid prep obtained in chapt@r? as a template) were also
prepared for each run.

All samples were then transferred into a 20ul L@yder capillary (Roche).
Capillaries were loaded into a carousel, which itsadf inserted into the LightCycler
(Roche). The following programme was applied to itiechine via the LightCycler
software version 3 (Roche). The first, second astl$tep of the programme were the
same as the ones of a classical PCR, while the siép was a slow denaturing step
from the primers Tm (65°C) to 95°C. The fluoreseengas measured in each
capillary at the end of each cycle and recordedanduall the denaturing process of
the third step. The fluorescence values obtainec ween used by the computer to
generate a melting curve using the LightCycler vgafe version 3 (Roche). The
analysis of this melting curve allowed checking tilee any contaminants or primer
dimers were among side the amplicon. The meltingecshowed only one peak for
each sample with every primer as illustrated omrgg3-2. The amplicon obtained
using HumPNsh4 primers had a Tm of 90°C (expectad91.8°C, using the formula
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Tm=0.41x(GC%)+69.3-(650/length product)), whereas amplicon obtained using
GAPDH primers presented a Tm close to 82°C (expetia: 82.9°C).

Once the melting curve confirmed that only one patdvas amplified, data
were analysed using the LightCycler software vers3o(Roche). First, the baseline
was adjusted using the arithmetic option. The I@fahon-specific background was
then set up by dragging the noise band and thevadata analysed using the fit points
analysis method. The best fit of the curve wasutated using 3 points in the log-
linear part of each curve. The crossing point (egped in cycle number) represented
by the interaction between the sample curve anebssing line (previously defined)
was then measured. The crossing points obtaine@doh of the standard sample
were used to build a standard curve representiagélationship between the DNA
concentration and the number of cycles (see fi@i8. The relative expression of

each sample was finally calculated based on thigdsird curve.

Step| Temperature (°C) Time | Slope | Number | Acquisition Function
(sec)| (C°/sec) | of cycles mode

1 95 900 20 1 None Denaturatign
95 15 20 None

2 T 15 20 40 None Cycling
72 25 20 Single
95 2 20 None

3 65 10 1 1 None Melting curve
95 0 0.1 Continuous

4 4 00 1 None Cooling

T was 60°C for HumPNsh4 and 57°C for HumGAPDH andu&APDH.
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Figure 3-2: Representative mkeltihgﬂ curves obtained by read-tifCR. A: using

HumPNsh4 primers; B: using HUmGAPDH primers. Theegr line corresponds to

the negative control.
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Figure 3-3: Representative standard curve obtained by real-tP@R using
HumGAPDH primers. The DNA concentrations of thend&rds were plotted against
the number of cycles to create the standard curve.
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3.2.7 Determination of the protein concentration

In order to compare the properdin concentrationveen different samples,
the total protein content of each sample was medsusing either the 2-D Quant Kit
(Amersham Biosciences), or the Bradford proteimpa$Bio-Rad), both following the

manufacturer’s instructions.

3.2.7.1 2-D Quant Kit

Briefly, each sample and each standard (BSA) wared with a precipitant

and a co-precipitant solution and all the prectpdamaterial, including the protein,
was then spun down and the pellet was resuspendaaopper-containing solution.
Copper ions are known to bind specifically to pide Therefore, as they bound to
the protein present in each sample, the cupric {@s$") present in the copper
solution were reduced to cuprous ions {)Curo determine the concentration of
protein present in each sample, the amount of cupns left in each solution was
measured. This was done by adding a colour reagdution into the mixture for 15

minutes and by measuring the absorbance at 480mmg as50 BIO UV-visible

spectrophotometer (Varian). A standard curve wa® thuilt and the total protein
concentration of each sample was determined byiqdotheir OD value against the
standard curve, the quantity of protein presenteath sample being inversely
proportional to the quantity of cupric ions leftsolution. This protocol was used to

measure the total protein concentration of therfgtated-cell culture samples”.

3.2.7.2 Bradford protein assay

A protein standard curve was constructed by dituén 4, 6, 8 and 10ug of
BSA into 800ul of HO. Each sample was appropriately diluted as watl kO to
obtain a final volume of 800ul. Two hundred micir@s of the dye reagent (Bio-Rad)
were then added to each sample and standard, foyxeaktexing and transferred into
a plastic cuvette. This dye (that is, in fact, ao@assie brilliant blue G-250 dye)
changed colour (red to blue) when binding to protecured and this was visualised
after 15 minutes of incubation at room temperatwaneasuring the absorbance at
595nm in each cuvette using a 50 BIO UV-visiblecsfpphotometer (Varian). A
standard curve was then built and the total prateimcentration of each sample was
determined by plotting their OD value against ttendard curve. This protocol was
used to measure the total protein concentratiornthef “ultracentrifuged cell and

vesicle samples”.
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3.2.8 Western blot
3.2.8.1 Preparation of the gel

The mini-Protean Il system (Bio-Rad) was used tallshthe acrylamide gels.
Ten or twelve percent SDS-PAGE resolving gels wianrst prepared by mixing
together the components listed in table 3-1. Fodr @ half millilitres of the mixture
were then poured between the glass plates of theRnotean Il system and water
was added on top of the gel to prevent its desamtalhe gel was left to polymerise
at room temperature for 20 minutes. During thisetithe stacking gel was prepared
by mixing together 1.4ml of #D, 330ul of acrylamide/bis-acrylamide 30% solution
(Sigma-Aldrich), 250ul of 1M Tris-HCI (pH 6.8), 20pf 10% (w/v) SDS (Fisher),
20ul of 10% (w/v) ammonium persulfate (Fisher) &hyd of TEMED (Bio-Rad).
After removing all the water present on top of thsolving gel, the stacking gel was
poured until the top of the glass plates and a caab inserted to create the wells.

The gel was finally left to polymerise at room tesrggure for at least 1 hour 20

minutes.

Gel percentage 10% 12%
H.,O 1.9ml 1.6ml
Acrylamide/bis-acrylamide 30% solution 1.7ml 2.0ml
1.5 M Tris (pH 8.8) 1.3ml 1.3ml
10% SDS 50ul 50ul
10% Ammonium Persulfate 50pl 50ul
TEMED 2ul 2ul

Table 3-1: Composition of SDS-PAGE resolving gels.

3.2.8.2 Samples preparation

For “cell culture samples”, 4ul of the adjusted selpernatants were mixed
with 15ul of 2x SDS-PAGE sample buffer (10% (viMyagrol (Sigma-Aldrich),
50mM Tris-HCI (pH 6.8), 4% (w/v) SDS, 4% (v/\}-mercaptoethanol (Sigma-
Aldrich) and 0.2% (w/v) bromophenol blue) and 14ilPBS and boiled for 10

minutes. After chilling on ice for 1 minute, 20ufl @ach sample and 5ul of the broad
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range prestained SDS-PAGE standards (Bio-Rad) Veaed into the wells of a
12% SDS-PAGE gel.

For “purified cell and vesicle” samples, an appiaigr volume of each sample
was first mixed with a lysis buffer (2% Nonidet B-4BDH; VWR International,
Lutterworth, UK), protease inhibitors (Sigma-Aldrjcin PBS) for 20 minutes at 4°C
(Caby et al., 2005). Total protein concentratiorside each sample was then
measured using the Bio-Rad protein assay (seeahdj&.7.2) and various amounts
of total protein from each sample were mixed wiBiSPto obtain a final volume of
12ul. Four microliters of 5x SDS-PAGE sample buft€t25M Tris, 50% (v/v)
glycerol, 5% (w/v) SDS, 0.25M DTT, 1% (w/v) bromagtol blue) were then added
to the mix. Samples and 8l of the prestained Bigtiplus protein standards (Bio-
Rad) were boiled for 10 minutes, chilled on ice fominute, and loaded into the
wells of a 10% SDS-PAGE gel.

3.2.8.3 Western blotting

Gel electrophoresis was performed in running buf@smM Tris, 190mM
glycine (Fisher), 0.1% (w/v) SDS, pH 8.3) for 1.6ulns at 90V. The gel was then
blotted onto a nitrocellulose membrane (TransBRiH-Rad) in ice-cold transfer
buffer (50mM Tris, 40mM glycine, 10% methanol, @AFDS) for 1 hour at 250mA.
After transfer, the nitrocellulose membrane wasnsth with Red Ponceau (0.1%

(w/v) Ponceau S (Sigma-Aldrich), 5% (v/v) acetiadador 5 minutes to visualise the
efficiency of the transfer, washed 3 times 5 miautePBS and blocked overnight at

4°C in a blocking solution under agitation.

The next day, the membrane was incubated for 2sheuth a solution
containing the primary antibody at room temperaturder agitation. After 4 washes
in a washing solution, the membrane was incubated fmore hour with a solution
containing the HRP-labelled secondary antibodyanr temperature under agitation.
The membrane was washed 4 more times in the washiagon. The detection of
the HRP-labelled antibody bound to the membrane d@s using an ECL Kkit,
following the manufacturer’'s instructions. The E@kated membrane was next
wrapped in cling film and exposed to an X-ray filma cassette for 30 seconds to 5

minutes. The film was finally developed manuallyeaplained in chapter 2.1.6.5.
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The availability of new antibodies and reagentghenmarket during the time
of my PhD allowed me to improve the detection lirad the quality of the
technique, explaining why different conditions weed to detect properdin on “cell
culture samples” and “purified cells/vesicles sasjpl These conditions are

summarised in table 3-2.

3.2.9 Properdin ELISA
This was done using the properdin ELISA kit (AntllgoShop) by Kathryn

Staley (University of Leicester) following the mdacturer’'s instructions. Briefly,

100ul of appropriately diluted “purified cell/paitie samples” and of each calibrator
were incubated for 1 hour at room temperature ensiee pre-coated wells of the
ELISA plate. After 3 washes in the washing solutid®Oul of the biotinylated
properdin antibody were added to each well andolettand for 1 hour. Three more
washes were applied before incubating the plate fohour with the HRP-
Streptavidin-conjugated antibody. The plate washeds3 last times before adding
the TMB substrate and, 15 minutes later, the stiytisn. The absorbance across the
plate was measured at 450nm using a microplateergbdel 680, Bio-Rad) and
analysed using the microplate manager softwaresiorer5.2.1 (Bio-Rad). The
standard curve was generating using a five-parametgstic curve fitting (type
Rodbard).
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Samples

« Cell culture samples »

« Purified cellssicles samples »

Blocking solution

5% (w/v) skimmed milk-PBS

5% (w/v) BSA-TBS

Antibody solution

1% (w/v) skimmed milk-PBS

3% (w/v) BSA-TBS

Primary antibody

Polyclonal rabbit anti-human properdin antibody

(provided by Prof. W. Schwaeble, University of

Leicester [from Prof. K. Reid, University of Oxfdyd
diluted 1:1000 in the antibody solution

Monoclonal mouse anti-human properdin HYB 039-
antibody (Antibody Shop) diluted 1:1000 in the botly

solution

Washing solution

0.05% Tween 20 (Sigma-Aldrich)-PBS

0.05% Tween BBT

Secondary antibody

HRP-labelled goat anti-rabbit IgG antibody (Sigma|
Aldrich) diluted 1:2500 in the antibody solution

HRP-labelled goat anti-mouse IgG antibody (Sigm
Aldrich) diluted 1:6000 in the antibody solution

D
1

ECL kit

ECL Western Blotting kit (Amersham Biosciences

Supersignal West Dura Extended Duration substra

(Pierce; Perbio Science, Cramlington, UK)

ite

X-ray film

Super RX (Fuji Medical; Genetic Research Inst.,
Braintree, UK)

Hyperfilm ECL (Amersham Biosciences)

Table 3-2: Western blot conditions used for “cell culture samps” and “purified cells/vesicles samples”.
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3.2.10 Flow cytometry

3.2.10.1 Indirect immunofluorescence staining of ds

Mast cells were pelleted at 300g for 5 minutes eeglispended in PBS to
obtain a concentration of 1x3Qells/ml. One hundred microlitres of this cell
suspension were blocked in 3% BSA-PBS for 30 mmuwe 4°C, stained for 30
minutes at 4°C with 100ul of 1% BSA-PBS containbipgg of the primary antibody or
of its isotype control (see table 3-3). After thkgashes in the washing solution (1%
BSA-PBS), cells were then incubated for 30 minuteshe dark with 100ul of a
solution containing the secondary antibody (tabi®) 3liluted 1:10 in the washing
solution. The cells were washed three more timesthe washing solution,
resuspended in 500ul of PBS and data were acgoyrélde FACSCalibur Instrument

(Becton Dickinson) and finally analysed using thellQuest Pro Software (Becton

Dickinson).
Target Primary antibody Isotype control Secondary atibody
Mouse anti-human Mouse anti-EcoRI antibody Goat F(ab’) fragment anti-
Properdin | properdin antibody HYB HYB 098-08 (Antibody mouse PE-labelled
039-06 (Antibody Shop) Shop) (Beckman Coulter)

) _ Goat F(ab’) fragment anti-
Mouse anti-human tryptase  Mouse IgG1 negative
Tryptase _ mouse PE-labelled
antibody (AbD Serotec) control (AbD Serotec)
(Beckman Coulter)

Table 3-3: Antibodies used in flow cytometry to detect properednd tryptase on
mast cells.

3.2.10.2 Permeabilisation of cells

Three different methods were tested to permealilisegnast cells.

First, the commercial Cytofix/Cytoperm kit (BD Bmences) was used
following the manufacturer’s instructions. Mastlsgllx1@ cells) were resuspended
into 250l of Cytofix and left to stand for 20 miea at 4°C. Cells were then washed
in 1ml of Perm/Wash buffer for 5 minutes and stdifier 30 minutes at 4°C with
100ul of Perm/Wash buffer containing 5ug of themamy antibody or of its isotype
control. After three washes in Perm/Wash buffelisagere incubated for 30 minutes
in the dark at 4°C with 100l of a solution conagithe secondary antibody (table 3-
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3) diluted 1:10 in the Perm/Wash buffer. Cells wewshed three more times in the
Perm/Wash buffer, resuspended in 500ul of PBS aatd @ere acquired by the
FACSCalibur Instrument and finally analysed usimg €CellQuest Pro Software.

The second method used was a mixture of the twdhadst previously
explained. Cells were first stained using the prokdor indirect immunofluorescence
staining of cells (see chapter 3.2.10.1) and tledis evere permeabilised and stained
for a second time using the permeabilisation patoescribed above. This ensured
the binding of the antibody to the cell surfacedpefthat the cell permeabilisation

occurred.

The third protocol used was inspired by the oneettged by Gritzkau and
collaborators (Grutzkau et al., 1997). Cells (I Mere fixed in a solution containing
4% paraformaldehyde and 0.1% glutaraldehyde fanBfutes at 4°C. Cells were then
washed three times in a washing solution (0.5% BS¥8% saponin-PBS) for 5
minutes and stained for 30 minutes at 4°C with 1068juthe washing solution
containing 5ug of the primary antibody or of itetigoe control. After three washes in
the washing solution, cells were incubated for 3@erminutes in the dark at 4°C with
100pul of a solution containing the secondary amyb@iable 3-3) diluted 1:10 in the
washing solution. Cells were finally washed 3 taskes, resuspended in 500ul of PBS
and data were acquired by the FACSCalibur Instruraed finally analysed using the

CellQuest Pro Software.

3.2.11_Microscopy
3.2.11.1 _Cytospin
A cytospin cuvette, a thick filter card (Shandome8tfic, Runcorn, UK) and a

microscopic slide (Histobond, Lamb) were held tbgetby a cytospin slide holder.
Mast cells in culture were pelleted at 300g for iButes prior to being resuspended in
PBS at a concentration of 1X1@ells/ml. Two hundred microlitres of this cell
suspension were put into the cytospin cuvette hadslide holder was inserted into a
cytospin 2 centrifuge (Shandon Scientific). Samplese then cytospun at 1500rpm

for 5 minutes and fixed in methanol for 10 minutes.
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3.2.11.2 _Toluidine blue staining

Mast cells were stained using toluidine blue, ainstable to detect
metachromasia typical of mucins, cartilages andtnua$l granules. This stain

therefore specifically stains the cytoplasmic gtaswf mast cells in purple.

The protocol used to stain mast cells was takem fitee IHC World website

(http://lwww.ihcworld.com/ protocols/special stainsiidine blue.htih Mast cells,

either cytospun onto a microscopic slide (see @rapt2.11.1), or deparaffinised
microsections of embedded cells (obtained duriregpiteparation of the sample for
electron microscopy, see chapter 3.2.11.3.2), welhgdrated in water and stained
with the toluidine blue solution (0.1% (w/v) Toluné blue O (Sigma), 0.9% (w/v)
NaCl, 7% (v/v) ethanol, pH 2.3) for exactly 3 miesit Slides were then washed 3
times in distilled water, dehydrated once in 95%aabl and twice in 100% ethanol,
cleared in xylene and mounted with DPX Mountantsli@er). Slides were then
observed and pictured using an optic microscop®rjPequipped with a Coolpix

digital camera (Nikon).

3.2.11.3 _Electron microscopy

All the electron microscopy experiments were penfed by Stefan Hyman
and Natalie Allcock at the Electron Microscopy Ledtory, School of Biological
Sciences (University of Leicester). Different teicjues were used according to the

purpose of the study.

3.2.11.3.1 Ultrastructural observations
Fixing cells with a combination of glutaraldehydadaosmium tetroxide

allows good preservation of the tissue (becausgbeofjlutaraldehyde) and acts as an
electron stain (because of the osmium tetroxidgking it one of the best fixative

combinations to study the ultrastructure of cdlayat, 1981).

HMC-1 and LAD 2 cells, harvested as described iaptér 3.2.1, were spun
down at 250g for 5 minutes and washed twice in PBSr to being pelleted. An
amount of pelleted cells corresponding to approxetyathe 100ul graduation of an

Eppendorf tube was then sent to the Electron Meopg Laboratory.

There, cells were fixed in 2% glutaraldehyde-PBSIfdour. After 3 washes
in PBS, cells were post-fixed in 1% osmium tetrexPBS for 1 hour, thoroughly
washed with PBS and then embedded in warm 2% AB&:-Fhe agar was chilled to
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4°C and then cut into small cubes. These were tlehydrated by being passed
through an alcohol dehydration series (70%, 90%, H00% ethanol), washed twice
in propylene oxide and finally infiltrated with Spis epoxy resin (Spurr, 1969). The
resin-infiltrated samples were transferred to BEEMpsules (Agar Scientific,
Stansted, UK) and polymerised at 70°C for 16 hdarproduce a solid block for
ultrathin sectioning. The embedded cells were thah into ultrathin (70-90nm)
sections using either a Leica Ultracut S or Reichi#racut E ultramicrotome (Leica
Microsystems). Sections were collected onto coppesh electron microscope grid
(Athene, Agar Scientific), stained with 2% aqueawsnyl acetate followed by
Reynolds’ lead citrate (Reynolds, 1963). After waghand drying, the grids were
observed and recorded using a JEOL 1220 Transmig&dextron Microscope. Images
were digitally recorded at various magnificatiorsng a SIS Megaview Il Digital

Camera (Olympus-SIS).

3.2.11.3.2 Immunogold staining of cells
This technique gives less information about theasttucture of the cell, but

allows the localisation of protein using specifitibodies coupled with gold particles.

HMC-1 and LAD 2 cells, harvested as described iaptér 3.2.1, were spun
down at 2509 for 5 minutes and washed twice in BB& to be pelleted. An amount
of pelleted cells corresponding to approximately thOOul graduation on an
Eppendorf tube was then resuspended in 4% formalideRBS and sent to the

Electron Microscopy Laboratory.

There, cells were left to stand in the formaldehydkition for 1 hour, washed
3 times in PBS and embedded in warm 2% Agar-PB®. agar was chilled to 4°C
and then cut into small cubes. These were thendilated by being passed through an
alcohol dehydration series (70%, 90% and 100% ethaburing the dehydration, the
temperature was progressively lowered to reachGZithe 100% stage. The samples
were then infiltrated with Lowicryl KAM acrylic res (Polysciences, Agar Scientific)
as follows: 1:1 resin:ethanol, 2:1 resin:ethana &anally 100% Lowicryl K4M resin.
The samples were then loaded into gelatine capanl@$JV-polymerised at -35°C for
24 hours, followed by 48 hours at room temperatlitee embedded cells were then
cut into ultrathin (70-90nm) sections using eitlaeteica Ultracut E or a Reichert
Ultracut E ultramicrotome. Sections were collectedto gold mesh electron

microscope grid (Agar Scientific), and stored fommunostaining. Sections were
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blocked in 1% BSA-PBS-Tween 20, stained either wille mouse anti-human
properdin HYB 039-06 antibody (Antibody Shop) otlwihe FITC-labelled goat anti-
human properdin antibody (Nordic Immunology), balifuted 1:100 in 1% BSA-
PBS-Tween 20, washed in 1% BSA-PBS-Tween 20 andestagain either with an
anti-mouse 1gG antibody coupled with gold parti@@eitish Biocell, Cardiff, UK) or
an anti-goat IgG antibody coupled with gold paei@British Biocell) diluted 1:100 in
1% BSA-PBS-Tween 20. Sections stained only withgblel-labelled anti-mouse IgG
antibody without being previously incubated witle #nti-properdin antibody solution
were used as negative controls. Samples were thsrfiged in 0.5% glutaraldehyde-
PBS-Tween 20, rinsed in distilled deionised watet then stained with 2% aqueous
uranyl acetate, followed by Reynolds lead citrate €nhance the contrast). After
washing and drying, the grids were observed andrded using a JEOL 1220
Transmission Electron Microscope. Images were daligitrecorded at various

magnifications using a SIS Megaview llI digital cara (Olympus-SIS).

3.2.11.3.3 Negative staining
This technique allows the observation of the fileiture of a sample by

staining all around the particle of interest ratltgan the sample. This renders the
background electron dense as compared to the sathpke unveiling the sample in

“negative” contrast.

Three to five microlitres of the fractions extrattafter ultracentrifugation at
10,000g and 70,000g (and washing to remove angdraé phosphate salts) were
applied to the surface of a freshly glow-dischargathon-coated piotoform-covered
electron microscope grid. This was left for 2 tanbhutes to allow the sample to
adsorb onto the surface. Excess sample was thesveehirom the grid to only leave
a very thin layer. The grid was next covered witdrap of aqueous 1 to 2% uranyl
acetate, an electron opaque metal salt which wilec the grid, but will not interfere
with the sample, creating a contrast between thnepaand the background. This
solution should be applied and removed quickly.eAftemoving the excess stain,
samples were air-dried, observed and recorded enJEOL 1220 Transmission

Electron Microscope as described previously.
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3.2.11.3.4 Immunogold staining of vesicles
Different techniques were used to detect propeaditigens on 10,000g and

70,0009 fraction vesicles. Extra steps were addethé¢ negative staining method

previously explained (see chapter 3.2.11.3.3).

Briefly, after adsorption of the sample onto thédggrids were pre-fixed,
immersed into a blocking solution, rinsed in a waglsolution, incubated with the
mouse anti-human properdin antibody HYB 039-06 {#ady Shop) diluted 1:100
into the first antibody solution, rinsed in the Weng solution and finally stained with
the anti-mouse IgG antibody coupled with gold p#es (British Biocell) diluted
1:100 into the secondary antibody solution. The mosition of all the solutions just
mentioned is indicated in table 3-4. Grids staioaty with the gold-labelled anti-
mouse IgG antibody without being previously inceoatwith the anti-properdin

solution were used as negative controls.

Samples were then rinsed once in 1% BSA-PBS, ttinees in PBS, post-
fixed in 0.5% glutaraldehyde-PBS and finally ringedlouble distilled HO before to
be stained with 2% uranyl acetate/Reynolds leadteitas previously described (see
chapter 3.2.11.3.3).

Experiment 1 2 3 4 5
. 10% formal
Pre-fixation None None None None saline
. 0 - 0 - .
Blocking | 1% BSA-0.1%| 1% BSA-0.1%| %)2/.‘; BSA . %,2/% BSA- | .029% Triton
lution | Tween 20-PBS Tween 20-pBg 0:92% Triton | 0.02% Triton | "5 55 pgg
SO X100-PBS | X100-PBS
St i . 1ol 1% BSA-
1 Sﬁm't?oondy 26 B0 1% 0.02% Triton | 1% BSA-PBS| 1% BSAPBS 1% BSA-PB
3 X100-PBS
Washing | 1% BSA-0.1%| 1% BSA-0.1%| ., . 4
colution | Tween 20-PB Tween 20.PBg 1% BSAPBS| 1% BSA-PBY 1% BSA-PB
2" antibody | 1% BSA-0.1%)| 1% BSA-0.1%| ., . d
solution | Tween 20-PBA Tween 20-pag 1% BSA-PBS| 1% BSAPBS 1% BSA-PB
Size of t_he 15nm 15nm 15nm 5nm 15nm
gold particle

Table 3-4: Conditions used to detect

particles.

properdin on 10,000g &@00g-fraction
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3.2.11.4 Immunohistochemistry

3.2.11.4.1 Paraffin embedding
This work was done by Irina Elliott (University Geicester). Tissue samples

were immersed in a 10% formal saline solution imiatedly after dissection and left
in the fridge until further treatment. Tissues waext dehydrated using the Citadel
2000 tissue processor (Shandon): samples were ifiietersed into successive
solutions of IMS (with an increasing percentagelMft), then into a chloroform

solution and finally into some polywax (TCS Bioswes, Buckingham, UK).

Paraffin blocks were then cut into 4um-thick sewticusing a microtome
(Leitz Wetzlar). Sections were then immersed in@tnd picked up on a microscope
slide (Histobond, Lamb) and slides were stored slide box at room temperature

until further use.

3.2.11.4.2 Blood smear preparation
One droplet of human blood freshly collected frorhealthy adult volunteer

was applied on top of a microscopic slide (Histahdramb). Blood was then evenly
distributed on the slide using the slide of anottmécroscope slide by applying low

pressure and finally left to dry on the bench.

3.2.11.4.3 Immunostaining
Slides containing cytospun cells or human blood asnveere left to dry at

room temperature for 30 minutes prior to be fixed I0 minutes in methanol. The
protocol described in chapter 2.1.7.2 was theroda#ld using the FITC-labelled goat

anti-human properdin antibody (Nordic Immunology).

Paraffin-embedded sections of mouse ear skin wepardffinised in xylene
(Fisher) for 10 minutes and rehydrated by being @rsad into successive IMS
solutions (twice in 100% IMS and once in 95% IMSminutes each) and finally
rinsed under running tap water for 5 minutes anifiebed in 1x TBS for 10 minutes.
Slides were then treated with 1x trypsin (Sigmarishi) at 37°C for 20 minutes to
digest any putative protein crosslinking formed idlgirthe formal saline fixation.
Next, the slides were rinsed under running tap wate20 minutes and the protocol
described in chapter 2.1.7.2 was followed (ignoriimg methanol fixing step), using

the FITC-labelled goat anti-human properdin antib@dordic Immunology).
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3.3 Results

The aim of this part of my work was to investigattether mast cells,
auxiliary cells of the immune system, produce prdjpe As explained in chapter
3.1.1.5, HMC-1 and LAD 2 cells were the two masil tees used in this study.
However due to their slow doubling rate (2 to 3 k®eLAD 2 cells were only used

in some of the following experiments.

3.3.1 Identification of the mast cell lines

Before looking at properdin production by mastgédlfirst verified the purity
of the two mast cell lines used in this study. BetlhIC-1 and LAD 2 cells were
regularly stained with toluidine blue (see cha@&.11.2), a mast cell-specific stain,
and observed by light microscopy to ensure the lyemeity of the cell culture. As
seen on figure 3-4, both HMC-1 and LAD 2 cell p@tigdns were homogeneous and
all the cells presented numerous purple granukadertheir cytoplasm after toluidine
blue staining.

Flow cytometry analyses were performed only on HMCells using a mast
cell-specific anti-tryptase antibody (see chapt@.1®.1). The data obtained showed
one population of tryptase-positive cells, as etgbqfigure 3-5) (Nilsson et al.,
1994).

Both HMC-1 and LAD 2 cells were next fixed usingtiboosmium and
glutaraldehyde treatment to preserve their ultwasire, and their morphology was
examined using transmission electron microscopyM)'Eee chapter 3.2.11.3.1). As
previously described in the literature, HMC-1 cedigpeared to be 10-15um ovoid
cells with a large nucleus, few electron dense e, lots of mitochondria and some
lipid bodies (figure 3-6A), while LAD 2 cells werrcular cells (10-15um diameter)
with a large nucleus, numerous cytoplasmic propasti lots of mitochondria and
granules (figure 3-6B) (Grutzkau et al., 1997; Kesbaum et al., 2003). It is worth
mentioning the granules found inside the cytoplagnhAD 2 cells did not appear

electron dense.
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Figure 3-4: Representative pictures of sections of paraffin-etded mast cells
stained with Toluidine blue. A: HMC-1 cells, B: LAD cells. Original magnification
x10.
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Figure 3-5: Flow cytometric analysis on HMC-1 cells. Repreaé@mé histogram of
these cells after staining with the mouse anti-huitngptase antibody (blue) and its
isotype control (red). The detection of both andiles was done via the use of goat
anti-mouse 1gG PE-labelled.
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Figure 3-6: Representatives transmission electron micrograpbsth mast cell lines
that have been fixed using a glutaraldehyde-osntetoxide solution. A: HMC-1
cells; B: LAD 2 cells. N: nucleus; G: electron-dergranules; V: non-electron dense

vesicles; M: mitochondria; L: lipid bodies; *: cyilasmic extensions.
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3.3.2 Properdin expression in mast cells

To investigate whether properdin was expressed astmells, RNAs were
isolated and purified from both HMC-1 and LAD 2lsednd these RNAs were used
as templates to synthesise single-stranded cDNées ¢hapter 3.2.4.1). PCRs were
then performed using these freshly-synthesised cOBiAd a pair of primers specific
for the human properdin gene as described in ch&p2e4.2.1. These primers called
“HumPN” were designed to obtain a PCR product thaluded the all ORF of the
human properdin gene (table 2-1). Human properdifi @as a length of 1410bp and
the PCR product obtained using these primers wasated to be 1451bp long.

As shown on figure 3-7, a band with the expectett 9f 1451bp was
visualised on the 0.8% agarose gel for both HM@afig 1) and LAD 2 cells (lane 3).
In order to confirm the identity of the productx sithers PCRs were performed using
exactly the same conditions as previously but bggusnly the HMC-1 cDNA as a
template. These PCR reactions were run into anoagagel, the PCR products
obtained at 1451bp were all excised from the gablgul together, and the DNA was
extracted from the gel using the Sephaglas BandRitefsee chapter 2.1.5.1). The
DNA concentration was estimated and this 1451bgnfient was cloned into a
PGEM-T easy vector (see chapter 2.1.5.4). The pthsitained was then used to
transform Top 10F competent cells (see chaptebZ)and the transformed bacteria
were plated onto LB agar plates supplemented witpiallin, X-Gal and IPTG. Six
white single colonies were selected, picked upwviddially and grown overnight
before to be submitted to a plasmid extraction ¢begpter 2.1.5.6). This was followed
by a screening of the plasmid by restriction digeshgEcoRI (see chapter 2.1.5.7).
Bioinformatics analysis using Gene Tool Lite 1.@wkd that two restriction sites for
EcoRI were present on the vector but none on the indsrbbserved on figure 3-8A,
one out of the six plasmids digested BgoRI (lane 4) gave the two expected
fragments of 3000bp (linearised PGEM-T easy vecamj 1469bp (properdin ORF
insert), suggesting that the properdin fragment wascessfully inserted into the
plasmid for this sample. This plasmid was then dttbchto more restriction digests
using three different restriction enzymesEeoRI, Kpnl and Pstl — to confirm the
identity of its insert before sequencing. Bioinfaas analyses showed that the
PGEM-T easy vector possessed no restriction sit&al and one foPstl, while the
properdin insert possessed one restriction sitédtn Kpnl and Pstl. Therefore, after
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restriction digest, one band was expected to bealiged forKpnl, and two for both
Pstl and EcoRI. As seen on figure 3-8BEcoRI cut again the plasmid into the two
expected fragments of 3000bp and 1469bp (lanefigr Aestriction digest withpnl,

a single band with a size of approximately 5500l@s wbserved (lane 2). However,
PGEM-T easy vector containing the properdin inséduld have a size of 4469bp.
The product obtained usiri{pnl actually had the apparent size of the non-lirseati
plasmid (data not shown). Further tries to lineatfise plasmid using this specific
restriction enzyme all failed. Concernifgtl, the expected 4289bp fragment was
clearly present, whereas the 180bp fragment wasl\barsible, probably due to its
small size (lane 3). All these results taken togetonfirmed that the insert carried by
the plasmid was of the expected size of 1451bps plasmid was finally sent for
sequencing to PNACL to confirm the identity of imsert (see chapter 2.1.5.8). This
was done using primers specific for both the T7 e SP6 promoter regions that
flanked the insert region of the PGEM T-easy veclbe sequence obtained using the
T7 promoter primer and the complementary sequehd¢keoone obtained using the
SP6 promoter primer were then aligned with the kmeequence of the Homo sapiens
complement factor properdin mRNA (EMBL accessiomber: NM_002621) using
the multi-align editor function of the Gene Tootd.iL.0 software (figure 3-9).

From the 957bp of the insert sequenced using thprdimoter primer, 875bp
matched the human properdin sequence. However,f 3Beobases which did not
match the properdin sequence were “no call” (megthey could not be identified by
the sequencer) and were found at the very end eoséiyuence, way after the first
500bp of best quality sequence (see note in chahted.l). Thus 97% of the
identified nucleotides sequenced from the T7 pr@emeite side matched the human
properdin sequence. The sequence obtained usingRBeromoter primer, as for it,
showed 93% identity with the human properdin gemeen excluding the abundant
“no call” observed at the very end of the sequeddaus, more than 95% of the
identified bases of my insert were identical to seguence of the human properdin
gene. These results taken together therefore shdesdthe product previously
obtained by RT-PCR using cDNA extracted from HMCells was indeed properdin
and strongly suggested that the one observed éocAD 2 cell line was properdin as

well.
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1451bp

Figure 3-7: Representation of the PCR products obtained usit oell cDNA and
the HUmPN primers pair after migration into a 0.8%arose gel. Lane 1: using
HMC-1 cell cDNA, lane 2: using LAD 2 cell cDNA. lbenchtop 1kb DNA ladder
(Promega).

Figure 3-8: Representation of the products obtained aftericéisin digest run into a
1% agarose gel. A: Restriction digests BgoRI of the plasmids extracted from
TopF10’ cells transformed with the PCR product ofa#d using HMC-1 cell cDNA
and the HumPN primers pair. L: Benchtop 1kb DNAded lane 1, 2, 3, 4, 5, 6:
different clones; B: Restriction digests of the ndo4 by 3 different restriction
enzymes. L: Benchtop 1kb DNA ladder, lane 1: udiiogRI, lane 2: usingKpnl and
lane 3: usingPstl restriction enzyme.
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A

Consensus  ATGATCACAG AGGGAGCGCA ----C-T--A ---TG-TGCT GCCGCCGCTG CTCCTGCTGC
Properdin ATGATCACAG AGGGAGCGCA GGCCCCTCGA ---TGTTGCT GCCGCCGCTG CTCCTGCTGC 300
Insert T7 ATGATCACAG AGGGAGCGCA CCTNCTTNAA AANTGNTGCT GCCGCCGCTG CTCCTGCTGC 60

Consensus  TCACCC---- A---ACAGGC TCAGACCCCG TGCTCTGCTT CACCCAGTAT GAAGAATCCT
Properdin TCACCCTGCC AGCCACAGGC TCAGACCCCG TGCTCTGCTT CACCCAGTAT GAAGAATCCT 360
Insert T7 TCACCCNTTN AAAAACAGGC TCAGACCCCG TGCTCTGCTT CACCCAGTAT GAAGAATCCT 120

Consensus  CCGGCAAGTG CAAGGGCCTC CT--GGGG-G GTGTCAGCGT GGAAGACTGC TGTCTCAACA
Properdin CCGGCAAGTG CAAGGGCCTC CTGGGGGGTG GTGTCAGCGT GGAAGACTGC TGTCTCAACA 420
Insert T7 CCGGCAAGTG CAAGGGCCTC CTNCGGGGNG GTGTCAGCGT GGAAGACTGC TGTCTCAACA 180

Consensus  CTGCCTTTGC CTACCAGAAA CGTAGTGGTG GGCTCTGTCA GCCTTGCAGG TCCCCACGAT
Properdin CTGCCTTTGC CTACCAGAAA CGTAGTGGTG GGCTCTGTCA GCCTTGCAGG TCCCCACGAT 480
Insert T7 CTGCCTTTGC CTACCAGAAA CGTAGTGGTG GGCTCTGTCA GCCTTGCAGG TCCCCACGAT 240

Consensus  GGTCCCTGTG GTCCACATGG GCCCCCTGTT CGGTGACGTG CTCTGAGGGC TCCCAGCTGC
Properdin GGTCCCTGTG GTCCACATGG GCCCCCTGTT CGGTGACGTG CTCTGAGGGC TCCCAGCTGC 540
Insert T7 GGTCCCTGTG GTCCACATGG GCCCCCTGTT CGGTGACGTG CTCTGAGGGC TCCCAGCTGC 300

Consensus  GGTACCGGCG CTGTGTGGGC TGGAATGGGC AGTGCTCTGG AAAGGTGGCA CCTGGGACCC
Properdin GGTACCGGCG CTGTGTGGGC TGGAATGGGC AGTGCTCTGG AAAGGTGGCA CCTGGGACCC 600
Insert T7 GGTACCGGCG CTGTGTGGGC TGGAATGGGC AGTGCTCTGG AAAGGTGGCA CCTGGGACCC 360

Consensus  TGGAGTGGCA GCTCCAGGCC TGTGAGGACC AGCAGTGCTG TCCTGAGATG GGCGGCTGGT
Properdin TGGAGTGGCA GCTCCAGGCC TGTGAGGACC AGCAGTGCTG TCCTGAGATG GGCGGCTGGT 660
Insert T7 TGGAGTGGCA GCTCCAGGCC TGTGAGGACC AGCAGTGCTG TCCTGAGATG GGCGGCTGGT 420

Consensus  CTGGCTGGGG GCCCTGGGAG CCTTGCTCTG TCACCTGCTC CAAAGGGACC CGGACCCGCA
Properdin CTGGCTGGGG GCCCTGGGAG CCTTGCTCTG TCACCTGCTC CAAAGGGACC CGGACCCGCA 720
Insert T7 CTGGCTGGGG GCCCTGGGAG CCTTGCTCTG TCACCTGCTC CAAAGGGACC CGGACCCGCA 480

Consensus  GGCGAGCCTG TAATCACCCT GCTCCCAAGT GTGGGGGCCA CTGCCCAGGA CAGGCACAGG
Properdin GGCGAGCCTG TAATCACCCT GCTCCCAAGT GTGGGGGCCA CTGCCCAGGA CAGGCACAGG 780
Insert T7 GGCGAGCCTG TAATCACCCT GCTCCCAAGT GTGGGGGCCA CTGCCCAGGA CAGGCACAGG 540

Consensus  AATCAGAGGC CTGTGACACC CAGCAGGTCT GCCCCACACA CGGGGCCTGG GCCACCTGGG
Properdin AATCAGAGGC CTGTGACACC CAGCAGGTCT GCCCCACACA CGGGGCCTGG GCCACCTGGG 840
Insert T7 AATCAGAGGC CTGTGACACC CAGCAGGTCT GCCCCACACA CGGGGCCTGG GCCACCTGGG 600

Consensus  GCCCCTGGAC CCCCTGCTCA GCCTCCTGCC ACGGTGGACC CCACGAACCT AA-GAGACAC
Properdin GCCCCTGGAC CCCCTGCTCA GCCTCCTGCC ACGGTGGACC CCACGAACCT AAGGAGACAC 900
Insert T7 GCCCCTGGAC CCCCTGCTCA GCCTCCTGCC ACGGTGGACC CCACGAACCT AANGAGACAC 660

Consensus  -AAGCCGCAA GTGTTCTGCA CCTGAGC-CT CCCA-AAACC -CCTGGGAAG CCCTG-CCGG
Properdin GAAGCCGCAA GTGTTCTGCA CCTGAGCCCT CCCAGAAACC TCCTGGGAAG CCCTGCCCGG 960
Insert T7 NAAGCCGCAA GTGTTCTGCA CCTGAGCTCT CCCANAAACC NCCTGGGAAG CCCTGNCCGG 720

Consensus  GGCTAGCCTA CGA-CAGCGG A-GTGCACCG GCCTGCCACC CTGCCCAGTG GCTGGGGG-C
Properdin GGCTAGCCTA CGAGCAGCGG AGGTGCACCG GCCTGCCACC CTGCCCAGTG GCTGGGGG-C 1019
Insert T7 GGCTAGCCTA CGANCAGCGG ANGTGCACCG GCCTGCCACC CTGCCCAGTG GCTGGGGGLC 780

Consensus  TGGGGG-CCT TGGGGCCCTG -GA-CCCCTG CCCTG-GACC TG-GG-C-GG G-CA-A-CA
Properdin TGGGGG-CCT TGGGGCCCTG TGAGCCCCTG CCCTGTGACC TGTGGCCTGG GCCAGACCAT 1078
Insert T7 TGGGGGNCCT TGGGGCCCTG NGANCCCCTG CCCTGNGACC TGGGGNCNGG GNCANANCA- 839

Consensus  GGAACAA-GG A-G-GCAATC ACCC-G-GCC CCA--A-GGG GG-CCC-T-- G-G--GG-G
Properdin GGAACAACGG ACGTGCAATC ACCCTGTGCC CCAGCATGGG GGCCCCTTCT GTGCTGGCG- 1137
Insert T7 GGAACAANGG ANGNGCAATC ACCCNGGGCC CCANNANGGG GGNCCCNTNN GGGGNGGGGL 899

Consensus  A-G-C-CCCG G--CC--A-- -G-AA-A--- --G--CCC-G -CC-G-G-A- GGGGAG-GGG
Properdin ATGCCACCCG GACCCACATC TGCAACACAG CTGTGCCCTG CCCTGTGGAT GGGGAGTGGG 1197
Insert T7 ANGNCNCCCG GNACCNNANN NGNAAAAANN NNGGNCCCNG NCCGGGGAAG GGGGAGGGGG 959
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B

Consensus  --AAACCTTC CAGTCCCCCG AGTCTCACCT CCTCTCTTCA C----TC--G GAGAAGGAGT
Properdin CCAAACCTTC CAGTCCCCCG AGTCTCACCT CCTCTCTTCA CAATCTCAAG GAGAAGGAGT 1634
Insert SP6 NAAAACCTTC CAGTCCCCCG AGTCTCACCT CCTCTCTTCA CNNNATCNNG GAGAAGGAGT 60

Consensus  CCCAGAAACG TTCGTCCGTG CACATCTGTA CCAGCAAAGA GGAGGTGGTG GTCGAAGACG
Properdin CCCAGAAACG TTCGTCCGTG CACATCTGTA CCAGCAAAGA GGAGGTGGTG GTCGAAGACG 1574
Insert SP6 CCCAGAAACG TTCGTCCGTG CACATCTGTA CCAGCAAAGA GGAGGTGGTG GTCGAAGACG 120

Consensus  GGAACATCGA GGAGTGTGGC ACCGTCGCCA GAGGGGGTCT TCCAGTG-AA GAAGAGCGGG
Properdin GGAACATCGA GGAGTGTGGC ACCGTCGCCA GAGGGGGTCT TCCAGTGCAA GAAGAGCGGG 1514
Insert SP6 GGAACATCGA GGAGTGTGGC ACCGTCGCCA GAGGGGGTCT TCCAGTGTAA GAAGAGCGGG 180

Consensus  ACTGGAAGCT GGTACCTTTG CCACCCGCCC ATGAACCCCT CGTTCCCACA CGTCTCCGCG
Properdin ACTGGAAGCT GGTACCTTTG CCACCCGCCC ATGAACCCCT CGTTCCCACA CGTCTCCGCG 1454
Insert SP6 ACTGGAAGCT GGTACCTTTG CCACCCGCCC ATGAACCCCT CGTTCCCACA CGTCTCCGCG 240

Consensus  ACCGCCCGTG CCCATCCTAA TCCAGGTGTC CCCCCGTACG -GT-GGGGGT CCATGAGGTG
Properdin ACCGCCCGTG CCCATCCTAA TCCAGGTGTC CCCCCGTACG TGTCGGGGGT CCATGAGGTG 1394
Insert SP6 ACCGCCCGTG CCCATCCTAA TCCAGGTGTC CCCCCGTACG CGTNGGGGGT CCATGAGGTG 300

Consensus  AGACTGGTAC TAGGAAAGTT CCCCGTCACG ACCTACGACA TCGTCACG-C CTATAGGACG
Properdin AGACTGGTAC TAGGAAAGTT CCCCGTCACG ACCTACGACA TCGTCACGGC CTATAGGACG 1334
Insert SP6 AGACTGGTAC TAGGAAAGTT CCCCGTCACG ACCTACGACA TCGTCACGNC CTATAGGACG 360

Consensus  ACAACGGGCC -TGTAGCTAC AGG-A-TTT- AAC-- CG-G GGAC-T-CAG GAGGG---C-
Properdin ACAACGGGCC GTGTAGCTAC AGGCAGTTTG AACGC-CG-G GGACGTCCAG GAGGG-CGCA 1277
Insert SP6 ACAACGGGCC NTGTAGCTAC AGGTAATTTN AACNNTCGNG GGACNTTCAG GAGGGGNNCN 420

Consensus CTG-CGAC-- GGG CCTAAA G-AACT--TC GA-CT-C CT GA AGT ACA A-GG-A---C
Properdin CTGACGACC- GGGCCCTAAA G-AACTG-TC GA-CTAC-CT GA-AGT-ACA A-GGCA--GC 1227
Insert SP6 CTGNCGACNN GGGNCCTAAA GNAACTNNTC GANCTTCTCT GANAGTCACA ANGGNATINC 480

Consensus CT-TGTC--- CGA-GT-AGG GGG- TGCT- AG-GT G- - G-G--A-G-- -CCC-T---C
Properdin CTATGTCC-C CGAGGTGAGG GGGG-TGCTC AGGGT-G--A GGGGTAGGTG TCCCGTC-CC 1173
Insert SP6 CTNTGTCNIN CGANGTNAGG GGGNATGCTN AGTGTIGTTN GNGNNANGCN NCCCCTNTNC 540

Consensus  --GT--A--- - C- CTA-- ------
Properdin GTGTCGACAC AACGTCTACA CCCAGG 1147
Insert SP6 NNGTTNATGN N-CN-CTATN NNNNTN 564

Figure 3-9: Comparaison of the sequence of the cloned insame (3) sequenced
from the T7 promoter site (A) and the SP6 promsiir (B) with the sequence of the
human complement factor properdin mRNA (EMBL acmessumber NM_002621)
(lane 2). The consensus sequence (lane 1) waswctest from the alignment of the
reference sequence (lane 2) with the sequencesdfltimed insert (lane 3) using the
multi-align editor function of the Gene Tool Lit@lsoftware. Identities between both
sequences are represented in black, mismatchesljmo call bases in blue, gap in
green. Lane 1: consensus sequence, lane 2: promaquence, lane 3: cloned insert
sequence. A: Adenine, C: Cytosine, G: Guanine,hlyniine, N: No call.
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3.3.3 Effect of different stimuli on properdin synhesis by mast cells

After proving properdin was expressed by both HM@rd LAD 2 cells, |
then studied the regulation of properdin expressiod synthesis by HMC-1 cells

upon stimulation by different molecules.

3.33.1 At a molecular level

To study the regulation of properdin expression HMC-1 cells upon

stimulation at a transcriptional level, a real-tiP€R technique had to be developed.

3.3.3.1.1 Optimisation of the real-time PCR
According to the manufacturer's instructions, smathplicons (less than

800bp) were needed in order to perform real-timeR®CTwo pairs of specific
primers, chosen to anneal small regions of the Inupraperdin gene containing an
intron (to ensure no DNA contamination would inézef with the quantification of the
gene), were designed. These pairs of primers ndkh@thPNsh1l” and “HumPNsh2”
were then tested by RT-PCR using the conditionsrdexi in chapter 3.2.4.2.2 (table
2-1). One PCR product obtained using HumPNsh1l psraed HMC-1 cDNA as a
template had the expected size of 451bp on an sgaye (figure 3-10B). However,
primer dimers were visualised as well. Despite uke of different concentration of
MgClI, in the PCR master mix, the formation of these prirdimers could not be
prevented (figure 3-10B). Three amplicons were alised on the agarose gel when
the PCR was performed using HumPNsh2 primers, diveguione of the expected size
of 220bp and one corresponding to primer dimerse(l8, figure 3-10C). The
amplicon of the expected size disappeared whenerdiit concentrations of

magnesium chlorate were used (figure 3-10C).

| hypothesised that the formation of unexpectedheridimers for both pairs
of primers was due to some cross-reactions betweetwo primers of a same pair.
As no primer dimer formation could be allowed ialréme PCR, two other pairs of
primers were tested: “HUmPNsh3” and “HumPNsh4”. ilRNsh3” is composed in
fact the forward primer of “HumPNshl1” and the reseeprimer of “HUmPNsh2”,
whereas “HumPNsh4” consists of the forward primér‘ldumPNsh2” with the
reverse primer of “HumPNsh1”. Using these two neaw$ of primers with low
concentration of MgGlin the PCR master mix, PCR products of the explesitees of
respectively 451bp and 311bp were visualised oagamnose gel (lane 1, figure 3-10A
and lane 2, figure 3-10D). As no extra band waenesl on the agarose gel in these
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specific conditions, these two new pairs of primzysld therefore potentially be used
in real-time PCR. As shorter amplicons were ob@imngth “HumPNsh4” primers,
this pair of primers was chosen for all the furtheal-time PCR experiments. The
PCR conditions for “HumPNsh4” primers were then imged: an annealing
temperature of 60°C and an MgCtoncentration of 1.5mM were found to be

optimum.

HumGAPDH and MouGAPDH primers, specific for the tammand for the
mouse housekeeping gene GAPDH, respectively, when ttested by PCR.
Amplicons of the expected sizes of respectivelybp4@nd 180bp were observed
using the recommended annealing temperature of 53i@ an added Mggl
concentration of 1.5mM (Guo et al., 2002; Zhang ksel, 2004).

3.3.3.1.2 Results
HMC-1 cells were either grown under normal condisicor stimulated by

different cytokines (TNB, TGH3, IL-1[3, IFNy, GM-CSF) or LPS (see chapter 3.2.2).
RNAs were extracted from cells cultivated for 24itsounder each of these conditions
and cDNAs were synthesised as previously desciibee chapter 3.2.4.1). Using the
real-time PCR technique previously developed ($empter 3.2.6), the expression of
the properdin gene was then quantified and comp#wethe expression of the

housekeeping gene GAPDH. The relative expressitairad for the properdin gene
for each sample was divided by the one obtainedHerGAPDH gene and results
were expressed as percentage. Thétimulated HMC-1 cells sample was given
the arbitrary value of 100. The expression ratiogined are summarised in figure 3-
11. A problem occurred during the RNA extractionttod unstimulated HMC-1 cells

in the second experiment, while properdin express@ LPS-stimulated HMC-1

cells was not assessed in the first experimentaexpg the lack of data for these two

particular samples.

As seen on figure 3-11, no significant differeneegoroperdin expression was

observed between unstimulated and stimulated HMEHE (p=0.705).
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Figure 3-10: Representation of the PCR products obtained udMg-1 cells cDNA
after migration on a 1.5% agarose gel. The pairpamers used were A:
“HumPNsh3”; B: “HumPNsh1”; C: “HumPNsh2” and D: “WPNsh4”. For each
figures, the concentration of MgChdded to the PCR master mix was: lane 1:
0.5mM; lane 2: 1.5mM; lane 3: 2.5mM; lane 4: 4.5navid lane 5: 5.5mM; L:
benchtop PCR markers (Promega).
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1,549 —

1,25 —

0,757

0,51
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Control GM-CSF IFN gamma IL-1 beta TGFbeta TNFbeta LPS

Figure 3-11: Analysis of the real-time PCR results showing prdm expression by
stimulated HMC-1 cells. Properdin levels were meady dividing the normalised
expression value obtained for the GAPDH gene bynitrenalised expression value
obtained for the properdin gene. The IB-dtimulated samples have been given
arbitrary the value of 1AU. In blue, results of firet experiment; in purple, results of
the second experiment; in cream: results of thel thkperiment; red bars: means of
the three experiments. One single real-time PCRaaased out each time. p=0.705
[Kruskal-Wallis test].
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3.3.3.2 At a protein level

The effect of these molecules on properdin reldasenast cells was then
investigated. The concentration of properdin preserthe supernatant of different

HMC-1 cell cultures after stimulation was therefassessed by Western blot,.

As explained in chapter 3.2.2, cell culture medeexcollected 24 hours after
stimulation and concentrated by centrifugation digio a protein cutting membrane.
The amount of total proteins in these enriched swgiants was measured, adjusted
(see chapter 3.2.7.1) and analysed by Westernusiog a polyclonal rabbit anti-
human properdin antibody and a HRP-labelled godtrahbit IgG (see chapter
3.2.8).

Figure 3-12 shows representative X-ray films of ttiewee stimulation
experiments performed. On figure 3-12A, the expk&@KDa band corresponding to
a monomer of properdin was observed on the film dibrbut the non-stimulated
HMC-1 cell sample. The intensity of this band waghkr for both IFly and TNIB-
stimulated HMC-1 cell samples than it was for thbeos samples. However, as
observed on figure 3-12B, in the two subsequentenxents performed, the signal
detected at the expected size of 53KDa became rfaalk, even with longer exposure
of the X-ray film. Moreover, for each sample, timensity of the 53KDa band was
different within the three independent experimemtd, in the two last experiments, in
addition to the loss of intensity of the 53KDa baedtra bands of high molecular
weights reactive with the polyclonal antibody wernsualised on the X-ray film
(figure 3-12B). It is worth mentioning that for te&periment corresponding to figure
3-12A, red Ponceau staining of the membrane wasttagly not performed, meaning
there was no evidence that the same amount of ipretas transferred to the
membrane for each sample for this specific expartmé was therefore not possible

to compare the concentration of properdin presetiie different samples.
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Figure 3-12: Western blot analysis of the cell media of culsucd HMC-1 cells
stimulated for 24 hours by various molecules. Theection of properdin was done
using a rabbit anti-human properdin antibody fokaoWby the use of the HRP-labelled
goat anti-rabbit IgG. X-ray films shown are reprasgéives of A: one out of the three
experiments performed; B: the two others experisidrdne 1: Non-stimulated cells;
lane 2: GM-CSF-stimulated cells; lane 3: N-8timulated cells; lane 4: ILBE
stimulated cells; lane 5: T@Fstimulated cells; lane 6: TNBFstimulated cells.
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3.3.4 Localisation of properdin on mast cells

After looking at properdin secretion by HMC-1 cellader the influence of
different stimuli, my work focused on the localisat of properdin inside mast cell
and | investigated the putative storage compartrofeptoperdin in mast cells.

Flow cytometry, a technique that allows the detectof specific antigen
present on the surface of cells, was used to atseggesence of properdin antigen on
the surface of mast cells (Wirthmueller et al., 299Mast cells were specifically
stained using a mouse anti-human properdin antilzodly detected via the use of a
Phycoerythrin (PE)-conjugated rat anti-mouse Ig@bady (see chapter 3.2.10.1).
Flow cytometry was performed as well on three othell lines — namely the
myelomonocytic cell line HL-60, the myelogenouskiemnia cell line K562 and T cell
line Jurkat — that are more or less known to exgppesperdin (both HL-60 and Jurkat
cells synthesis and secrete properdin, while pabpezxpression by K562 has never
been reported in the literature (Farries and Atkinsl989; Schwaeble et al., 1993;
Schwaeble et al., 1994)). The results obtainedhese three controls were compared
to the one obtained for HMC-1 and LAD 2 cells.

As seen on the figures 3-13A and 3-13B, a fluonetssignal was detected on
the surface of both mast cell lines. The intensitthis signal was higher than the one
obtained using the appropriate isotype control: HM@resented a geometric MFI
(Mean Fluorescence Intensity) 1.36 fold higher fooperdin than for its isotype
control, while LAD 2 cells had a geometric MFI Iddd higher for properdin than for
its isotype control. No shift of the fluorescenognal was detected for Jurkat (figure
3-13C) and for K562 cells (figure 3-13D) comparedHeir isotype controls, whereas
HL-60 cells had a positive shift compared to itstype control (geometric MFI of
HL-60 1.9 fold higher for properdin than for thetgpe; figure 3-13E).

The presence of properdin inside the cell was &urthvestigated, still using
flow cytometry, but this time cells were first pezabilised. Different treatments were
applied to the cells in order to permeabilise th@ms listed in chapter 3.2.10.2).
However, a same pattern was obtained whetherwells treated with saponin or with
a commercial detergent solution: no properdin digres detected inside HMC-1 cells
as illustrated by the fact that more fluorescenas wbserved on cells stained with the
isotype control than on cells stained with properdi histogramm representative of
the results obtained using the three different paimisation treatment is shown on
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figure 3-13F. The loss of the fluorescent signal germeabilised cells compared to
non-treated cells suggested that properdin wasstwed inside the mast cell's

intracellular compartment.

To confirm this interpretation, microscopic anab/sef mast cells were
performed. For this purpose, HMC-1 and LAD 2 celxe fixed in formaldehyde and
embedded in agar. Ultrathin sections of embedddld weere then stained with a
mouse anti-human properdin antibody and with amuse IgG coupled to gold
particles and examined by electron microscopy. IAstrated on figures 3-14 and
3-15, gold particles were only detected around ayteplasmic membrane of both
HMC-1 and LAD 2 cells. No antigen-antibody complesas observed inside the
cytoplasm of both cell lines confirming the flowtagnetric result. In the vicinity of
the cell membrane, properdin was seen to be preset in clusters of two to eight
molecules attached to cytoplasmic extensions @sjclor alone dispersed all around
the cell surface of both mast cell lines (smalbafy. A similar pattern was obtained

with the polyclonal goat anti-human properdin aodiyp (data not shown).

The availability of this new polyclonal FITC-labetl goat anti-human
properdin antibody on the market allowed investigatfurther the localisation of
properdin in mast cells. This same antibody wasipusly used to characterise
properdin localisation on mouse spleen sections ¢bapter 2.1.7.2). In addition to
mast cells, immunofluorescence analyses were peeidron human blood smears
(peripheral blood T cells have been shown to switleeand secrete properdin while
peripheral blood granulocytes have been showndeeteproperdin (Schwaeble et al.,
1993; Wirthmueller et al., 1997)). Slides contaghoytospun HMC-1 cells or human
blood smears were stained with the FITC-labelleat @mti-human properdin antibody
as described in chapter 3.2.11.4.3 and observeer anfluorescence microscope. The
use of the Vectashield Hard Set mounting mediumh witAPI allowed the
visualisation of the cell nuclei as DAPI emits atvavelength of about 460nm when
bound to double-stranded DNA (manufacturer datdyhde therefore helped to
identify the different cell types present in bloatcording to their nuclear
morphology. As shown on figure 3-16A, red blood Iselgranulocytes and
lymphocytes could easily be differentiated: redoblaell were DAPI-negative due to
the absence of nucleus in these cells, whereasulgmames nuclei appeared

multilobed and lymphocytes presented a round-shapetbus. As expected, positive
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properdin signals were observed inside the cytopla$ granulocytes, while no
signals were seen for both red blood cells and houoptes (see figure 3-16B).

Concerning HMC-1 cells, a weak signal was obserattdaround the cell
surface and positive fluorescent signals were seemvell close to the cell nuclei
(figure 3-17). However, the experiment did not allgeeing clearly whether the signal
seen close to the nuclei came actually from ingheecell or was due to the detection
of properdin on top of the cell. Bright green spfdpen arrows) corresponding to
non-specific binding of the FITC antibody to ba@esind/or dust particles deposited
on top of the slides were visualised, but couldlgaen differentiated from specific
staining under the microscope. It is worth mentgnihat due to time restriction this
experiment was performed only once and more exmatsnwould need to be
conducted. It is important to note that the fluosrge intensity of the signal detected

in mast cells was lower than the one observedeargthnulocytes.

Next, the localisation of properdin on murine tesdiased mast cells was
assessed, still using immunofluorescence. Paraffinedded sections of mouse ear
skin, a tissue expressing plenty of mast cells,ewmased as good quality frozen
sections of this tissue could not been obtainedtdube texture of the tissue. These
sections of paraffin-embedded mouse ear skin westeifivestigated for the presence
of mast cells using the mast cell-specific stairtilgidine blue (see chapter 3.2.11.2).
As seen on figure 3-18A, toluidine blue-positivdlsgresenting numerous purple
granules were found throughout the sections. Sestamnsecutives to the toluidine
blue ones were next immunostained using the FITBEHed goat anti-human
properdin antibody. As seen on figure 3-18B, numerBITC positive signals were
detected on wild type mouse skin sections. Howeaesimilar staining pattern was
observed too on properdin-deficient mouse skin icest (figure 3-18C), giving
evidence that the FITC-positive signals previousthgerved on the wild type mouse
ear skin sections were most likely unspecific. Téehnique would therefore need to
be improved to ensure a specific detection of thepgrdin antigen in paraffin-
embedded tissues, more particularly in paraffin-edded ear skin, in order to see if

properdin can be visualised on tissue-based mumnast cells.
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Figure 3-13: Flow cytometric analyses on various cell linesn&d with the mouse
anti-human properdin antibody (blue) or its isotygmtrol (red). The detection of
both antibodies was done via the use of the goé&tnawuse IgG PE-labelled.
Representative histograms of A: HMC-1 cells, B: LRDcells; C: Jurkat cells; D:
K562 cells; E: HL-60 cells and F: permeabilised HMICells are shown. The green
curve represents a negative control (secondarig@itionly was added to the cells).
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Figure 3-14: Representative electron micrographs of HMC-1 delisiunostained with
the mouse anti-human properdin antibody and IgGlenuto gold particles. Arrows
point at gold particles. Circles represent clustefsgold particles. Representative
observations made from 2 different mast cell prafpans.
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Figure 3-15: Representative electron micrographs of LAD 2 cefimunostained with
the mouse anti-human properdin antibody and IgGlenuto gold particles. Arrows
point at gold particles. Circles represent clustefsgold particles. Representative
observations made from 2 different mast cell prafpans.
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Red blood cells

Lymphocytes

Granulocytes

Original magnification x40

Figure 3-16: Representative picture of human blood smear stamiéh DAPI and
immunostained with the FITC-labelled goat anti-hanproperdin antibody. A: using
the DAPI filter and without background correctiondaartificial colouring; B: merge
picture of the one obtaincd using the DAPI filtedahe one obtained using the FITC
filler and after background correction (DAPI in éluand FITC in green).
Representative observations made with the bloashefsingle individual.
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Original magnification x100

Figure 3-17: Representative picture of cytospun HMC-1 cellnsid with DAPI (blue)
and immunostained with the FITC-labelled goat &motkan properdin antibody
(green). Bright green spots corresponded to nooHspdinding of the FITC-labelled
antibody to bacteria or dust present on the speti(open arrows). Representative
observation made from one single mast cell prejoarat
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Original magnification x40

Figure 3-18: Representative pictures of mouse skin ear secflongld type mouse
skin section stained with toluidine blue; B: wilgpbe mouse skin section stained with
DAPI (blue) and immunostained with the FITC-labeéligoat anti-human properdin
antibody (green); C: properdin-deficient mouse sention stained with DAPI (blue)
and immunostained with the FITC-labelled goat &motkman properdin antibody
(green). Representative observations made with s&otions obtained from more
than 3 different mice.

124



Properdin synthesis in mast cells

3.3.5 Secretion of properdin by mast cells

The previous results suggested that properdin wascated with the mast
cell's membrane, especially with some structureslar to vesicles in process to be
released. The last aim of this project consistedesffying whether properdin was

secreted, as suggested by the electron microspagtices, via membrane vesicles.

In order to confirm the mode of secretion of praojerby mast cells,
membrane particles were isolated by differentiatagkentrifugations of the HMC-1
cell culture media (see chapter 3.2.3). Two kindsvesicles were collected.
Negatively stained electron micrographs of the nedteollected at 10,000g showed
round-shaped vesicles with a diameter varying f&imm to 1um. The majority of
the vesicles observed in this fraction had a diameibse to 100nm (figure 3-19A).
The material extracted after ultracentrifugation78000g was more homogenous.
The negatively stained vesicles observed by electrocroscopy had a smaller
diameter, mainly oscillating from 40 to 100nm, aliigh few vesicles with a diameter

exceeding 100nm could be spotted in this fractigue 3-19B).

The presence of properdin on these two types atlesswas then assessed
using the monoclonal mouse anti-human properdinbady. First, 300g fractions
corresponding to cells, 1200g fractions correspaydd cell debris, 10,0009 fractions
and 70,000g fractions were lysed (see chapter.3)2a8d the total protein content of
each fraction was measured by Bradford assay (bepter 3.2.7.2). Properdin
concentration (for two different dilutions of eadtaction) was assessed using a
commercial properdin ELISA kit (see chapter 3.2.9580perdin could be detected in
the two different dilutions of both the 300g and@g fractions. Both dilutions of a
same sample gave a similar final concentrationl€t&5). Concerning the 10,0009
fraction, properdin was only detected in the lehiktted sample, whereas properdin
was not detected in both dilutions of the 70,00€actfon. Due to the restricted
amount of samples available for both the 10,000d) the 70,0009 fractions, lower

dilutions of these samples could not be tested.

Different amounts of total protein from each fraaotiwere then loaded onto a
10% SDS-PAGE gel and developed by Western blotgutfie mouse anti-human
properdin antibody (see chapter 3.2.8). Properdas eventually detected in all the

fractions by Western blot (figure 3-20). Howevevotdifferent patterns of bands were
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observed: properdin was either detected as a 53 K&al corresponding to a
monomer of properdin (figure 3-20A) or as the 53KB@nomeric band and a
106KDa band, the latter corresponding to a dimerpuadperdin (figure 3-20B).

However, in all cases, properdin was detected thighhighest intensity in the 10,000g
fraction, whereas the 70,000g fraction was showimg lowest concentration of
properdin, these being consistent with the prevEIUSA results.

Finally, after detecting properdin in both kindswvekicles, the last experiment
of this project consisted of localising properdin lboth vesicles using an electron
microscopic approach. In order to do that, the racargti-human properdin antibody
and the anti-mouse IgG coupled with gold particlesed previously to detect
properdin on mast cells were used. Despite thelddéferent techniques to detect the
antigen (permeabilisation of the vesicles with dmitX-100 (as, this time, it was not
sections of sample, but the whole sample which prasent on the grid), use of
smaller gold particles to ensure they could petetilae permeabilised vesicles and
fixation of the vesicles before to treat them (skapter 3.2.11.3.4)), properdin could
not be detected on the surface or inside both €h@00g fraction and the 70,0009
fraction vesicles (data not shown).
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Figure 3-19: Representative transmission electron micrograghth® negatively
stained vesicles extracted from HMC-1 cell cultaredium after ultracentrifugation
at A: 10,000g and B: 70,000g. Representative obsiens made using, for both

fractions, two different vesicle preparations.
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. 300g fraction 1200g fraction 10.’0009 f_ract|_0n 70,000g frac_t|0n
Fraction : (microvesicle-like | (exosome-like
(cells) (cell debris) vesicles) vesicles)
Concentration
(ng/ug of total 22.2 72.5 106.0 Non detected
protein)

Table 3-5: Properdin concentration of the various fractionbtamed after
ultracentrifugation of HMC-1 cell culture, measurby ELISA. Results obtained
from duplicates obtained from one single vesickppration.

A 300g 1200g 10,000g 70,0009
Total protein 5 2 5 1 25 052 1
150 %= ;e
100— SRS : : X ""‘“ !

75—k T SR
50— b . - - )
25 _.-
B 1200g 10,0009 70,000g
Total protein 2 10 2 5 5 2 5 10
150 ‘ -
100_F
75_;
50 |
25

[' .
Figure 3-20: Western blot analyses of the 300g, 1200g, 10,080g 70,0009
fractions extracted from HMC-1 cell culture aftdtracentrifugation. The detection
of properdin was done using a monoclonal mousehamtian properdin antibody
followed by the use of HRP-labelled goat anti-molggg. A: using material from the
first vesicles extraction; B: using material fronetsecond vesicles extraction.
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3.4 Discussion

As mentioned in the introduction, properdin, thdygrositive regulator of the
alternative complement pathway, is synthesised lyide range of cells, including
cells of the immune system such as lymphocytesnujpaytes, monocytes,
macrophages and dendritic cells. Mast cells, amote#i type belonging to the
immune system, play major roles in immunity bydegng hypersensitivity reactions
when activated by some allergens, or by regulativey specific immune response
observed after infection (Bischoff, 2007). The afthis project was to investigate
whether mast cells produced properdin, and, if ttiely to characterise further the

synthesis and secretion of properdin by this gpkt

This work was done using two well characterised &winmast cell lines:
HMC-1 and LAD 2 cells. The purity of these celldswas regularly verified using
toluidine blue, a mast cell-specific histologicthia (Drexler and MaclLeod, 2003).
Both HMC-1 and LAD 2 cells were reactive with Taluie blue as shown by the
staining of their metachromatic granules in purplarther investigations indicated
that, as expected, a majority of the HMC-1 cellydapon was positive for tryptase, a
major constituent of mast cells (Nilsson et al.,949 Electron microscopic
observations of HMC-1 cells after osmium fixatiohowed that this cell line
appeared, as usually described in literature, wittmerous electron-dense granules in
their cytoplasm (Alexandrakis et al., 2003; Grutzket al.,, 1997; Kandere-
Grzybowska et al., 2003). Concerning LAD 2 cellsual characteristics were
observed as well, except for the appearance of tjranules (Theoharides et al.,
2007). LAD 2 cell granules actually appeared enfptiowing osmium fixation, as
they usually appeared after piecemeal degranuldbbwmorak, 2005; Theoharides et
al., 2007). This suggested that the LAD 2 cells rhaye undergone degranulation

while processed for electron microscopic analyses.

3.4.1 Properdin is expressed by mast cells

Using different approaches, properdin expressios than detected in both
cell lines. Using the RNA isolated from both HMCahd LAD 2 cells as templates
and specifically designed primers, a product of #wpected size of 1451bp
corresponding to the open reading frame of the Imuypnaperdin gene was detected by
reverse transcriptase-PCR. The RT-PCR product rddawith HMC-1 RNA was
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then successfully cloned into PGEM-T easy vectoa)ysed by restriction digests and
sequenced. Its sequence showed almost 89% identitythe known sequence of the
Homo sapiens complement factor properdin mRNA (ssio@ number: NM_002621).
However when not taking into account the high prtpo of bases not identified by
the sequencer (no call) at the very beginning anbdeavery end of the sequence (this
was probably due to technical reasons, the bedityysaquence with this technique
being usually observed between 50bp and 500bptattesequencing primer (PNACL
DNA sequencing service, personal communicatiog percentage of identity

between this sequence and the published sequehcenain properdin exceeded 95%.

Properdin expression by HMC-1 (stimulated or natl 4AD 2 cells (non-
stimulated, data not shown) was then confirmedda}-time PCR using a different
pair of primers specific for properdin. Various malles, namely GM-CSF, IRNIL-
1B, TGH3, TNF3 and LPS were used to stimulate HMC-1. Stimulatbneutrophils
and monocytes by various cytokines has been showffect the release of properdin.
Schwaeble and collaborators investigations condutiat properdin expression and
secretion by the monocytic cell line Mono Mac 6 wasregulated by LPS, PMA and
TNF-a, whereas Wirthmueller and collaborators showed TiNF-0, GM-CSF, G-
CSF, IL-1B, IL-8 and C5a enhanced properdin release by nghiteo(Schwaeble et
al., 1994; Wirthmueller et al., 1997). Properdirpession by stimulated mast cells
was therefore investigated. All molecules usedtitoidate HMC-1 cells, except for
TNF-B (Tumor Necrosis Factd), were already reported in the literature as #figc
mast cell’s functions. In HMC-1 cells, T@F{Transforming Growth Factds) has
been shown to induce cell migration and to inhileit growth, IL-13 (Interleukin )
to induce the production of various pro-inflammgtoytokines, IFN (Interferony) to
induce the expression of cytokines/chemokines, & BI-CSF (Granulocyte-
Macrophage Colony-Stimulating Factor) to downretpulthe expression of several
mast cell’'s characteristics (tryptasegRt) (Chi et al., 2004; Gilchrist and Befus,
2007; Olsson et al., 2001; Welker et al., 2001 nceoning LPS (Lipopolysaccharide),
it has been shown to induce both piecemeal andhataagic degranulation (Yang et
al., 2005). This last phenomenon was observed whign cells were stimulated by
both LPS and LBP (LPS Binding Protein), while, héd®1C-1 were only stimulated
by LPS. However, the 10% FCS present in the culbtoeelia can substitute for LBP
and therefore degranulation should occur afterwgtition with LPS (Lee et al., 1992).
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In my study, the expression of properdin by stirtedaor native HMC-1 cells was
analysed by real-time PCR and found to be simifah@urs after stimulation. Low
values were observed for two individual samples (GSF and TGPB-stimulated
cells) while their replicates using the same coodg showed a similar expression
level. This variation of expression level obtainfed these particular samples was
thought to be due to the presence of more heparithase samples during the RNA
extraction, as this mast cell mediator has beerwshto interfere with reverse
transcriptase-PCR (Glaum et al., 2001).

Properdin concentration in the culture medium dbkye-stimulated or LPS-
stimulated HMC-1 cells 24 hours after stimulatioasthen measured by Western blot
and ELISA. Difficulties to detect properdin by West blot were encountered. The
polyclonal anti-human properdin antibody used fbistexperiment gave non-
reproducible results as it showed different bantdepas on the X-ray film for the
three different experiments performed. The exped&@dKDa band was observed at
different intensities in my first attempt for alhraples, but the unstimulated cells.
However, as no red Ponceau staining of the membveaee performed for this
particular experiment, it was impossible to pravattthe same amount of protein was
transferred from the gel to the membrane during bleting. When trying to
reproduce this result, the 53 KDa band on the Xfitaywas shown to become fainter
each time and bands with higher molecular weiglhiddcb®e observed too on the gel,
suggesting the antibody could have been affectemhglthe time of the experiment
(probably during the multiple freeze/thaw of thetilaody aliquot). This antibody
being not manufactured, another aliquot could net dbtained. This made the
guantification of properdin in the cell media of KEML cells impossible by this

technique at the time of this experiment.

Finally, the origin of properdin in these samplessveonfirmed to be cellular

as no properdin could be detected in cell-free oradiy ELISA.

3.4.2 Localisation of properdin in mast cells

After showing that properdin was expressed andesedrby two mast cell
lines, its localisation and putative storage indidese cells was then investigated.
First, flow cytometric analysis of permeabiliseddanon-permeabilised cells was

performed using a properdin-specific monoclonal ikerty and a PE-labelled
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secondary antibody. Different detergents were usedreate pores in the cell
membrane, allowing antibodies to penetrate the asll therefore allowing the
detection of intracytoplasmic antigens. Properdiould be detected on non-
permeabilised HMC-1, LAD 2 and HL-60 cells, wheremssignal was observed on
permeabilised HMC-1 cells and non-permeabiliseckalucells. The fact that the
properdin positive signal was lost after detergémtatments on HMC-1 cells
suggested that cell permeabilisation actually aecband membrane-bound properdin
was lost during pore formation. This implied thabgerdin protein was not stored

inside the cytoplasm of HMC-1 cells, but was assteci to the mast cell membrane.

HL-60, K562 and Jurkat cells were used as postive negative controls in
this experiment. HL-60 is a human promyelocytic kisemia cell line that
predominantly contains in culture neutrophilic py@iocytes and can differentiate
toward granulocyte-like cells after treatment wibMSO (Dimethylsulfoxyde)
(Farries and Atkinson, 1989; Gallagher et al., 39P9operdin has been shown to be
expressed at the same level by both unstimulateld MSO-treated HL-60 cells
(Schwaeble et al., 1994). At a protein level, prdpecould be detected only in the
cell supernatant of DMSO-treated HL-60 cells and mo the supernatant of
unstimulated HL-60 cells (Farries and Atkinson, 998Jurkat, an immortalised T
lymphocyte cell line, is known as well to both exgg and secrete properdin
(Schwaeble et al., 1993). However, the level ofpprdin found in the cell medium
after 3 days of culture was relatively low (0.12¥fgproperdin/18 cells) compared to,
for example MonoMac 6 cells (1.21ng of properdifi/I@lls after 24 hours of
culture), a monocytic cell line (Schwaeble et 4894). Nothing has been published
yet concerning the expression or the secretionropgrdin by the human chronic
myelogenous leukemia cell line K562. Flow cytonetanalysis of these three cell
lines suggested that properdin was found at a hilgivel on undifferentiated HL-60
cells than on Jurkat and K562 cells, as no sigresd detected on Jurkat and a low
partial signal was seen on K562 cells. The absehaggnal for properdin on Jurkat
cells, despite knowing this cell line secretes prdm, may be due to the fact that the
amount of properdin present was below the detediioit of the technique. To
conclude, all these results taken together sugdebi@ properdin was not stored

intracellularly, but present at the surface of maddts, and that less properdin was
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bound on the surface of the HMC-1 and LAD2 mastl di@es than on the
promyelocytic cell line HL-60.

The presence of properdin at the surface of mdlst was then confirmed by
electron microscopy using a properdin-specific mdy coupled to gold particles.
Properdin was detected on the cell membrane of HMIC-1 and LAD 2 cells. This
was observed all over the cell surface. Properdas wresent either alone, or in
clusters of 2 to 8 molecules. Isolated properdactigities were mainly localised on
the cell membrane by itself, while clusters wererenoften found on cytoplasmic
extensions. No signal was seen inside the cytopltatsboth cell lines, neither inside
their cytoplasmic granules. On these pictures, HM&ad LAD 2 cells granules did
not appear electron dense as, for this experintéet,cells were not fixed with
osmium tetroxide, but with formaldehyde, which ist ran electron stain (Hayat,
1981). However some material could be seen ingidér tgranule compartments
suggesting that, this time, no piecemeal degraionlair anaphylactic degranulation

occurred for the LAD 2 cells.

Fluorescence microscopy was the last technique tesdocate properdin in
mast cells. Only preliminary results were obtaia@ed more experiments would need
to be performed. A polyclonal anti-properdin antipd=ITC-conjugated was applied
on slides containing cytospun HMC-1 cells and blgotkars. Positive signals were
here again detected all around the membrane of HM@Hs. However, positive
signals were detected as well around the cell nuak cells were cytospun to the
slide, it was difficult to say if this signal actlyacorresponded to properdin molecules
present inside the cytoplasm of these cells orr@perdin was present on the top

surface of the cells. This would need to be ingaséd further.

Concerning the human blood cells, properdin coulg be detected inside the
granules of cells morphologically identified as rgrocytes. No signal was seen on
red blood cells, lymphocytes, or monocytes (allhitdeed according to the shape of
their nucleus). These results were in accordante wiat has been published in the
literature as, even if properdin was known to bpregsed by these three cell types,
neutrophil was the only cell type known to stor@gardin inside their granules
(secondary granules) (Schwaeble et al., 1993; Ssibleeet al., 1994; Soderstrom et
al., 1991; Truedsson et al., 1990; Wirthmuellerakt 1997). Moreover, this was

consistent with the fluorescence microscopic resalitained previously on mouse
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spleen sections (see chapter 2.2.2.2), where malsigas detected inside the red pulp
of the spleen, a reservoir for red blood cells, andntensive signals were observed

inside the white pulp, mainly composed of lymphesyt

The non-detection of properdin inside the cytoplagmast cells in this study
was thought to be potentially due to a conformatiamatter. In fact, properdin is
subjected to several post-translational modificetio (N-glycosylation, C-
mannosylation and O-fucosylation) and is alwaysntbun an oligomeric form in
extracellular media (Farries and Atkinson, 1989ngdez de Peredo et al., 2002;
Hartmann and Hofsteenge, 2000). The epitope resednby the monoclonal anti-
human properdin antibody was not known, but coddrasked on the monomeric or
non-glycosylated forms of properdin putatively s intracytoplasmically.
However, the use of the polyclonal anti-properdmiteody FITC-conjugated for the
analysis of mast cells by electron microscopy shibwee same pattern as the one
observed using the monoclonal antibody (no propeddiected inside the cytoplasm).
Further analyses of HMC-1 cells by fluorescencerasicopy using this polyclonal

antibody should be performed in the future to elat this point.

In the same way, the unspecific detection pattdseenved with paraffin-
embedded mouse skin sections may be explained éyintompatibility of the
polyclonal FITC-labelled anti-properdin antibodytiiformalin-fixed tissues as this
antibody has never been tested for paraffin sest{ascording to the manufacturer)
and as formaldehyde treatment has already beerciatesb with high level of
background.

3.4.3 Secretion of properdin by mast cells

As mentioned earlier, properdin was detected onsthiéace of both HMC-1
and LAD 2 cells on structures similar to vesicleady to be excreted. This kind of
structure has already been described in the literafKandere-Grzybowska et al.,
2003). Properdin seems to be attached to roundedhapsicles with a diameter
comprised between 100 and 200nm. This could caorespo either exosomes, or
microvesicles, two types of vesicles known to bereted by mastocytes in general,
HMC-1 cells in particular, which play a role in k&-cell communication (Ratajczak
et al., 2006). The last part of this project wasstho investigate the putative presence

of properdin inside vesicles secreted by mast.cells
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Vesicles were first extracted from HMC-1 cell cudtsupernatant by using a
differential ultracentrifugation technique broadiged in the literature (Al-Nedawi et
al., 2005; Caby et al., 2005). Electron micrographshe material extracted showed
that the 10,000g fraction was similar in size andshape (100 to 400nm round
vesicles) to microvesicles (and was thus namedavesicle-like vesicles), whereas
the vesicles isolated after the 70,0009 step hachaler diameter (40-100nm) and
were sharing similarity with exosomes (and wererdfuge called exosome-like
vesicles). Analysis of these vesicles using a difie Western blot approach than the
one previously used to detect properdin on stinedldHMC-1 cells showed that
properdin was present on both types of vesiclesebler, properdin was shown to be
expressed at a higher concentration on the micicedgke vesicles compared to the
exosome-like vesicles or to the cell and the ceabrid fractions. This result,
confirmed by ELISA, suggested that microvesiclelikesicles were in fact a
properdin-enriched sub-population of vesicles sedrby mast cells.

Using the same electron microscopic approach asrteaised for HMC-1 and
LAD 2 cells, both exosome-like and microvesicleslikesicles were immunostained
for properdin. Unfortunately, despite various maifions of the protocol — pre-
fixation, use of detergents and use of smaller gaidicles — properdin could not be
visualised on either type of vesicles. It would lewer be interesting to know whether
properdin is localised inside or on the surfacehafse vesicles as this could give

valuable information to determine the role playggloperdin in these vesicles.
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4 Characterisation of the properdin-

deficient mouse line during pneumococcal

pneumonia

4.1 Introduction

4.1.1 Streptococcus pneumoniae, complement attack and evasion

Streptococcus pneumoniae is an encapsulated alpha hemolytic cocci-shaped
Gram positive bacterium. It is an important humaathpgen causing bacterial
pneumonia, meningitis, otitis media and septicaethi@afects mainly infants, elderly
and immunocompromised individuals. Despite the laldity of antibiotics, S.

pneumoniae still causes 10 million deaths per year worldwidéHO, 1998).

Streptococcus pneumoniae is a commensal of the normal human upper
respiratory tract. At any time, it asymptomaticaitylonises the nasopharynx of up to
20% and 50% of healthy adults and children, respaygt (Lanie et al., 2007).
However, when colonisation of the lower respiratdrgict occurs, it becomes
pathogenic and it generates an innate immune respamd an inflammatory reaction
with, among others, an important influx of neutrigphand the activation of the
complement system (Reviewed in Jarva et al., 28@8joglu et al., 2000; Kadioglu
and Andrew, 2004). According to the structure @iitltapsular polysaccharide, more
than 90 different serotypes of pneumococci haveadly been identified, all of them
showing considerable differences in virulence as ¢hpsule is a major virulence
factor for pneumococci (Kadioglu et al., 2008) pneumoniae produces several other
factors that are involved in its pathogenicity, lsugs pneumolysin, PspA, PspC
(Jedrzejas, 2001).

Humans with a deficiency in complement as well amglement-deficient
mice (C3-, C4-, Clga-, factor B-, factor D-, CR1/€R3- and CR4-deficient mice)
have been shown to be more susceptible to pneurmalcodection, emphasing the
fact that complement plays a crucial role in protecagainstS. pneumoniae (Janoff
and Rubins, 2000; Brown et al., 2002; Kerr et 2005; Ren et al., 2004). Using

complement-deficient mice, it has been shown tlodh Ibhe alternative pathway and
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the classical pathway play a major role in the ieananmunity to pneumococci, while
the lectin pathway seems to have only a minor (Blewn et al., 2002; Ren et al.,
2004). The classical pathway, activated immediasdtgr infection via natural IgM
antibodies or via C-reactive proteins, plays itg tay initiating bacterial opsonisation
and therefore depositing C3b fragments onto théaserof pneumococci. Some of
this C3b-bound molecules then binds to Bb to credternative pathway C3
convertases and, via its amplification loops, theraative pathway then amplifies the
formation and allows the deposition of more C3benales onto the bacterial surface
(Brown et al., 2002; Xu et al., 2001; Yuste et 2005).

Kerr and collaborators have shown, in a model a&fusmococcal pneumonia,
that C3 or C5 were not required to attract inflartonacells at pulmonary infection
sites (via their anaphylatoxin fragments C3a and)Chistead, opsonophagocytosis
(via C3b, C4b and iC3b) and anti-bacterial acegt(via C3a and its inactive form
C3a-desArg, which can act as antimicrobial pepjide® the main complement
activities occurring during pneumococcal infectigferr et al., 2005; Nordahl et al.,
2004).

Sreptococcus pneumoniae has developed several strategies to evade the
complement system, mainly via its various virulerfeetors. The pneumococcal
capsule, pneumolysin (a major streptococcal cyinjp®PspA (Pneumococcal surface
protein A) and PspC (Pneumococcal surface protgiallGnterfere with complement
deposition on pneumococci and therefore reducepisenic complement activity of
the host (table 4-1) (Jarva et al., 2003; Kadiaglal., 2008).

Virulence factors Role against complement

Capsule Inhibits effective opsonophagocytosis
Pneumolysin Activates C3 in absence of specific anti-capsufdibadies
PspA Interferes with C3 deposition and with the formataf the alternative

pathway C3 convertase

PspC Binds to factor H and degrades C3

Table 4-1: Role of the main pneumococcal virulence factoesregy complement.
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41.2 Infection model

The strain used in this study S pneumoniae D39 — is a serotype 2
encapsulated strain. It was isolated from a patret®16 and has been used by Avery
and collaborators in 1944 to show that genes aeré DNA. This strain has since

been widely used in mouse infection models (Labed.e2007).

Two different infection models were used duringsttgtudy: mice were
infected either intranasally with a high dose Sfpneumoniae D39 (from 0.5 to
1.5x1¢ pneumococci/mouse; gives an intermediate phendiypeusceptibility to
infection) or intravenously with a lower dose & pneumoniae D39 (1x16
pneumococci/mouse) (Gingles et al., 2001). Ghlgneumoniae D39 that have been
passaged in animals were used to infect the mi¢kisnstudy as passaging enhances
the virulence of pneumococci by stimulating capsylethesis (Saladino et al., 1997).
Moreover, in order to ensure a certain consistdratween the different preparations
of S. pneumoniae, the viability and the virulence of each bactestack were always
checked (by plating serial dilutions and infectiél mice) and aliquots of bacteria

were never kept more than 3 months at -80°C.

4.1.3 Properdin-deficient mouse line

Mouse susceptibility to pneumococcal disease vatesrding to the genetic
background of mouse strains (Kadioglu and Andre®d@52. The wild type C57BI/6
mouse strain is known to possess an intermediagaqtype for susceptibility to
infection following infection with D39 pneumococeis shown by the analysis of their
survival time and blood clearance 24 hours podeiidn (Gingles et al., 2001).
Because the properdin-deficient mouse is on a Gb7ckground, it constitutes a
good choice to investigate the role of properdinrdupneumococcal infection.

The properdin-deficient mouse line used in thigdgtwas generated by Dr.
Cordula Stover (University of Leicester). This limeas developed to deduce the
functions of properdin as, at the start of thigiget the function of properdin seemed
restricted to providing host-immunity to Neisseneningitidis only. The properdin
gene was disrupted by homologous recombinationléaals to the elimination of the
part of the properdin gene coding for TSR2 to TSRis was then microinjected to
C57BI/6 blastocysts. Two chimeric mice were derjvkir offsprings intercrossed
and one of the heterozygous female obtained was lthekcrossed with a C57BI/6
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male to obtain properdin-deficient males and wylplet littermates (figure 4-1A)

(Stover et al., 2008). Studies of this mouse liagehshown these mice effectively
lack properdin in their serum and have an impaiaftdrnative pathway activity

(figure 4-1B) (Stover et al., 2008). Unchallengtdtkese properdin-deficient mice are
not immunocompromised, however they have been shiowipe impaired in their

survival compared to their wild type littermatesldaing sublethal caecal ligation
and puncture and in non-septic shock models (LRSzgmosan-induced) (lvanovska
et al., 2008; Stover et al., 2008).
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Figure 4-1: The properdin-deficient mouse line. A: Strateggdido generate the
properdin-deficient mouse line. B: Western blotlgsia of properdin-deficient and
wild type serum using an anti-properdin antibodygr{f Stover et al., 2008).
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4.2 Material and methods

421 Mice and bacteria

Eight to 20 weeks-old male properdin-deficient macel wild type littermates
(called “gold line”, a C57BI/6 line developed fro@harles Rivers breeders at the
University of Leicester Transgenic Unit) were usedthese studies. Mice were
maintained in a barrier unit and health screengdlagly as part of the institutional
guidelines. Ethical approval was obtained for ladl animal experiments. Experiments
were carried out in accordance with Home Officeutations. The genotyping of the
mice used in this study was done by Dr. Cordulav&tas previously described
(Stover et al., 2008).

Streptococcus pneumoniae serotype 2, strain D39 (NCTC 7466) was obtained
from the National Collection of Type Cultures (Lamj UK) by Dr. Aras Kadioglu
(University of Leicester).S pneumoniae recovered from mouse blood (called
“passaged”’) are more virulent than non-passagedetiac therefore, passages
pneumoniae D39 were used to challenge the minevivo (Saladino et al., 1997%.
pneumoniae were passaged by Luke Richards (University of eéstier) as described
by Canvin et al. (Canvin et al., 1995). Briefly, MFnice were intraperitoneally
infected with S pneumoniae. 24 hours post-infection, mice were culled a8d
pneumoniae were recovered from their blood, grown overnight BHI medium,
aliquoted in BHI medium containing FCS and storedhie freezer at -8C until
further use. The viability of the suspension wateeined by plating serial dilutions
onto blood agar and counting CFUs as explainethapter 4.2.7. The virulence of the
stock was finally assessed by infecting intrangsadF1 mice with 16 S
pneumoniae. Only bacteria from a stock able to induce segepicaemia in less than

48 hours in all of the infected MF1 mice were usethis study.

For in vitro analyses, fresh stocks of non-passagquheumoniae were used.
S pneumoniae were plated onto a blood agar plate and grownmglet. A single
colony was then picked and grown in BHI medium. Text day, cells were spun
down at 3000g for 5 minutes and the pellet wassgsoded into 15ml of serum broth
(80% BHI, 20% FCS) and incubated at 37°C for 5 hohefore aliquoting and
freezing at -80°C. The viability of the suspensiwas determined by plating serial
dilutions onto blood agar and counting CFUs as @&rpld in chapter 4.2.7. When
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needed, an aliquot was either grown in BHI or igatable special infusion medium,
or pelleted and resuspended at an adequate costo@min PBS.

Escherichia coli DH50 was provided by Dr. Richard Haigh (University of

Leicester).

4.2.2 In vitro analysis

4221 Preparation of human serum and plasma

In order to obtain human serum, blood was withdrénem a superficial arm
vein of a healthy female volunteer and left to adatg on ice. After coagulation
occurred, the blood sample was spun down at 1080§ minutes and the supernatant

was collected, aliquoted and stored at€@ntil further use.

Concerning the plasma, blood was withdrawn fromi@esdicial arm vein of a
healthy female volunteer and mixed with either ED{BWM) or heparin (5U/ml).
The blood sample was then spun down at 10009 fieinbites and the supernatant was

collected, aliquoted and stored at*@Quntil further use.

4222 Isolation of human polymorphonuclear cellSPMN) and human

peripheral blood mononuclear cells (PBMC)

PMN cells were isolated from whole human blood gsidextran
sedimentation followed by Histopadudensity gradient centrifugations (Kouoh et al.,
2000). Blood was withdrawn from a superficial arreirv of a healthy female
volunteer and anticoagulated with heparin (5U/miyl apun down at 15509 for 5
minutes. The plasma was removed and the cell pelet resuspended in a same
volume of a 0.9% (w/v) NaCl solution. ¥ volume oflextran/saline solution (5%
(w/v) dextran (MW 150,000-200,000), 0.7% (w/v) Na@tas then added and the
mixture was let to settle at room temperature tbnBnutes. The supernatant was then
carefully removed without disturbing the red blamadl layer and pelleted at 15009 for
2 minutes. This leukocyte pellet was resuspendd®BiS and carefully layered on top
of a layer of Histopaque-1077 (Sigma-Aldrich), itdayered on top of a layer of
Histopaque-1119 (Sigma-Aldrich) before to be cémged at 700g for 30 minutes.
The middle opaque layer containing the granulodsdaetion was finally cautiously
aspirated and resuspended in PBS.

PBMC were isolated using Histopafuelensity gradient centrifugations

following manufacturer’s instructions. Heparinisedman blood was, as previously
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described, layered on top of layers of HistopadgoiéZland Histopaque-1119 and
centrifuged at 700g for 30 minutes. The top opdgyer containing the mononuclear

cell fraction was then cautiously aspirated andspsnded in PBS.

42.2.3 Serum bactericidal assay

Two different approaches have been used to obt@&nrouse serum used in

this assay.

At first, blood was taken by cardiac puncture frgmoperdin-deficient and
wild type mice after culling (this work was done Bgne Brown, University of
Leicester). This blood was left to clot for 30 mi@sion ice, pelleted by centrifuging it
at 12509 for 20 minutes and the serum was finalllected, aliquoted and stored at

-20°C until further use.

In the second set of experiments, properdin-deficaad wild type mice were
deeply anaesthetised with 5% (v/v) fluothane (A&treeca, Macclesfield, United
Kingdom) over oxygen (1.5 to 2 litres/min) and ldowas taken by cardiac puncture
from mice under terminal anaesthesia (this work d@se by Dr Aras Kadioglu) and
immediately incubated at 37°C (wet bath) for 30 umés. After clotting the blood and
pelleting it at 4°C by spinning it down at 1250g 20 minutes, the serum was
collected and used immediately for the bactericidakay (Mueller-Ortiz, S.L.,

personal communication).

Ninety microlitres of these sera were then mixethwliOul of either a non-
passaged stock & pneumoniae D39 (1x10 pneumococci/ml PBS), or a fresh culture
of E.coli DH5a (1x10' E. coli/ml PBS) in a 96 well plate and incubated for 1 hiou
an incubator at 37°C. Then, 60ul of this culturedimaavere plated to determine the
number of pneumococci present in each sample (sgeter 4.2.7) (Mueller-Ortiz et
al., 2004).

4224 Splenocytes bactericidal assay

Properdin-deficient and wild type mice were sacefl and their spleen was
removed aseptically and immediately placed intailsté®BS. Splenocytes isolation
was then performed in a tissue culture hood usingpdified version of the protocol
used by Derrico and collaborators (Derrico and Goag 1996). Spleens were
mashed using a scalpel blade and resuspended mtoofl sterile PBS. This
suspension was then filtered through a 100ul N@eh Strainer (BD Falcon) and the
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filtrate was collected. Red blood cells were thgsetl using a red blood cell lysis
buffer (eBiosciences; Insight biotechnology, WembléJK). The reaction was
stopped by adding 2 to 3 volumes of PBS into thiparation and the cells were
finally resuspended into RPMI media supplementeth vi0% FCS (Gibco) and
cultivated in a humidified incubator at 37°C at 52€,. After 48 hours, the
splenocytes were finally divided into 2 subpopualas: the adherent cells and the non-
adherent cells. The proportion of adherent cellagow, only the non-adherent cell

population was used for the analysis.

Fifty microlitres of the non-adherent cell poputeti (2x1G cells/ml) were
incubated with 50p! of a non-passaged stock gieumoniae D39 (2x16 or 2x16
pneumococci/ml) in a humidified incubator at 37°C5& CQ for 10 hours. Then,
60ul of each culture medium were used to deterrttieenumber of pneumococci

present in each sample (see chapter 4.2.7).

4225 Peripheral Blood Mononuclear Cells bacteridal assay

PBMC were isolated from human blood as describethapter 4.2.2.2.

Non-passage®. pneumoniae D39 were grown overnight in vegetable special
infusion medium (Fluka; Sigma-Aldrich, GillinghanJK). This medium is a
replacement for BHI of a vegetal origin (while BRI from animal origin) and was
used here as a complement source-free growing medibe next day, bacteria were
spun down at 700g for 5 minutes and resuspendkdrait PBS, or opsonised for 30
minutes at 37°C in 20% human plasma-PBS to obtdinah concentration of 4xf0
bacteria/ml. Opsonised and non-opsonised bacteei@ then mixed with a same
volume of PBMC (5x10cells/ml PBS) and placed in a humidified incubabB7°C
at 5% CQ.

After 30, 60 and 120 minutes of incubation, 20ukath sample were plated
on blood agar (see chapter 4.2.7). At each timatpgentamicin (100pg/ml) and
penicillin (100U/ml) were added to another 200uleaich sample and incubated at
37°C at 5% C@ for 2 more hours in order to kill any extracellufagneumococci
present in the cell culture medium. Then, the cellye washed twice in PBS,
resuspended into 1% saponin-PBS for 10 minutes 2ind of each sample were
plated on blood agar to enumerate the intracellbkteria present (Segura et al.,
1998).
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4.2.2.6 Polymorphonuclear cells bactericidal assay

PMN cells were isolated from human blood as desdrib chapter 4.2.2.2.

Pneumococci were prepared as explained in chap2e2.8 and were then
resuspended either in PBS, or opsonised for 1 &bdfC in 50% human serum-PBS
to obtain a final concentration of 5X1Bacteria/ml. Two volumes of opsonised and
non-opsonised bacteria were then mixed with 1 vel@ihPMN (2x168 cells/ml PBS)
and placed in a humidified incubator at 37°C at &%, (Benton et al., 1995;
Letiembre et al., 2005)

After 30 and 90 minutes of incubation, 20ul of eaample were plated on
blood agar (see chapter 4.2.7).

4.2.3 Mice infection

423.1 Intranasal challenge

Properdin-deficient and wild type mice were lightlgaesthetised with 2.5%
(v/v) fluothane over oxygen (1.5 to 2 litres/mimda50pul of a suspension of passaged
pneumococci (1x10Streptococcus pneumoniae D39/ml PBS for the experiment using
the mice from the seventh backcrossing stage, 8%®teptococcus pneumoniae
D39/ml PBS for the experiment using the mice frva tenth and higher backcrossing
stage) were applied to the nostrils of the mices(imork was done by Dr. Aras
Kadioglu as previously described (Manco et al., ®00rhe number of bacteria
injected was confirmed by plating serial dilutiaf¢he inoculum on blood agar. Mice
were monitored and severity recorded twice a daynduthe whole time of the

experiment.

Approximately 30 minutes (referenced hereaftertese' 0”), 6, 24, 48 and 72
hours after infection, properdin-deficient and wilgpbe mice were sacrificed. They
were deeply anaesthetised with 5% (v/v) fluothamer @xygen (1.5 to 2 litres/min)
and blood was taken by cardiac puncture from miugeu terminal anaesthesia (this
work was done by Dr. Aras Kadioglu as previouslgaided (Jounblat et al., 2005).
Lungs were collected as well and placed immediatetysterile PBS.

4.2.3.2 Intravenous challenge

Properdin-deficient and wild type mice were lightgaesthetised with 2.5%
(v/v) fluothane over oxygen (1.5 to 2 litres/mimdalx1G CFUs of passage8
pneumoniae D39 were administered via the dorsal tail veins(twork was done by
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Dr. Aras Kadioglu as previously described (Mancoakt 2006)). The number of
bacteria injected was confirmed by plating seribitmns of the inoculum on blood
agar. Mice were monitored and severity recordeddwi day during the whole time of

the experiment.

Twenty four, forty eight and seventy two hours @aftefection, properdin-
deficient and wild type mice were lightly anaesited with 2.5% (v/v) fluothane over
oxygen (1.5 to 2 litres/min) and blood was takendlbleeds (this was done by Dr.
Aras Kadioglu).

424 Survival curve

Properdin-deficient and wild type mice were infecietranasally with 50ul of
a suspension of passag&dpneumoniae D39 (2x13 pneumococci/ml PBS). The
number of bacteria injected into the mice was ecargd by plating serial dilutions of
the inoculum on blood agar. Mice were health-chdcked monitored three times a
day during the 7 days of the experiment and cuNbeén presenting signs of lethargy

in accordance to the Home Office regulations.

425 Blood preparation

Three hundred and fifteen microlitres of the frgsiithdrawn blood were
immediately put into an Eppendorf containing am@&gulant for thromboelastography
experiments (see chapter 4.2.8.2) while 20ul ofolloed were used to determine the
number of viable pneumococci recovered (see chap®r). The rest of the blood
was clotted on ice, spun down at 13,0009 for 5 memand serum was then removed,

aliquoted and stored at -ZD until further use.

4.2.6 Lung preparation

Lungs were collected, weighed and placed into usaletubes containing
10ml of PBS. Lungs were homogenised using an Ultnaax T8 homogeniser (IKA-
Werke). Twenty microlitres of these homogenatesewesed to determine the number
of viable pneumococci present in each sample (sapter 4.2.7), 500ul were kept for
Western blot analysis (see chapter 4.2.10) andetstewas cytospun onto microscope
slides for differential analysis of the leukocytepplations present (see section
4.2.11).
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For the Western blot, 5ul of protease cocktail bitor (Sigma-Aldrich) were
added to the 500ul of lung homogenate and spun ddv&)100g for 30 minutes at
4°C. The supernatant was then collected, aliquatetti stored at -20°C until further

use.

4.2.7 Determination of viable pneumococci

Both lung homogenates and blood were serially eilut:10 in PBS and six
10p! drops of each dilution (from 10to 10°%) were plated onto blood agar. Plates
were incubated overnight at 37°C in an anaerohic Jae next day, CFUs were
counted from the dilution showing between 10 to @¢6@nies per 10pl.

This same technique was used to determine thelityabf all stocks of

pneumococci and for all tha vitro experiments.

428 Rotational thromboelastography (ROTEG)

4.2.8.1 Principle
Thromboelastography (TEG) was originally develog®d Hartert in 1948

(Hartert, 1948). This technique gave informatiomwbboth the thrombosis and the
fibrinolysis by measuring the viscoelastic propestiof whole blood in real time.
Citrated whole blood is placed into a cup pre-watrae37?C containing calcium ions
to reverse the calcium chelation obtained withditrate. A pin suspended to a torsion
wire is introduced into a cup oscillating with @%. angle. When coagulation begins,
formed fibrin strands attach the cup to the pin #moscillations of the cup lead to
the oscillations of the pin. The pin’s motions aeeorded as a TEG’s trace (Mallett
and Cox, 1992).

Rotational thromboelastography (ROTEGhas the same basic principle as
TEG, except for the fact that here the pin is theillating part and the cup is fixed,
making the ROTE®& system less susceptible to vibrations and thezefwre reliable.
Briefly, a plastic pin is fixed on the tip of a abing axis and a light is sent on to the
reflective surface of this axis. The mirror refie¢he light onto a detector and thus
allows recording the motion of the pin. When coagoh occurs, the pin’s
movements are restricted by the fibrin strandsthadletector translates the change of
light displacement into a trace similar to the ameained by TEG (see figure 4-2;
from http://www.pentaphar m.de).
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The TEG’s trace enables the determination of theetics of the clot's
formation, strength and stability. From this cigaaped graph, four major parameters
of thrombosis can be obtained as outlined by Senanl collaborators (figure 4-3)
(Senzolo et al., 2007):

» The reaction time (r), which is the period of tifnem the beginning of
the test until a clot begins to form (when it reashihe amplitude of

2mm). It represents the rate of the initial fibidgmmation.

» The clotting time (k), which is the period of tirffrem the beginning of
the clot formation until the thromboelastogram rescan amplitude of
20mm. It represents the time needed to reach thedatd clot
firmness.

» The alpha anglea(), which is the angle formed by the Omm amplitude
line and a tangent of the curve through the 2mmliamde point. It
represents the rate of clot’s growth.

» The maximum amplitude (MA), which is the maximurmfness the

clot reaches. It represents the clot’s strength.

428.2 Experimental procedure

Blood freshly withdrawn by cardiac puncture wasedily mixed with anti-

coagulant. Two methods were used to anti-coagthatélood:

» Method 1: Three hundred microlitres of freshly wlittwn blood were
added into an Eppendorf containing 50ul of ACD euff140mM
sodium citrate/72mM citric acid:7% dextran T500L{().:

» Method 2: Three hundred and fifteen microlitredreshly withdrawn
blood were added into an Eppendorf containing 36fila 3.8%

trisodium citrate solution.

ROTEG® was performed as described by Landskroner andhmmthtors using
a ROTEG thombelastograph (Pentapharm, Munich, Germangpitaboration with
Prof. Alison Goodall (University of Leicester) (Ldskroner et al., 2005). Briefly,
20ul of 200mM CaGl were put into a ROTE®G plastic cup and 300pl of anti-
coagulated blood were added. As soon as the bloasl added to the cup, the
thromboelastograph began to record the differenarpaters. No exogenous tissue

factor was added to the blood.
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As only four samples could be run at the same tithe, accuracy of the
technique over a period of 6 hours post-blood ctbb@ was tested by running blood
samples obtained from a same mouse 0, 2 and 6 hfitarghe blood was withdrawn.
Similar r, k,a and MA values were obtained during this 6 hourgetperiod (data not

shown).
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Figure 4-2: Schematic representation of a rotational thromdsiegraph (ROTE®
(from http:/mww. pentapharm.de).
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Figure 4-3: Graphic representation of the different thrombsielgraphic variables (r,
k, aand MA) obtained by ROTEGanalysis.
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4.2.9 ELISA

Different ELISA techniques were used to measure itheunoglobulin M

(IgM), immunoglobulin G (IgG) and C3 concentratiopgsesent in the serum of

unchallenged and challenged properdin-deficientvaifaitype mice.

429.1 Indirect |lgG and IgM ELISA

In order to compare the IgG and IgM serum levelsrathallenged properdin-

deficient and wild type mice, an indirect ELISA beique was developed.

Three microlitres of each serum sample, previodsiited 1:100 in PBS, were
mixed with 300! of coating buffer (35mM NaHGQA5mM NaCO;, pH 9.6). Each
sample was then serially diluted six times 1:1 aat;ng buffer and 100ul of each
dilution were transferred to an ELISA plate (F96 Xi4arp Nunc-Immuno plates,
Nunc) and incubated overnight at 4°C. The next tay plate was washed 3 times in
a washing solution (0.05% Tween 20-PBS) prior tmdpdlocked 1 hour at 37°C with
200ul of a blocking solution (5% (w/v) skimmed mmBBS). After 3 additional
washes, 100ul of a HRP-labelled goat anti-mouse &g@body (Sigma-Aldrich)
diluted 1:10,000 in 1% (w/v) skimmed milk-PBS weadded to each well and
incubated for 2 hours at room temperature. Theeplas next rinsed 3 more times
and 100ul of the single component TMB peroxidagk $tibstrate kit (Bio-Rad) were
added to the plate. The reaction was stopped fewtes after by adding 100ul of a
stopping solution (0.18M #$Oy) to each well. The absorbance across the plate was

measured at 450nm using a microplate reader.

The same technique was applied to compare the Ighins levels of
properdin-deficient and wild type mice. In this ead0ul of each serum sample,
previously diluted 1:100 in PBS, were mixed withOR0 of coating buffer. The
antibody used to detect IgM was the goat anti-mdgbé antibody AP-conjugated
(Sigma-Aldrich) diluted 1:10,000 in 1% (w/v) skimthenilk-PBS. As the antibody
was labelled with alkaline phosphatase, a diffedmtéction technique was used. Two
5mg pNPP (para-nitrophenyl phosphate) tablets (&igidrich) were dissolved into
10ml of pNPP buffer (0.1M glycine, 1ImM Mg£1imM ZnCh, pH 10.4) and, after
the final three washes, 100ul of this solution wadeed to each well. The plate was
then incubated at 37°C in the dark until a yellonlocation developed and the

absorbance across the plate was measured at 4G&ngnaumicroplate reader.
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4.2.9.2 Commercial IgM ELISA
IgM serum concentration of challenged and unchglen mice was

determined using the mouse IgM ELISA quantitatioim (Bethyl Laboratories;
Universal Biol., Cambridge, UK) according to maraitaer’s instructions. All steps
were performed at room temperature. The wells of EAWSA microplate (F96
Maxisorp Nunc-Immuno plates, Nunc) were coatedifdrour with 100ul of coating
buffer (0.05M carbonate-bicarbonate, pH 9.6) conitgg a 1:100 dilution of the goat
anti-mouse IgM antibody. The plate was then washédines in a washing solution
(1x TBS, 0.05% Tween 20, pH 8.0) and blocked form3@utes with 200ul of a
blocking solution (1x TBS, 1% BSA, pH 8.0). Afteragiditional washes, 100ul of
each standard and of each serum diluted 1:300nplgsadiluent (1x TBS, 1% BSA,
0.05% Tween 20, pH 8.0) were added to the platerasubated for 1 hour. The plate
was next washed 3 more times and incubated forhandtour with the goat anti-
mouse IgM HRP-conjugated antibody diluted 1:75,000 sample diluent
(100ul/well). Five last washes were performed a@@ul of TMB substrate (Single
component TMB peroxidase EIA substrate kit, Bio-Radre added to the plate. The
reaction was stopped approximately 6 minutes layeadding 100ul of a stopping
solution (0.18M HSQ,) to each well. The absorbance across the platenveasured
at 450nm using a microplate reader (Model 680, B#ob) and analysed using the
microplate manager software, version 5.2.1 (BioJRathe standard curve was

generated using a five parameter logistic curem@t(type Rodbard).

4.2.9.3 C3 ELISA

Serum C3 levels were measured using the mouse C3AELt (Immunology
Consultants Laboratory, Newberg, USA) following mtatturer’'s instructions. The
wells of a microplate pre-absorbed with anti-mo@® antibody were loaded with
100pl of each standard or mouse serum diluted A@80in sample diluent and the
plate was incubated for 20 minutes at room tempezaiAfter 4 washes in washing
buffer, the plate was incubated for 20 minutes wifith enzyme-antibody conjugate.
The plate was then washed 4 times with washingebudhd 100ul of the TMB
substrate solution were added into each well. Haetion was stopped 10 minutes
after by adding 100ul of the stop solution. At #ed of the assay, the absorbance
across the plate was measured at 450nm using aptate reader (Model 680, Bio-

Rad) and analysed using the microplate managewaad} version 5.2.1 (Bio-Rad).
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The standard curve was generated using a five maeartogistic curve fitting (type
Rodbard).

4.2.10 Western blot

4.2.10.1 Determination of the total protein concemntion

To ensure that the same amount of total proteinleaded in each case, the
protein concentration of each sample was measusied) the Bradford protein assay
(Bio-Rad) as explained in chapter 3.2.7.2. Theyasses performed using 5ul of lung
homogenate.

4.2.10.2 Preparation of the gel

Acrylamide gels were prepared as explained in @rap2.8.1. Ten percent

SDS-PAGE resolving gels were used for this expanrme

4.2.10.3 Samples preparation

Twenty four microlitres of lung homogenate (apprafaly diluted to contain
20ug of total protein) were mixed with 8ul of 4x SIPAGE sample buffer and
boiled for 10 minutes. After chilling on ice for rhinute, samples and 8ul of the
prestained Precision plus standards (Bio-Rad) \oa@ed into the wells of the SDS-
PAGE gel. One well of each gel was loaded withrdernal reference sample.

4.2.10.4 \Western blotting

Electrophoresis was performed as explained in ene2.8.3. The particular

conditions used for this Western blot are summadrisdable 4-2.

Blocking solution 5% (w/v) skimmed milk-PBS

Antibody solution 5% (w/v) skimmed milk-PBS

Primary antibody | HRP-conjugated polyclonal goat anti-mouse C3 adigl{¢CN
pharmaceuticals, Inc.) diluted 1:5000 in the ardipsolution

Washing solution 0.05% Tween 20-PBS
Secondary solution None
ECL kit ECL Western blotting substrate (Pierce)
X-ray film Hyperfilm ECL (Amersham Biosciences)

Table 4-2: Conditions used for the C3 Western blot on lungnbgenate.
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4211 Differential leukocytes analysis of lung t®ie

This work was done by Dr. Hannah Brewin (Universifyleicester). Briefly,
50ul of lung homogenate were cytospun ont@ytospin slide (Shandon) in a
cytocentrifuge (Cytospin 2, Shandat)100g for 3 minutes. Slides were then briefly
air-dried, fixed in 100% methanol for 10 min andiséd with Giemsatain (BDH)
(Kadioglu et al.,, 2000). Alveolar macrophages, noytes, lymphocytes and
polymorphonucleadeukocytes on each slide were identified accordingtheir
morphology and quantified. At least 200 cells itatavere counted on two different
slides for each sample. The relative percentageaoh types of leukocyte was then

calculatedAll slides were read by an investigator blindedheir identity.

4.2.12 Statistical analysis

In general, arithmetic means (referred as “mean®gbe used for the analysis
of data presented on a linear scale (e.g. C3 seamnentration), while geometric

means were applied to data collected on a logaiatkoale (e.g. cfu, flow cytometry).

To compare the numbers of blood and lung CFUs letvpeoperdin-deficient
and wild type mice, the two-tailed Mann-Whitney ©st was applied as non-
parametric (transformed) data were used. To comparsurvival curve of properdin-
deficient and wild type mice, the log rank test &nel chi square goodness-of-fit test
were applied; while the first test takes into actdhe survival rate of both groups at
each time point, the second only compares the mdo@ead/alive) at the end of the
7-days experiment. To compare the level of seruvhdgd serum C3 at different time
intervals post-infection, the two-tailed T-test wagplied as parametric data with a
normal distribution were used. To compare the leyte counts between wild type
and properdin-deficient, the two-tailed Mann-Whitne) test was applied with

Bonferroni correction, as non-parametric multipieadwere analysed.
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4.3 Results

In this chapter, | examined the importance of prdpe during bacterial

infection in anin vivo infection model usin@reptococcus pneumoniae D39.

43.1 In vitro analysis

Before studying the role of properdin during pnecouxal infectionin vivo,
the ability of phagocytic cells and/or serum td ISl pneumoniae D39 in vitro was

investigated.

43.1.1 Serum bactericidal assay

Frozen aliquots of properdin-deficient and wild dypnouse serum were
incubated with a suspension of non-passdgemeumoniae D39 for 1 hour at 37°C
before being plated onto blood agar and counted (bapter 4.2.2.3). The same
amount of bacteria was recovered from the cultueglimwhereas the bacteria were
incubated with or without serum (both properdinicieht and properdin-sufficient
sera), meaning no bactericidal effect was obsewidd both types of serum in these

conditions (data not shown).

This same experiment was repeated using fresh mang@uman serum with
both S pneumoniae and E. coli DH5a. E. coli DH5a being known to be serum-
sensitive (to human serum), this strain was useda gsositive control in this
experiment (Aguilar et al., 1999; Mueller-Ortiz at., 2004). Here again, no
pneumococcal serum killing was observed using bodluse and human sera, while,
for DH5a, a significant reduction of bacteria was obseraédr incubation with the
human serum, but none was spotted with both kifidaause sera (see figure 4-4).
This latter result suggested that the sensitivityEo coli DH5a to mouse serum
differed from the one of thE. coli HB101 used in my reference study (Mueller-Ortiz
et al., 2004). The resistance of DiH& mouse serum has been confirmed the same

year by another study (Anisimov et al., 2005).

4.3.1.2 Splenocytes bactericidal assay

In this experiment, the non-adherent splenocyteuladjon obtained from
properdin-deficient and wild type splenocytes afledays of culture was incubated

with different concentrations & pneumoniae D39. After 10 hours, phagocytosis was

154



Characterisation of the properdin-deficient mouseihe

measured by counting the number of bacteria reeovéom the cell culture media
(see chapter 4.2.2.4).

As seen in figure 4-5, the same amount of bactgda recovered from the
properdin-deficient and wild type splenocyte cudtumedia after 10 hours of
incubation. Moreover, this number was the same hdrethe pneumococci were
cultivated alone or in presence of splenocytess Buiggested that these splenocyte
sub-populations obtained from both properdin-defitiand wild-type mice were

unable to phagocytos® pneumoniae D39 under these experimental conditions.

4.3.1.3 Opsonophagocytosis assays

As serum alone and cells alone were not sufficteninduce a bactericidal
effect onS. pneumoniae serotype 2 D39 in the previous assays, severdétieidal
assays involving both humoral and cellular comptsewere then performed. For
practical reasons, human samples were used ingitadurine samples in the

following experiments.

4.3.1.3.1 Peripheral Blood Mononuclear Cells killig assay
Human PBMC were incubated with opsonised and n@owged

pneumococci and, after defined periods of time,raedlular and intracellular
pneumococci present in each sample were countedcfsapter 4.2.2.5). As seen in
figure 4-6, the same amount 8f pneumoniae was recovered from the cell culture
after both the 30 minutes and the 1 hour incubapeniod, and that whether
pneumococci had been cultivated alone or in presefid@BMC, and whether they
had been pre-opsonised or not. After 2 hours afbaton, differences were spotted
between the different samples. More bacteria weesemt in the cell culture media
when pneumococci had been pre-opsonised and iredibath PBMC than when they
had been cultivated alone without pre-opsonisatiGoncerning the intracellular
bacteria, none could be recovered from any of tlé preparations after saponin
treatment (data not shown). These results showadotiagocytosis db. pneumoniae
by PBMC did not occur in these conditions. The birghumber of pneumococci
recovered from samples cultivated in presenceasph for 2 hours was explained by

the fact pneumococci are able to grow in plasma.
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4.3.1.3.2 PMN killing assay
The same experiment was reproduced using PMN reltead of PBMC as

human PMN cells have previously been shown toSkifineumoniae D39 in presence
of normal human serum (see chapter 4.2.2.6) (Beetah., 1995). As seen on figure
4-7, the same amount of pneumococci was recovered the cell culture media
whether pneumococci had been cultivated alone opresence of PMN cells,
suggesting that no phagocytosis of pneumococciumgam PMN cells happened in
these conditions. Pneumococci, here again, useenser proliferate when they were

cultivated in presence of serum.

These preliminary results were contradicting piilgés data showing
important phagocytosis of opsonised pneumococci BB88uman PMN in 30 minutes
(Benton et al.,, 1995). | hypothesised that the nopliils used may have been
activated during their preparation as one drawhmdkhe sedimentation method that
had to be used to isolate sufficient numbers otroehils is the length of time the
neutrophils spend in a sub-optimal environment. pkegocytosis could not be
observed in these conditions using human matekabwing that mice have

significantly less neutrophils than mdmitp://www.jax.org) and as more experiments

could not be performed to improve this technique ttua lack of time, this technique
was not transcribed to mouse and therefore didaflotv the comparison of the

phagocytosis’ efficiency between properdin-defitiand wild type neutrophils.
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B D39 wild type mouse serum m D39 properdin-deficient mouse serum
B D39 human serum B DH5a wild type mouse serum

m DH5a properdin-deficient mouse serum ® DH5a human serum
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Figure 4-4: Serum bactericidal assay. Properdin-deficient magerum, wild type
mouse serum and normal human serum were incubatie&vpneumoniae D39 orE.
coli DH5a for 1 hour at 37°C. Log of mean values +/- SD oigd with 2 different
mouse sera are given. Representative results ebtafrom one out of two
independent experiments are shown.
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Figure 4-5: Splenocytes bactericidal assay. Properdin-defi@adtwild type
splenocytes were incubated with non-opsonisguheumoniae D39 at a MOI of 0.001
and 1 for 10 hours at 37°C at 5% £Qog of mean values +/- SEM from 2 samples
obtained from a same mouse are given. Representasults obtained from one out
of two independent experiments are shown.
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Figure 4-6: PBMC bactericidal assay. PBMC were incubated witisonised and
non-opsonised. pneumoniae D39 at a MOI of 0.8 for various amounts of time at
37°C at 5% C@
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Figure 4-7: PMN cells bactericidal assay. PMN cells were irated with opsonised
and non-opsonisefl pneumoniae D39 at a MOI of 5 for various amounts of time at
37°C at 5% CQ@ Representative results obtained from one ouwofexperiments are
shown.
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432 Progression of streptococcal infection in pperdin-deficient

and wild type mice

Complement playing an important role during infeati including
pneumococcal infection, and properdin being a kegulator of the alternative
pathway, the role played by properdin during infectwith S. pneumoniae D39 was

investigated using a properdin-deficient mouse. line

43.2.1 Intranasal infection

Properdin-deficient and wild type mice from the eseth backcrossing stage
were infected intranasally with a suspension ofspgedStreptococcus pneumoniae
D39 (5x10 pneumococci/mouse) (see chapter 4.2.3.1). Twenty &nd forty eight
hours post-infection, lung homogenate and bloodhiobtl from each mouse were

serially diluted, plated onto blood agar and CFlserenumerated (see figure 4-8).

The amount of pneumococci found in the lungs ofhbutld type and
properdin-deficient animals was relatively simi2& hours post-infection, whereas an
important difference between both groups was medsdi8 hours post-infection.
From 24 to 48 hours post-infection, a 10-fold dasee of pneumococci recovered
from the lungs of wild type mice was observed, wlsrat the same time, a 100-fold
increase in bacterial count was detected in thg@duof properdin-deficient mice,
resulting in the fact that 500 times more pneumocaere recovered from the lungs
of properdin-deficient mice 2 days after infecti@ee figure 4-8A). A similar pattern
was observed in the blood of these mice. While rmgomdifference in the bacterial
load was observed in the blood of properdin-deficiend wild type mice one day
after infection, a 20-fold decrease of the bloogymococci content in wild type
animals was associated with an 80-fold increasténblood of properdin-deficient

mice at 48 hours post-infection (figure 4-8B).

These early data using mice of the seventh backiogsstage showed a
significant difference between properdin-deficiamd wild type mice for both their
blood and lung bacterial loads 48 hours after imd@cwith S. pneumoniae D39. These
preliminary results suggested that, in this inteahénfection model, properdin did not
play a determinant role in the early phase follgyvthe infection, but showed its

contribution at 48 hours post-infection.
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Figure 4-8: Time course of the pneumococci recovered fromuhgs and the blood
of 7-generation backcrossed properdin-deficient amitd type mice infected
intranasally with 5x19S pneumoniae D39. A: from the lungs; B: from the blood
(n=4). The detection limit for the lung homogenates 50 CFU/mg lung. Results are
presented as geometric mean of the log(CFU)/mISEM and were obtained from
one single experiment. *, p<0.05 [two-tailed Manritdey U test].
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4.3.2.2 Intravenous infection

Properdin-deficient and wild type mice from thettehackcrossing stage were
infected intravenously with a suspension of pass&yeptococcus pneumoniae D39
(1x10° pneumococci/mouse) (see chapter 4.2.3.2). Tweoty, fforty eight and
seventy two hours post-infection, blood was obthivia tail bleeds, serially diluted,
plated onto blood agar and CFUs were counted.

As early as 24 hours post-infection, the quantitypweumococci recovered
from the blood of properdin-deficient mice was #igantly higher than what was
recovered from the blood of wild type animals. Hmeount of bacteria present in the
blood of these two groups of mice then increasetthatsame rate from 1 to 3 days
after infection, meaning the 2-log difference olisdr24 hours post-infection was still

observed 72 hours post-infection (see figure 4-9).

The fact that the difference observed between populations of mice stayed
constant from 24 to 72 hours post-infection, togettith the fact that the 2-log
difference for the blood bacterial load was alrepdysent as early as 24 hours post-
infection, suggested that, in contrary to what whserved in the intranasal infection
model, properdin played a major role in the earhage of the infection in this

particular model of intravenous infection.
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Figure 4-9: Time course of the pneumococci recovered from lleod of 10-
generation backcrossed properdin-deficient and type mice infected intravenously
with 1x1C S. pneumoniae D39 (n=5). Results are presented as geometric wfcie
log(CFU)/ml +/- SEM and were obtained from one &ngxperiment. *, p<0.05
[two-tailed Mann-Whitney U-test].
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4.3.3 Intranasal infection model

In order to understand better what happened in gudip-deficient mice
infected intranasally witlS pneumoniae, this experiment was repeated with fully
backcrossed properdin-deficient mice. Thus, mictheftenth or higher backcrossing
generation stage were used for the following expents. Both properdin-deficient
and wild type mice were infected intranasally wittbx1G S. pneumoniae D39.
Infected mice were monitored twice a day and, aseh time post-infection, mice
were culled and their blood and lungs were takenafalysis (see chapter 4.2.3.1).
Different parameters such as C3 and immunogloiMlievels, blood clotting kinetics
and percentage of leukocytes present in the lwsyidi of these infected animals were

measured and compared.

43.3.1 Progression of streptococcal infection inrpperdin-deficient and wild

type mice
Lung homogenates and blood from properdin-deficaard wild type mice 0,

6, 24 and 48 hours after infection were seriallytdd and plated onto blood agar.

CFUs on the plates were counted the next day (sgater 4.2.7).

The number of bacteria present in the lungs of w§ide mice decreased
massively from 0 to 6 hours after infection. Thiassollowed by a marked increase at
24 hours post-infection and then the number ofds&ctn lung tissue stayed relatively
stable from 24 to 48 hours post-infection. Conaggrthe properdin-deficient mice,
the same pattern was observed 6 hours after iofecNevertheless, there was no
increase in bacterial number from 6 to 24 hours,ebgubstantial increase occurred
from 24 to 48 hours post-infection. Twenty four heuwafter infection withS.
pneumoniae, 10 times more bacteria were counted in the lissgié of wild type mice
than in the lungs of their properdin-deficientdithates and this trend reversed at 48
hours where 4 times more bacteria were observgaaperdin-deficient lung tissue
(figure 4-10A).

In the blood, CFUs were counted only at 24 and @@ $ post-infection. Both
properdin-deficient and wild-type mice had the samenber of bacteria present in
their blood 24 hours post-infection. From 24 to H&urs post-infection, the same
pattern as the one observed previously in the lumgs seen for both properdin-
deficient and wild type mice. Therefore during thme frame, the number of bacteria
present in the blood of wild type mice slightly dessed whereas, in properdin-
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deficient mice, this number increased. Twenty fbours post-infection, almost 4
times less bacteria were recovered from properdficient blood than from wild type
blood, whereas 48 hours after infection, 31 timesarbacteria were counted in the

properdin-deficient mouse blood than in the wilpgeyolood (figure 4-10B).

These results showed again that properdin-deficmite had a markedly
higher bacterial load in both their lungs and bld&hours after intranasal infection
with S. pneumoniae D39 than their wild type littermates. The factttha significant
difference was obtained at this time point for tih@od CFUs was easily explained by
the presence of one outlier in our properdin-defitipopulation (one properdin-
deficient mouse completely cleared the infectionhd8rs post-infection) and by the

low number of samples tested.

433.2 Survival of challenged properdin-deficienand wild type mice

Ten properdin-deficient and wild type mice wergantsally challenged with
S pneumoniae and monitored for 7 days (see chapter 4.2.4)th&Imice survived the
first two days of the experiment. At 3 days pog$éation, an important death rate was
observed in wild type animals (4 mice out of 10d)lievhereas only one properdin-
deficient mouse succumbed. At the end of the onekvexperiment, 8 out of the 10
properdin-deficient mice survived, whereas onlyud af the 10 wild type did (figure
4-11). This experiment therefore showed that, while critical point for mice to
succumb pneumococcal infection (2-5 days) was dineesin both group, there was a
significant advantage for properdin-deficient mide survive pneumococcal

pneumonia and sepsis.
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Figure 4-10: Time course of the pneumocoa&covered from the lungs and the
blood of 10-generation or more backcrossed propeatdficient and wild type mice
infected intranasally with 1.5x2@® pneumoniae D39. A: from the lungs; B: from the
blood (n=2 (t0), n=5-6 (t6) and n=8-10 (t48)). THetection limit for the lung
homogenate was 50 CFU/mg lung. Results are presastggeometric mean of the
log(CFU)/ml +/- SEM and were obtained from two ipdadent experiments.
p>0.2 [two-tailed Mann-Whitney U test].
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Figure 4-11: Kaplan-Meier survival curves of properdin-defidigpink line) and
wild type (blue line) mice challenged intranasaflith 1.5x16 S. pneumoniae D39

for 7 days (n=10). Results were obtained from dngle experiment. p=0.068 [log
Rank test]. p=0.01 [chi square goodness-of-fif test
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4.3.3.3 Baseline level of various markers in uncHeahged mice

Blood clot formation, serum levels of IgM and C& amportant markers that
can vary during infection. In order to study themeameters in properdin-deficient
and wild type mice during infection, it was fundarted to investigate first their
baseline levels in unchallenged mice in order tsues that the absence of properdin
did not affect them.

4.3.3.3.1 Coagulation time
The initiation clotting time of mouse blood was maa@d using rotational

thromboelastography (ROTEE ROTEG was performed first using whole blood
anti-coagulated with ACD buffer (see method 1, t¢tbapt.2.8.2). Clotting was
induced by adding calcium ions to the samples arkl o and MA values were

measured for properdin-deficient and wild type bl¢see table 4-3).

The reaction time (r), clotting time (k) and growtite of the blood clotal)
were found to differ importantly between differenice with the same phenotype. As
duplicates were always showing high reproducibildgta not shown), the variations
observed for these parameters were thought to leetdua problem during the
sampling of the blood. It is worth mentioning thdbod samples were withdrawn
from more mice for this experiment, but these saspbuld not be used as the blood
was already beginning to clot before even the amdiof the calcium ions. Tissue
factor, a protein playing a crucial role in bloodagulation, by catalysing the
formation of a thrombus and thus decreasing theitiun time of the clot formation
and increasing its growth, is expressed in sub-matial tissues (Nielsen and Crow,
2004). A little amount of this tissue factor is alg taken altogether with the blood
during the cardiac puncture as the needle has tihrgoigh layers of tissue. During
this first set of experiments, few punctures wesmatimes performed to maximise
the quantity of blood withdrawn from one single reewand this may be responsible

for the variabilities observed between samples.

Therefore, for the next set of experiments, extaations were taken when
performing the cardiac puncture (only one punctofethe cardiac tissue was
performed per mouse to withdraw the blood) to misemany variation of the
concentration of endogenous tissue factor takem wach sample and the anti-

coagulation buffer used was changed as well (sethade2, chapter 4.2.8.2)
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(Landskroner et al., 2005). A typical ROTE®acing obtained under these conditions

is shown in figure 4-12.

In this second set of experiments, the ranges hifegafor the 4 parameters
measured were close within a same group as showntke low standard deviation
obtained (table 4-4). This technique was thus uedall the future ROTE®
experiments performed. Morever, these results wereoncordance with the ones
obtained by Landskroner and coworkers when usind type C57BI/6 mouse blood
(r=4.5min+/-0.7; k=0.8min+/-0.1 and a=81%/-1.7), the lowest value for r in our case
being explained by the fact that more tissue fastas taken when withdrawing the
blood by cardiac puncture (the bleeding was doree thie inferior vena cava in

Landskroner’s experiments) (Landskroner et al. 5200

No difference in clotting time (r, k), kinetics ofot formation ¢) and clot
strength (MA) was observed between unchallengedgudin-deficient and wild type
blood.

4.3.3.3.2 Serum concentration of total immunoglobuis
The level of IgG and IgM present in the serum o€hallenged properdin-

deficient and wild type mice was investigated ugifterent ELISA techniques. First,
the levels of both immunoglobulins in the serunpadperdin-deficient (n=4 for 1gG,
n=6 for IgM) and wild type mice (n=4 for I1gG, n=6rflgM) from the third to the
seventh backcrossing stage were analysed usingdaredt ELISA technique (see
chapter 4.2.9.1). Similar ODs were obtained fohbaitenotypes, with a similar OD
increment following serial dilutions of the sampléata not shown). These early data
suggested both phenotypes had a same level of ng@g. The exact serum IgM
concentration of properdin-deficient and wild typece from the tenth or higher
backcrossing stage was then determined using a eotrahlgM ELISA (see chapter
4.2.9.2). No significant difference in the totalMglevel was observed between
properdin-deficient (84.1 ng/it4-47.9 (meaw-SD), n=10)and wild type (88.1 ng/ul

+/-42.4, n=19) mouse sera.

4.3.3.3.3 Serum concentration of the C3 component
The level of C3 present in the serum of unchalldng®perdin-deficient and

wild type mice from the tenth or higher backcrogsstage was measured using a

commercial ELISA kit (see chapter 4.2.9.3). No #igant difference in serum C3
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was observed between properdin-deficient (0.75mgh22 (mearn/-SD), n=5) and
wild type (0.69 mg/mk/-0.19, n=5) mouse sera.

Parameters Wild type mice Properdin-deficient mice
r (min) 8.5+-5.7 6+-2.1

k (min) 5.6+-3.2 3.6/0.1

a(®) 44.3+-17 53.5/-0.7

MA (mm) 64+-3.6 66.5/-7.8

Table 4-3: Thromboelastographic parameters (me&D) obtained by ROTE®S
analysis for wild type and properdin-deficient melmood anti-coagulated with ACD

buffer (n=3 wild type and n=2 properdin-deficientas).

Parameters Wild type mice Properdin-deficient mice
r (min) 3.5+-0.4 3.3/0.1
k (min) 1+-0.4 0.940.1
a (%) 78.5/-3.6 79.-1.4
MA (mm) 69+-7.1 68.5/-2.1

Table 4-4: Thromboelastographic parameters (me&D) obtained by ROTE®
analysis for properdin-deficient and wild type meuslood anti-coagulated with
citrate buffer (n=2).

Figure 4-12: Typical ROTEG tracing obtained for mouse blood anti-coagulated
with the citrate buffer. In green: r (reaction timm purple: k (clotting time); in red:
a (alpha angle).
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4.3.34 Characterisation of blood clot formation inproperdin-deficient and

wild type mice challenged withS. pneumoniae

As complement and coagulation are connected atfieasoagulation pathway
is known to be modified during the different phag#kwing bacterial infection, the
kinetics of clot formation using blood obtainedrfrahallenged properdin-deficient
and wild type mice was investigated (Esmon, 2004cK@an, 1975; Markiewski et al.,
2007). Blood samples withdrawn from animals 0, 24 48 hours after intranasal
infection with S, pneumoniae D39 were analysed by rotational thromboelastograph
(see chapter 4.2.8.2). The results obtained aremsuised in table 4-5 and figure
4-13.

Table 4-5A presents the mean values obtained fibr the properdin-deficient
and the wild type population. Twenty four hourseafinfection, the different
parameters measured (r,0k, MA) were similar for both properdin-deficient andld
type mice (figure 4-13A). Moreover, these valuesex@mparable as well to the ones
observed with unchallenged mice, meaning there measctual difference in clot
initiation time and clot dynamics from 0 to 24 heyost-infection.

Forty eight hours after infection, the clot initat time (r) of wild type mice
showed a slightly higher value compared to the @mip-deficient one and compared
to the results obtained at 0 and 24 hours postiioie (figure 4-13A). The other
parameters measured at 48 hours were similar torths observed at 0 and 24 hours
post-infection, except for the MA value (strengfthtlee clot) that was slightly higher
for properdin-deficient mouse blood, suggesting ¢hatronger blood clot was formed

in properdin-deficient mice 48 hours after the Erade withS. pneumoniae.

Then, when analysing further the data obtained feach single mouse, some
differences could be detected inside a same grbapae. | thus divided the mice into
two new groups, one called “bacteraemia” and theerot'no bacteraemia”, the
bacteraemia state being defined as the presengactdria in the blood of the animal
at the culling time (table 4-5B and figures 4-13®@l&-13C). Twenty four hours post-
infection, the four coagulation parameters wereilaimn both bacteraemia and no
bacteraemia groups for the wild type blood. Conicgrthe properdin-deficient mice,
at this same time point, all parameters but theioitation time (r) were similar. In
general, the blood of properdin-deficient mice simgnbacteraemia needed less time
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than the unchallenged blood to begin to clot, waethe blood of properdin-deficient
mice with no sign of bacteraemia had a markedlyomiged clot initiation time.

The pattern just described for the properdin-defitisub-groups at 24 hours
post-infection was observed as well for the wildetymouse blood at 48 hours post-
infection (table 4-5B and figures 4-13B and 4-130)e r value was markedly lower
in the blood of mice with bacteraemia than in tine of non-infected mice, whereas
mice with no evidence of bacteraemia had a proldrd@t initiation time. In addition
to that, the k value (clotting time) of mice shogino sign of bacteraemia was twice
as high than the k value of mice with bacteraemidnancing even more the kinetic
difference in clot formation between blood of animéth bacteraemia and blood of
animal without bacteraemia. Tleevalue (clot growth) being related to the k valae,
difference between both groups of wild type miceswhserved for this value as well.
Concerning the properdin-deficient mice, differeneeere observed too between the
bacteraemia group and the no bacteraemia groupisttitne point. Again, the
differences mainly concerned the clot initiatiomei (r), but this time, the presence of
bacteria in the blood of the mice was a factor giratonged the time required for a
clot to form. In addition to that, mice showing rssgof bacteraemia 48 hours after
infection with S. pneumoniae had a remarkably higher MA value than any other

samples, meaning the clot formed under these gonditvas stronger.

A last parameter obtained from the ROTE®acing that has not been
discussed vyet is fibrinolysis. Effectively, if finolysis occurs, it will be specified by
the ROTEG, and after the 120 minutes of analysis, only thamt samples began to
show signs of fibrinolysis detectable by the syst@ata not shown). Both blood
samples came from properdin-deficient mice presgnéividence of bacteraemia 48
hours after infection witls. pneumoniae, meaning the clot formed with the properdin-

deficient blood taken 48 hours after infection withpneumoniae was the least stable.
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t=0 hour Wild type mic? Properdin-deficient mice
r (min) 3.5+-0.4 3.3/0.1

k (min) 1+-0.4 0.9+0.1

a (%) 78.5:-3.6 79/-1.4

MA (mm) 69+-7.1 68.5+-2.1

t=24 hours Wild type mice Properdin-deficient mice
r (min) 3.1+-1.6 3.1-1.2

k (min) 1.1+0.3 1.3/0.6

a(®) 76.5-3.3 74.8/-6.6

MA (mm) 68.7%/-7.5 69.4/-7.4

t=48 hours Wild type mice Properdin-deficient mice
r (min) 4.3+-2.2 3.7+-2.5

k (min) 1.4+-0.6 1.3/0.5

a (%) 74.2:16.6 7616.2

MA (mm) 70.2/-9.4 75+-14

B
Parameters Wild type mice Properdin-deficient mice

t= 24 hours | No bacteraemia Bacteraemia No bacteraemid Bacteraemia

r (min) 3+-1.6 3.1-2.3 4.1+-0.1 2.3/:0.9
k (min) 0.9+-0 1.340.2 1.10.1 1.5/0.8
a(®) 79+-0 74:1-2.8 77.51-2.1 73/,8.6
MA (mm) 71+-1.4 66.5/-12 71.5/5 68+-9.5
t=48 hours | No bacteraemia Bacteraemia | No bacteraemig Bacteraemia
r (min) 6.1+/-1.3 2.510.1 1.6 4.7+-2.4
k (min) 1.8+-0.4 0.9+0.5 14 1.2-0.6
a (%) 70+-4.2 78.5/-6.4 74 7#-8.5
MA (mm) 68.5+-3.5 72/-15.6 59 83+-2.8

Table 4-5: Thromboelastographic parameters obtained by RCTEGalysis for
properdin-deficient and wild type mouse blood affedent time intervals after
infection with S pneumoniae. A: for the wild type and properdin-deficient
populations considered as a whole (n=2 at t=0 haw4-5 at t=24 hours and n=3-5
at t=48 hours) and B: by taking into account thenbar of bacteria recovered from
the blood of the mice at the culling time (n=2-3ta24 hours and n=1-3 at t=48
hours). Results are presented as meaDb.
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Figure 4-13: Evolution of the clotting reaction time (r) meastirby ROTES
analysis during the time course of the infection.u8ing wild type and properdin-
deficient populations considered as a whole (n5385)using only wild type and
properdin-deficient mice showing signs of bacteraenat the culling time (n=2-3)
and C: using only wild type and properdin-deficianice showing no sign of
bacteraemia at the culling time (n=1-2). Resulésexpressed as me#sD.
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4.3.3.5 Serum concentration of IgM in properdin-detient and wild type

mice challenged withS. pneumoniae D39

Natural antibodies of the IgM type play an impottaole in the first innate
immune defence against bacterial infection (Boeal.et1998). Because complement
activation requires 2 Fc portions in close vicingpd because of the pentameric
structure of IgM, IgM is also better than any otl@munoglobulin to initiate the
classical complement pathway (Brown et al., 200®) ensure that the same level of
IgM was present in both properdin-deficient anddwiype mouse serum at various
time intervals after infection, its concentratiomsvmeasured by ELISA (see chapter
4.2.9.2). As seen on figure 4-14, the total IgMelemeasured at each time point
showed no difference between properdin-deficient aiid type sera. Nevertheless,
IgM levels in both properdin-deficient and wild &/pnouse sera were seen to have
decreased significantly at 24 and 48 hours poseEtidn when compared to the zero
time point, suggesting serum IgM should have botmdhe pathogens to initiate

immune defences.

4.3.3.6 Serum concentration of C3 component in pr@din-deficient and

wild type mice challenged withS. pneumoniae D39

The concentration of C3, an acute phase reactahth@ncentral component of
the complement system, was measured by ELISA ih paiperdin-deficient and wild
type mouse serum at various time intervals aftéeciion (see chapter 4.2.9.3). As
seen on figure 4-15, the same amount of serum CS8 abserved in the serum
obtained from properdin-deficient and the one at&difrom wild type mice at 0 and
at 6 hours after infection witB. pneumoniae. A slight increase of the C3 level was
observed 24 hours post-infection in the sera df lgopbups of mice, the concentration
of serum C3 in both cases staying inside the nomaafje for mouse serum C3
concentration (data sheet of the mouse C3 ELISAIEIL). Forty eight hours after
infection, a significant increase was observed sdrem level of C3 in wild type mice
being elevated 2-fold compared to the one observedchallenged animals, whereas
the concentration of C3 in properdin-deficient segached more than 1.55 mg/ml,
this is to say three times more than the one ohaltenged animals and two times
more than the level observed 24 hours post-infectibhus, while the serum

concentration of C3 was still inside the normalgefior wild type animals 48 hours
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post-infection, the one of properdin-deficient miwas not included in this range

anymore.

Importantly the mice with a serum C3 level above tiormal range 48 hours
after infection (for both properdin-deficient andldvtype animals) had as well the
highest amount o8 pneumoniae recovered from their blood and lungs, whereas the
mice showing a normal C3 level 48 hours post-indectwith S pneumoniae
presented no or few sign of bacteraemia. As seefigare 4-16, the level of serum
C3 seemed to be related to the amount of bactecavered from the blood of mice
48 hours post-infection witB. pneumoniae, and this independently of the phenotype.
Unfortunately, the number of samples used was sarall therefore more samples

would need to be analysed to confirm this trend.

4337 C3 cleavage in properdin-deficient and wiltype mouse lung tissue

during infection with S. pneumoniae D39

In order to determine the extent of complement wathactivation in both
properdin-deficient and wild type mice challengettanasally withS. pneumoniae,
the level of the C3 activation products presenmiuse lung tissue, the place where
the infection actually begins, was investigatedVidgstern blot analysis at different
time points post-infection (see chapter 4.2.10e Pblyclonal anti-C3 antibody used
in this experiment (ICN Pharmaceuticals, Inc.) w#d the detection of the chain
C3 fragments C3b (104 KDa), iC3b (63 and 41KDa)dg 340 KDa) and C3d
(35KDa), with the small fragment of iC3b and C3dgpearing as a single band as
seen on figure 4-15 (see chapter 1.2.7.1 and figirBe The3 chain of C3 could not

be visualised under these conditions.

The quantity of C3-derived opsonin molecules preseriung homogenates
(including therefore both soluble and membrane-boQB8b and iC3b) was similar in
both groups from 0 to 24 hours post-infection, @&b level being higher than the
iC3b one (figures 4-17A and 4-17B). At 48 hours tpogection, a different
densitometric pattern was observed: properdin-ficmice had a higher level of
iIC3b than their wild type littermates as seen with intensity of the 63KDa band,
while, at the same time, the level of C3b stayexilar (figure 4-17C). Here again,
properdin-deficient and wild type mice could bewgyed according to the presence of
bacteria in their blood at the time of culling. OBhs found at a higher concentration

in the lungs of mice presenting no or little sighbacteraemia compared to mice
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presenting signs of bacteraemia, and that indeplydaf the presence or absence of
properdin, while, in mice presenting signs of beaenia, the band corresponding to
“iC3b and C3dg” (40KDa) was more intense. In thib-group of mice, it was evident
that the band corresponding to the “iC3b+C3dg” inagts was denser in properdin-
deficient mice than in their wild type littermatdsspite the fact that the level of the
63KDa band corresponding to the other fragmenC@8biwas similar in both groups.
This difference of intensity between the two barmsresponding to the two
fragments of the iC3b molecule suggested that @€8dd¢d actually be detected in this
case. In fact, in every other sample, both fragseaitthe iIC3b molecules were
detected with the same intensity, meaning the “#3kdg” band in these cases was
mainly representing iC3b. However, the fact that@B8dg molecule is issued from the
degradation of the 63KDa fragment of the iC3b mulecand the intensity of the
63KDa fragment of the iC3b molecule was expresseddsamilar level in properdin-
deficient and wild type animals 48 hours post-itifet meant that the increase in
intensity for the “iC3b+C3dg” band observed in prafin-deficient animals was
partly due to the presence of C3dg and partly due thigher level of iC3b in

properdin-deficient lungs.

It is worth noting that an extra band of 35KDa esponding to the C3d
fragment could be observed in one properdin-deficaad one wild type mouse lung

tissue 48 hours after infection (figure 4-17C).
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Figure 4-14. Concentration of total serum IgM (ng/ul), measutsd ELISA, in
properdin-deficient and wild type mouse sera dedeht time points after intranasal
infection with S. pneumoniae D39. Results were obtained from one single inbecti
experiment. *, p<0.03; **, p<0.02; ***, p<0.01 [Twtailed T-test against [properdin-
deficient and wild type levels at t=0]].
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Figure 4-15: Concentration of serum C3 (mg/ml), measured byS&lL lin properdin-
deficient and wild type mouse sera at differentetipoints after intranasal infection
with S. pneumoniae D39. The two violet lines delimit the normal rangfeserum C3
in mice. Results were obtained from one singledtda experiment. *, p<0.03 [Two-
tailed T-test against [properdin-deficient and wiide levels at t=0]].
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Figure 4-16: Graph plotting the serum C3 level against the remab pneumococci
recovered from the blood of properdin-deficientniQi and wild type (blue) mice
showing out-of-range C3 concentrations 48 hoursr afttranasal infection witls.
pneumoniae D39.
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Figure 4-17: Western blot analysis of C3 activation productsspnt in mouse lung

tissues obtained from properdin-deficient and wyjoe mice at chosen time intervals
post-infection. C3 activation products were detct@a the use of the polyclonal

HRP-labelled goat anti-mouse C3 antibody. A: ah@ 24 hours post-infection; B: at
24 hours post-infection and C: at 48 hours podetidbn. Representative results
obtained from two independent Western blots usarges obtained from one single
infection experiment.
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4.3.3.8 Differential leukocyte analysis of cytospulung homogenate

A differential analysis of pulmonary leukocytes wagserformed by
cytospinning the lung homogenates obtained fronecteid properdin-deficient and
wild type mice and by staining those with Giemsairsi{see chapter 4.2.11). Each
type of leukocyte present on the microscope slids then easily identified according
to their morphology. As seen on figure 4-18, alaeomacrophages, monocytes,
leukocytes and granulocytes could easily be diatsiged according to their specific
characteristics. The distribution of each leukog@gulation at each time point post-

infection was then calculated and the results abthare presented on figure 4-19.

At the very beginning of the experiment (time pdijita similar proportion of
neutrophils (22-25%), lymphocytes (35-36%), alveat@acrophages (35-36%) and

monocytes (4-8) was found in the lungs of proped#ficient and wild type mice.

No major difference was seen from 0 to 6 hours-pdsttion in wild type
animals, while in properdin-deficient mice, almé§i% of the leukocytes present in

the lungs of these mice were macrophages by that ti

At 24 hours post-infection, the proportion of moytes present in the lungs of
both properdin-deficient and wild type animals adasably dropped. The majority of
white blood cells in properdin-deficient infectechgs were therefore neutrophils.

Two days post-infection, it was then the turn & mphocytes to be the most
represented leukocyte population in the lungs d¢d tyipe animals. At each time-point
(from O to 48 hours), lymphocytes always represtrasound 35 to 40% of the
leukocytes present in the lung of wild type animétsproperdin-deficient mice, the
dominant population 48 hours post-infection was tileeitrophils one (representing
60% of the leukocytes present in the lungs), tineplyocyte being represented in this
case by only 22% of the leukocytes.

Three days after infection, while for the wild typeice, the lymphocyte
population was still the most represented (57%)tHe properdin-deficient mice, both
the neutrophils (43%) and the Ilymphocytes (37%) ewdrighly represented.
Concerning the other leukocyte populations, thelmtive expression stayed relatively

stable compared with the 48 hours time point.
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Figure 4-18: Representative picture of lung homogenate cytogmio a microscope
slide and stained with Giemsa. Lymphocytes, mores;ygranulocytes and alveolar
macrophages could easily be distinguished accordmgtheir morphological

characteristics.
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Figure 4-19: Differential analysis of the neutrophil, lymphogeytmacrophage and
monocyte populations in mouse lung tissue obtaiinech properdin-deficient and
wild type mice at defined time intervals after antasal infection witls. pneumoniae
D39. A: for wild type mice and B: for properdin-dgént mice (n=2 at t=0 hour,
n=4-5 at 48 hours and n=5 at t=6, t=24 and n=2{3'& hours post-infection). p>0.1
[two-tailed Mann-Whitney U test].
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4.4 Discussion

The complement system plays a key role during sanatmune response
towards pathogens, includirgly eptococcus pneumoniae. Different investigators have
studied the role played by the complement systenmglypneumococcal infection
using complement-deficient mice and concluded biogih the alternative complement
pathway and the classical complement pathway weneagor importance to clear the
infection and to reduce the mortality (Brown et 2D02; Xu et al., 2001). In order to
study the specific role played by properdin durstgeptococcal infection, a model
using S. pneumoniae serotype 2 strain D39 and properdin-deficient anoperdin-
sufficient mice (on C57BIl/6 background) was develbp Importantly, the mere
absence of properdin did not influence baselingeladion kinetics, IgM, IgG or C3
serum level, supporting the fact that this mouse (maintained in a barrier unit) did

not seem immunocompromised when unchallenged.

441 Properdin seems to play a sepsis-limiting m®lat a late stage

(48 hours) following streptococcal infection...

In the first day following intranasal infection Wi§ pneumoniae, the presence
or absence of properdin did not seem to impactr@umococcal clearance, as similar
bacterial loads were found in the lungs of bothpprdin-deficient and wild type mice
6 hours after infection. In another infection stugyng similar conditions (intranasal
infection of C57BI/6 mice with 1xT0S pneumoniae D39), at the same time post-
infection, the effect of the absence of the C3 comemt could already be measured
(higher bacterial loads in the lung tissue), sutiggghat, in contrast to properdin, this
component was of major importance at an early salfwving the infection (Kerr et
al., 2005). However, here, the absence of propesdis noticeable at a latter stage
(from 24 to 48 hours post-infection): properdinideint mice were unable to contain
the pneumococcal infection 48 hours post-infectemsseen with the higher bacterial

loads in the blood and in the lungs of these arimal

Other parameters such as blood coagulation kinaiidsC3 levels tended to
confirm the fact that properdin’s contribution app at a late stage (2 days post-
infection) in this model. In fact, when groupingoperdin-deficient and wild type
mice according to the presence or absence of prsaguiin their blood at the time

of culling, differences in blood coagulation paraens were observed. The quicker
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blood clot’s formation in wild type animals preseqtsigns of bacteraemia 48 hours
post-infection was most likely due to the initiatiof the pro-coagulant cascade in an
attempt to restrain the dissemination of the baciarthese animals, while the slower
formation of the blood clot observed using the di@d wild type mice showing no
signs of bacteraemia confirmed the fact these mee recovering from an infection
(Geelen et al., 1992; Guckian, 1975). Concernirgp@rdin-deficient mice presenting
signs of bacteraemia, the time required to indleeformation of a blood clot was
slightly reduced 24 hours post-infection, suggestimt septicaemia was developing
earlier in these mice than in their wild type litteates. The initiation of the
coagulation was slower at 48 hours post-infectsuggesting that the sepsis was more
severe in these mice than in the wild types as dhig-coagulant phenomenon is
usually observed at a later stage during septiaenwtien there is a limitation of the
pro-coagulant factors (coagulopathy). This ideaemforced by the fact that the
properdin-deficient blood clot was less stable tki@a one obtained with wild type
blood 48 hours post-infection. In conclusion, tmeperdin-deficient mice seemed to

reach a sepsis state quicker than their properdiicient littermates.

C3 is a positive acute phase protein, meaningeitsns concentration increases
during infection. In this model, C3 serum conceaimrawas shown to be stable during
the day following the pneumococcal challenge, baswnarkedly higher 48 hours
post-infection for both properdin-deficient and avilype groups. This result was in
concordance with those obtained by different grogeently: one study showed that
the serum C3 level stayed constant in a mouse n&Haburs after infection wits.
pneumoniae and another study demonstrated that this levelim@sasing only at the
late stage of an induced sepsis in a rat modelr (&eal., 2005; Kulah et al., 2006). In
my study, even if serum complement 3 protein cottaéon was found to be higher
in both properdin-deficient and wild type mice 48ubs post-infection, the rise was
significantly more pronounced in properdin-defi¢ieanimals. This observation
suggested again that the absence of properdin im&sdl with a more severe

septicaemia 48 hours after infection w&rpneumoniae.

Taken together, the higher bacterial loads in luagd blood, the changes in
blood kinetics and the higher systemic C3 levelegavidence that properdin-deficient
mice encountered a more severe septicaemia thanwihe type littermates 2 days

post-infection, and that was probably due to thet fhat the induction of the septic
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stage happened earlier in properdin-deficient timamwild type mice. This may be
explained by the fact that, properdin being a hwahoomponent, the complement
activation in the blood of properdin-deficient mieas reduced due to the absence of
the alternative pathway’s activation loop, resujtim a poorer clearance of the
pneumococci after their passage from the lungheoblood and, therefore, leading
afterwards to the re-seeding of more bacteria théolungs and logically to a higher
infection state. C3 serum level and blood coagutafpathway activation, being
dependent of the level of the infection, were thugher in properdin-deficient
animals. The essential role played by properdirthm blood to limit the bacterial
count was highlighted in my intravenous infectiondal. In this case, the systemic
bacterial load was always found to be higher impprdin-deficient mice than in their
wild type littermates and that as early as 24 h@ast-infection. Properdin seemed
therefore to reduce the number of pneumococci enltlood at an early stage post-
infection. And when the number & pneumoniae present in the blood became too
important, the influence of properdin became miniagashown by the similar rate of

bacterial growth from 24 to 72 hours post-infectiofoth groups of mice.

4472 ... but the presence of properdin leads to andreased

mortality
However, despite the fact that properdin-deficiemte seemed to develop

septicaemia earlier than the wild type mice and middl seem able to contain the
infection, the survival rate of these mice was @vas high following intranasal
infection with S pneumoniae (survival rate of 80%) than that of their wild &/p
littermates (survival rate of 40%). For both phepes, the critical point was 2 to 5
days post-infection. The results obtained for thiel type mice were in concordance
with what has already been published in the litesafor C57BI/6 mice intranasally
infected with D39 pneumococci (survival rates fr8im5% to 50%, succumbing time
from 48 to 96 hours post-infection) (Brown et 2002; Gingles et al., 2001; Kerr et
al., 2005). However, it was the first time that #isence of a complement component
— properdin — did increase the survival chance h#d infected animals as all
complement-deficient mice already tested — Clgectof B-, C3- and C4-deficient
mice (of a C57BI/6 background) — always had a highertality rate than their wild
type littermates one week after intranasal infectwith a similar dose ofS
pneumoniae D39 (Brown et al., 2002; Kerr et al., 2005). Semly, factor D-, CR1/2-,
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CR3- and CR4-deficient mice (of a C57BI/6 backgebas well) infected intranasally
with a similar dose of serotype 3 pneumococci (Wb&) a lower survival rate than
their wild type littermates (Ren et al., 2004). Tdlesence of properdin only partially
impaired the alternative complement pathway, tleegfthe expectation was that
properdin-deficient mice would have a better swualvihan factor B-, factor D- or C3-
deficient mice as, in these complement-deficientemithe ability to activate the
alternative complement pathway was completely aheli. However, properdin-
deficient mice were not expected to survive better infection than properdin-
sufficient mice. This gave evidence that propendas playing a detrimental role in
this model.

At this point, it is worth mentioning that, aftertianasal infection, 37.5% of
the wild type mice had completely cleared the inéecin both their lungs and blood
by 48 hours post-infection, whereas only 10% of pineperdin-deficient mice had
cleared the infection in both their lungs and bloatdthis same time-point (the
presence of mice that cleared the infection ancerthat did not clear the infection
explain the important standard error of the megonted earlier). Therefore, | just
showed that, in one set of experiments, 40% oWileetype mice survived the week’s
experiment while, in another set of experiments,5% of the mice cleared the
infection by 48 hours post-infection. It is easystgppose that the mice that cleared the
infection after 48 hours were probably the onescihsurvived in the survival
experiment. Concerning the properdin-deficient miocaly 10% of the mice had
cleared the infection by 48 hours, but 80% of th&emsurvived the week’s
experiment. This showed that, in the case of pdipateficient mice, animals that did
not clear the infection by 48 hours post-infectmuld still overcome the infection
and survive. Therefore, it seemed that properdis playing its essential humoral
activity via its complement activation loop to linthe bacterial count in the blood of
wild type mice during the first two days post-iniea. And if the system had failed to
clear the infection by this crucial point, the pmagcocci could be re-seeded into the
lungs via the blood circulation and, at this stdbe,presence of properdin appeared to

be detrimental.

443 What is the role played by properdin in thisnodel?

To investigate the influence that properdin coultvéh in the lungs during

pneumococcal infection, the different leukocyte ylapons present in the lungs of
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both groups of animals were analysed and compé&leck again, the results obtained
for the wild type mice were as expected: an infafxneutrophils was observed 24
hours post-infection, followed by a macrophageltiraiion 48 hours post-infection,

while at 72 hours post-infection, the proportionyshphocytes present in the lungs of
these mice was increasing (Bergeron et al., 1998 3Bie and Balakrishnan, 2000;
Kadioglu et al., 2000). Thus, in wild type animdlse neutrophil migrated massively
to the lungs at 24 hours post-infection when thedyal load was at its maximum and
then, at 48 hours post-infection, the monocytesetted to the lungs to clear the
debris and the apoptotic cells (Bergeron et al98)9Concerning the properdin-
deficient mice, a similar increase was observedttier neutrophil population at 24
hours post-infection, but this influx lasted longezaching its maximum 48 hours
post-infection, and the proportion of neutrophilaswstill important 72 hours post-
infection. No particular change was observed ferttiree other leukocyte populations
present in the lungs of properdin-deficient animaisany time point post-infection

(the rise and fall of the curves observed on thaplgrbeing relative, due to the
variation of the neutrophil population). Howeveesgite the important proportion of
neutrophils present in the lung tissue 48 hourst-jpdsction, no pneumococcal

decline was observed in both the lungs and thedbtioproperdin-deficient mice 2

days after infection. These results suggested tatphagocytic function of the
neutrophils could be altered by the absence ofgrthp in these mice. When looking
only at the mice that did not clear the infection48 hours post-infection in both
groups, the importance that the neutrophils coaldehin this model was reinforced:
in this case, the percentage of neutrophils waskeddy higher in the properdin-

deficient sub-population (representing 73% of té¢éakocytes) than in the wild type
sub-population (representing 40% of total leukogytelespite both sub-populations
having a relatively similar level of pneumococcitireir blood and lungs at this time-
point. As properdin has been shown to be storedhen secondary granules of
neutrophils and could be secreted upon stimulatiim various chemotactic agonists,
| hypothesised that properdin may play a role dumutrophil activation and its
absence in properdin-deficient mice may affect sar@etrophil’s functions, which

could explain the behaviour observed for proped#ficient mice during

pneumococcal pneumonia (Wirthmueller et al., 1997).
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This putative impairment of the neutrophil’s furmetiin properdin-deficient
mice did not seem to be due to a chemotactic pmobla fact, the proportion of
neutrophils in infected properdin-deficient lungasahigher than in infected wild type
lungs and their influx lasted longer in the abseoteroperdin. Even so, as we are
speaking about relative percentages, no indicadbout the actual number of
neutrophils migrating into the lungs was given; data highly suggested that high
numbers of properdin-deficient neutrophils wergaated to the infection site, the
other explanation for the high proportion of neptris in infected properdin-deficient
lungs (the actual number of neutrophils stayedlstahd the three other leukocytes
population decreased tremendously) appearing lessiple. Moreover, an agarose-
droplet migration assay using neutrophils from prdm-deficient and wild type mice
showed that properdin-deficient neutrophils weré¢ mopaired in their ability to
migrate towards fMLP, a pro-inflammatory bactenmptide known for its strong
neutrophil chemoattracting and activating properti€Stover, C., personal

communication).

After considering the migratory function of the peodin-deficient
neutrophils, their phagocytic activity was inveated. Using Western blot, | looked at
the level of opsonins present in the lungs of lgythups of infected animals to ensure
that if there was any defect in phagocytosis, iswat due to a different level of
complement activation leading to a difference afapn concentration in the lungs.
The alternative complement pathway is responsitmehe formation of two kinds of
opsonins: C3b and its inactivation product iC3ht tie particular anti-C3 antibody
used in this study was able to detect in parallelis Western blot showed that, at 48
hours post-infection, C3b was the predominant fofnr€3 activation products in the
lungs of mice that clear the infection, while C3hdaiC3b fragments were both
present in comparable quantities in the lungs afentinat did not clear the infection.
In the bacteraemia sub-group, IC3b was present higher level in properdin-
deficient lungs and was as well seen to be furtlegraded (into C3dg), a fact that
was not observed in the wild type lungs. This higbeel of C3 activation products in
properdin-deficient mice 48 hours post-infectionswi@lative as it was probably
linked with the higher level of C3 previously foumd the serum of these mice
(Ekdahl et al., 2007). It cannot be excluded thotlgit some of the C3 got cleared

outside the complement system, via the C3-degradoityity of the pneumococci
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(Angel et al., 1994). These results therefore slioWmat the absence of properdin,
despite impairing partially the alternative compderh pathway, did not affect the
concentration of C3-related opsonin molecules & liimgs of properdin-deficient
mice. The similar decrease in IgM serum concemnatibserved for both properdin-
deficient and sufficient mice during the time cauos the infection suggested that the
impairment of the alternative complement pathways wet compensated by an
overactivation of the classical pathway, IgM bethg main activator of the classical
complement pathway in absence of specific antimo@@oes et al., 1998). Opsonin
molecules being present in the lungs, the bindih@3b to CR1 and iC3b to CR3
and/or CR4 on various phagocytic cells includingtr@phils should then lead to the
phagocytosis of the target in the absence of adiigiso(Hostetter, 2000). This result
showed that, if properdin-deficient neutrophils evetdefective in their phagocytic
activity, this will not be due to a lack of opsonmolecules in the lungs.
Unfortunately, due to the reasons discussed ea(iee chapter 4.3.1.3.2), the
phagocytic capabilities of properdin-deficient mephils could not be investigated in

this study.

As mentioned beforehand, the Western blot ana$fsisved as well that C3dg,
the degradation product of iC3b, was found at aaable concentration in the lungs
of properdin-deficient animals 48 hours after thie¢tion. While C3dg is known to
bind CR2 on B lymphocytes and therefore to incregagseB cells’ immunoglobulin
response to the antigen, its presence can as aéllebsign of a good regulation of the
complement system in properdin-deficient lungs @gchenko et al., 2005). In fact,
the inactivation of C3 into C3b and its further detation into C3dg by factor | and
co-factors, at the same time as creating C3dgedsed the concentration of C3b and
iC3b present in the lungs, and therefore may prewsn overactivation of the

complement system that could have been detriméntéthe host.

To conclude, to explain the lower clearance of pmecocci detected in the
lungs and blood of properdin-deficient animals el intranasally withS
pneumoniae D39 48 hours post-infection despite the highevisat rate and the more
pronounced neutrophil influx in the lungs, | hypedised that properdin may play a
role affecting the neutrophils’ activation. Whildaet migration function of the
neutrophils did not seem to be impaired, the aleseng@roperdin could decrease the

phagocytotic function of the neutrophils, which Ivakplain the slower clearance of
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pneumococci observed in properdin-deficient micelotver level of neutrophils’
activation in the absence of properdin may be beiakffor the host as important
number of activated neutrophils in tissue can tesufatal tissue damage (Ricevuti,
1997). This could as well limit the release of prlammatory cytokines and
therefore result in a lower inflammatory responsgreover, as the presence of a
large number of pneumococci in the organism of rthee 48 hours post-infection
seemed to be indicative of a fatal outcome in prdipesufficient mice, but did not
seem to influence the survival of properdin-defitimice, it is legitimate to think that
the cause of death, in this infection model, mayariwe due to an overactivation of
the immune system in presence of properdin thahg@resence of the pneumococci

by itself.

This study therefore showed that properdin, in @aldito the beneficial role it
played in the blood at the beginning of the inf@ctby limiting the bacterial counts,
seemed to possess a detrimental role when orgaifispeflammation occurred, and
that this was most likely to be related to the\astiof the neutrophils during bacterial

infection with Gram positive bacteria.

190



Conclusion

5 Final conclusion and perspectives

In this thesis, the biology of properdin was stddieom different angles, by
keeping an open-eye on its putative functions daetsis well-known role of positive
regulator of the alternative complement pathway.

51 Properdin expression in mouse organs

51.1 To summarise

In this part (chapter 2), the mouse properdin OBfaioed from mouse spleen
MRNA was successfully cloned into a vector, itsitdg was confirmed by restriction
digest and sequencing, and this DNA was then ratiiedy labelled in order to be

used as a probe for Northern blot analysis.

Next, the expression of properdin in different n®wsgans was assessed by
various more or less sensitive techniques — Nantbéatting, RT-PCR, real-time RT-
PCR — and using bioinformatics resources. Lymplwghns such as spleen, lymph
node, thymus and bone marrow expressed properda tagher level than others
organs. The expression of properdin was then exadrimmore detail for one of these
organs — the spleen — using immunofluorescencepeiiim was found only in the
white pulp compartment of the spleen. Clustersroperdin signals were observed on
cells present inside B cell follicles. The identitiythese properdin-positive cells with
long cytoplasmic extensions was further investidabsing antibodies specific for
several splenic cell markers. However, CD68, FDC-Ahtl CD45R, which are cell
markers specific for tingible body macrophagedjdolar dendritic cells and B cells
respectively, were found not to colocalise with gmeperdin-positive cell population
of the spleen. More specific cell markers will néede tested in order to identify the
properdin-positive cell population.

51.2 Role of properdin in the spleen

Even though the cell population carrying properdiside the white pulp
follicles of the mouse spleen could not yet be idiex, the presence of properdin in
this specific area of the spleen provided infororatio theorise on the putative role
played by properdin in this organ. Properdin watsdstected at all inside the red pulp
compartment despite the fact that this compartnsepartly made of macrophages, a
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cell type known to express and produce properden{By et al., 1978; Reis et al.,
2006). Of course, this may just be due to a detedimit problem. However, this
reinforced the importance of detecting properdira aufficient concentration inside
the white pulp compartment and emphasised the itapoe of the role played by
properdin at this specific location. The spleenainmfunctions are phagocytosis and
antibody production. After the capture of blood+mrantigens by marginal zone B
cells in the marginal zone of the spleen, thesks ceigrate to the white pulp follicles
where they deposit the antigens onto folliculardigit cells. This transfer is essential
for the development of an efficient adaptive immuesponse and has been shown to
require an intact complement system (Carroll, 20@drguson et al., 2004; Kraal,
2008). In fact, the use of different deficient mi@es shown that C3, CD21 (CR2) and
CD35 (CR1) all play key roles during the antigeansfer occurring in the splenic
follicles between the marginal zone B cells andftiikcular dendritic cells (Ferguson
et al., 2004). Follicular dendritic cells posseamerous complement receptors (CR1,
CR2 and CR3) and the lack of CD21 and CD35 in e been associated with low
antibody responses (both T-cell dependent and [Thué¢pendent) (Jacobson et al.,
2008; Reynes et al., 1985). The exact role playeithd complement system inside the
splenic follicles is not known and the importandetioe alternative complement
pathway during this phenomenon has not yet beeloep However, it seems that
the complement breakdown products bind to the antigand act as a bridge between
the antigen and the immune cell. Properdin, byilstaiy the C3 convertase complex,
could therefore potentially increase this interactibetween the antigen and the
follicular dendritic cell, and therefore increake fantigen retention in the spleen. This
would explain why properdin is expressed at a lheglel in this part of the spleen and
why properdin is expressed at a high level in lyoighorgans in general. Similar
analyses would next need to be carried out on lyngade, the other major secondary
lymphoid organ, as well as on the primary lymphaigans.

Another study to perform would be to look at prajerexpression in the
spleen during bacterial infection. Preliminary datng Streptococcus pneumoniae
D39 showed that properdin expression was two tingiser in the spleen of infected
mice compared to the one of their uninfected httates (chapter 2.2.1.2). It would be

interesting to localise properdin inside infectgdleens and to determine whether
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properdin can still be detected as clusters inngplfollicles (secondary follicles and

germinal centres) after pneumococcal infection.

52 Properdin in mast cells

521 To summarise

In this chapter (chapter 3), the expression of @rdip by mast cells was
examined. HMC-1 and LAD 2 cells, two well-charaiged mast cell lines, were
shown, for the first time, to express properdir, ithentity of the product obtained by
RT-PCR being then confirmed by restriction digesid asequencing. Next, the
expression of properdin by HMC-1 cells subjectedvaaous stimuli was studied at
both a transcriptional level, using a real-time P&fproach, and a translational level,
using Western blot analysis. No up- or down-regoitadf properdin expression could
be observed at both levels 24 hours after stimanatwith GM-CSF, IFN, IL-1j3,
TGH3, TNR3 or LPS. Moreover, ELISA analysis on cell-free madiconfirmed the

cellular origin of the properdin found in the HMGCzéll culture medium.

The location of properdin inside mast cell was thevestigated. By flow
cytometry, properdin could only be detected on mhembrane of mast cells, the
permeabilisation of the cells leading to the lokthe signal. Electron micrographs of
HMC-1 and LAD 2 cells using both monoclonal andyptnal anti-human properdin
antibodies showed as well no properdin inside tlieptasm of these cells. Properdin
could therefore be detected either alone on tHam®inbrane, or in clusters of 2 to 8
molecules on the cell membrane too, but mainly @amitrane extensions similar to
vesicles in the process to be released. Fluorescemcroscopy confirmed the

presence of properdin on the mast cell membrane.

The expression of properdin by mast cells was coetpto that of other cell
lines such as K562, HL-60 and Jurkat cells. Prapencs found to be expressed on
the surface of HMC-1 cells at a higher level thab6K and Jurkat cells, but at a
slightly lower level than HL-60 cells.

Finally, the putative excretion of properdin by maslls via vesicles was
examined. Two kinds of vesicles could be identifiedhe supernatant of HMC-1 cell

culture: the so-called “microvesicle-like vesiclasith a diameter of 100 to 400nm
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and the “exosome-like vesicles”, smaller in sizeéhva diameter smaller than 100nm.

Properdin was seen to be mainly expressed on ttr@weisicle-like vesicles fraction.

522 Role of properdin in mast cells

Properdin being now known to be expressed and teecigy mast cells,
hypotheses were formulated to explain the putaties played by properdin in these
cells. Mast cells’ main functions reside in allergy innate immunity and in tissue
remodelling (Metcalfe et al., 1997). Being one bé ffirst cells to encounter the
pathogen, mast cells play a major role during itd@cas they can phagocytose the
pathogen, initiate the immune response via theaseleof their pro-inflammatory
cytokines and attract neutrophils and others imnueis at the site of infection and
finally participate in wound healing (Abraham andliviya, 1997). Properdin seems

to be able to contribute to each of the functioevjpusly mentioned.

In fact, being present in tissues close to the reateenvironment, the
expression of properdin by mast cells should enthae properdin is present in the
vicinity of the mast cells in tissue and therefaruld lead to an extremely quick
activation of the complement system and to a rapidake of pathogens by tissue-
based phagocytic cells, maybe by mast cells themseln case of an infection. In
fact, several recent publications showed that prbpevas able to bind directly to the
bacterial surface, without the need of a pre-for@&@ibBb complex, leading to the
generation of the complement alternative pathway@®ertase and the deposition of
C3b onto the membrane of the pathogen and thusintpamb the pathogen’s
phagocytosis (Spitzer et al., 2007; Stover et 2008). Kemper and collaborators
showed more recently that direct binding of propetd apoptotic T-cells could even
result in the phagocytosis of the cells by phagocyells in the absence of
complement activation, and that probably via prdpeGAG interactions (Kemper et
al., 2008). It would be interesting to see if theect binding of properdin to pathogen
could lead too to its direct phagocytosis withdwe tequirement of other complement

molecules.

Mast cells have already been associated with tissodelling at different
anatomical sites (Galli and Tsai, 2008; Okayamaalet 2007). TSR-containing
proteins, such as thrombospondins and connecsgadigrowth factor, are known to

play various roles during tissue remodelling (Baimd Simons, 2000; Robinet et al.,
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2008; Tong and Brigstock, 2006). Thus, properdieaged by mast cells at the site of
infection could putatively play a role in wound heg via the interaction of its TSR
modules with extracellular components, properdimdp@ne of the members of the
TSR superfamily (Sun et al., 2004).

Finally, the fact that properdin seemed to be cotraged in microvesicle-like
vesicles suggested that properdin could be traffgckrom mast cells to other cell
types. Actually, microvesicles and exosomes hakeadl/ been implicated in cell-to-
cell communication and other immunological mechasis(Distler et al., 2006).
Furthermore, the binding of C1qg to some micropkasihas been shown to be able to
trigger complement activation (Nauta et al., 2008).this sense, the presence of
properdin in these vesicles could play the same idbreover, the properdin present
in these microvesicle-like vesicles could be ad wielwved as an extracellular storage
compartment for properdin. In fact, lysis of theesicles could lead to the release of
the “active” form of properdin present inside thgssicles, the detection of properdin
inside these vesicles by the monoclonal antibodyinguWestern blot analysis
suggesting properdin was present under its findinper form, and therefore lead to

higher complement activation.

5.3 Characterisation of a properdin-deficient mouséine

during pneumococcal pneumonia

In this section (chapter 4), the role of properdiaring pneumococcal
pneumonia was investigated. Properdin-deficient emicfected intranasally with
Sreptococcus pneumoniae serotype 2 strain D39 presented a worse levatfetiion
2 days post-infection, characterised by a highersdevel of the positive acute phase
reactant C3, a change in the blood coagulatiortiks@nd an impairment to clear the
pneumococci from the blood and the lungs of thesmals, and was associated with a
higher survival rate one week following the chadjenlt was shown that these mice
could overcome the infection despite the preserideacteria in their organisms 48
hours after infection, while this condition seemied be associated with a fatal
outcome for a higher proportion of the wild typenaals.

In order to explain this, | hypothesised that tlhsemce of properdin could
affect the neutrophils’ function as a protractetlux of neutrophils into the lungs

associated with a poor bacterial clearance wasraefidén mice deficient in properdin.
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The migration function of the neutrophils and teedl of opsonin present in the lung
tissue of infected animals were shown to not becééid by the absence of properdin.

To conclude, my results suggested that properditdgalay a bivalent role in
this infection model: first, a beneficial role inet blood via its complement activation
loop to control the number of bacteria during thist ftwo days after pneumococcal
infection (seen as well during the intravenous atien model); and then, a
detrimental role when organ-specific inflammationcarred, probably by over-
inducing the inflammatory response. This lattee nwlay be linked with the activation
of the neutrophils. This double-edged sword phemmmehas already been widely
described for many immunological processes, bwag the first time it was described

for properdin.

More work would need to be done to point out th@otxole played by
properdin in this pneumococcal pneumonia modeluding investigating the level of
activation of properdin-deficient neutrophils ars$@ssing the exact cause of death of

the infected mice.

54 Final conclusion

More than fifty years after the discovery and tinst fanalyses of properdin by
Pillemer and co-workers, properdin was still ungicently only known as being the
positive regulator of the alternative pathway tipéyed a beneficial role during
infection with rather uncommon serotypesN#isseria meningitidis. This thesis and
the many papers published in the past few yeamsnsig the recrudescent interest for
properdin) showed that properdin seemed to playdarwole in immunity (lvanovska
et al., 2008; Kemper et al., 2008; Kimura et abQ2, Spitzer et al., 2007; Stover et
al., 2008; Xu et al., 2008). In this work, the dgsoons of properdin expression in the
lymphoid organs and in mast cells open up new waythink about properdin and
new putative roles for this molecule. Moreover, agssociation between the
development of an infection due to a Gram posithaeteria and the absence of
properdin was for the first time seen in this teedBesides, the role played by
properdin during pneumococcal infection was seerbéodual: in addition to its
beneficial role played by amplifying the C3 conese activity and therefore the
immune response towards the pathogen, properdin sesh to play too an
unfavourable role when the infection persisted bgravhelming the inflammatory
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system. The development of new therapeutics tokbfoperdin activity when its
presence becomes detrimental could constitute aimgnesting approach to protect

the host during bacterial infection.

197



Appendix A

Bacterium media

Luria-Bertani broth (LB):

5g bacto-tryptone (OXOID, Basingstoke, UK)
2.5¢ yeast extract (OXOID)

5g NacCl

500ml dH20

The medium was then autoclaved.

Luria-Bertani agar (LB-agar):

5g bacto-tryptone (OXOID)

2.5¢ yeast extract (OXOID)

5g NaCl

7.5g agar (OXOID)

500ml dH20

The medium was then autoclaved, left to cool atC58Ad finally poured onto

plates (20ml per plate).

When needed, ampicilin (100pg/ml), X-Gal (80ug/emd/or IPTG (0.5mM)

were added to the medium just before to be pourtedplates.
Brain Heart Infusion (BHI):

m 18.5¢g Brain Heart Infusion (OXOID)
= 500ml dH20
The medium was then autoclaved.

Vegetable special infusion medium:

m 18.5¢g vegetable special infusion medium (Fluka)
= 500ml dH20
The medium was then autoclaved.

Blood agar:

m 209 Blood agar base (OXOID)
= 500ml dH20
The medium was then autoclaved and left to coob@IC. Twenty five

millilitres of horse blood defibrinated (OXOID) weetthen added to the medium. It
was finally mixed and poured onto plates (20mlgate).
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Appendix B

Publication

Properdin Plays a Protective Role in Polymicrobial

Septic Peritonitis’

Cordula M. Stover.® Jeni C. Luckett.* Bernd Echtenacher,” Aline Dupont.® Sue E. Figgitt,*
Jane Brown,” Daniela N, Miinnel," and Wilhelm J. Schwaeble*

Properdinis a positive regulator of complement activation so tar known (o be instrumentalin the survival of infections with certain
servotypes of Neisseria meningitidis. We have generated a fully backerossed properdin-deficient mouse line by conventional gene-
specilic targeting. In vitro, properdin-deficient serum is impaired in alternative pathway-dependent generation of complement
fragment C3b when activated by Escherichia coli DHSe. Properdin-deficient mice and wilid-type littermates compare in their levels
of C3and g M. Inanin vivo maodel of polymicrobial septic peritonitis induced by sublethal cecal ligation and punciure, properdin-
defickent mice appear immunocompromised, because they are significantly impaired in their survival compared with wild-type

Httermates. We further show that properdin localizes te mast cells and that properdin has the ability to directly

associate with £,

coli DH3 e, We conclude that properdin plays a significant role in the outeome of polymicrobial sepsis.  The Journal of Immu-

nolagy, MO8, IR0 33 22318,

ecal ligation and puncture (CLP)Y is a madel for acute

polymicrobial septic peritonitis following perforated

appendicitis or diverticulitis. The severity of this
model for the animal varies with length of the ligated cecum,
needle size, and sumber of perforations (1), Complement acti-
vation, muast cells, and neutrophils are some of the cutcome-
determining factors of the host. Blockade of C3a or its receptor
CSaR is beneficial for suevival of the acute model of CLP in
mice (2. 3) by suppression of CSa-mediated functions of peri-
toneal neutrophils (migration, oxidative burst, phagocytic re-
sponse) (4). In the subacute model of CLP, however, neutrophil
recruitment to the peritoneal cavity (3) and IL-12-mediated,
IFN-y-driven neatrophil phagocytosis (6) are important for sur-
vival. During acute CLP, neutrophil migration is effected by
TNF, which is produced locally by peritoneal mast cells, which,
thereby, are significant players in disease outcome (7). Mast
cell degranulation, TNF release, and neutrophil infiltration are
significantly impaired in C3-deficient mice during acate CLP.
accounting for their high moctality compared with wild-type
{WT) mice (8). Froperdin is an oligomeric serum protein that
amplifies ongoing complement activation, By virtue of each
of its monomers to bind to C3b, it acts to extend the half-lives
of the C3-converting and C3-converting enzyvme complexes
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7 Abbaeviations used in this papec CLP, cocal ligation and punctuse: TSR, theom-
boapondin sepeat; WT, wikd type.

Copyight € 308 by The Amedcan Asociation of Inmuookgst, Tne, (022-1 TETARS200

{C3bBb and C3b_Bb). respectively (9-11). These are generated
after activation of the alternative pathway of complement via
deposition of C3b to target surfaces by so-called spontaneocus
tickover of fluid phase C3 or by activation of classical or lectin
pathways (via recognition of immune complexes or carbohy-
drate moieties on microorganisms, respectively). Clg-deficient
mice (deficient of the recognition molecule of the classical
pathway) and mice with a dual deficiency of factor B and C2
(affecting activities for lectin, classical and alternative path-
ways) (all on Sv/129 background) have previously been studied
in sublethal CLP (12). The study concluded that intact lectin
and alternative pathways are important for survival of sublethal
CLP:; however, it did not allow quantification of the separate
contribution of the alternative pathway amplification to this ef-
fect. Therefore, the sublethal CLP model seemed a highly suit-
able model to characterize the phenotype of a properdin-defi-
cient mouse line, which we have developed and describe
herewith for the first time. So far, properdin deficiency is known
in humans and shows variable penetrance with predilection to
succumb to fatal meningococcal disease when infected with un-
common serotypes Y and W-135 (13).

Materials and Methods
Generation of a properdin-deficient mouse line

The mouse properdin gene was isolated from a mouse {1208y} genomic
bacteriophage library (A2001) using mouse properdin ¢<DNA (Eurcpean
Molecular Biological Laboratory/GenBank accession number X12005) as
a probe. A DNA of three hybridizing clones was punfied using a Nucleo-
bond A phage pun fieation kit (Clontech (141, BanH1 digest of two over
lapping clones vielded 7.6- 3.4-, and 0.5-kb fragments (coresponding to
bp pasition 1030921 407 of the mouse BAC clone. European Molecular
Biological Laboratory/GenBank accession number ALGTI853.7) that were
subcloned in pRSKS+ and sequenced. A targeting construct was generated
in pRO-NTKY 1901 (Stratagene) designed to contain the 3° part of the
properdin gene ipromoter region, exon for thrombospondin repeat (TSR 1)
and the 3 pant of the gene (compnsing exons for TSR 5, 6a, and &by
flanking a pesitive selection marker gene (neo”). Embryonic stem cells
denved from male 129/CHa mice (E14.1a) were transfected with the lin-
carized construct by electroporation. Clones were grown in G418 {positive
selection for the presence of neo™) and gancyclovir {negative selection
against random integration, which produces thymidine kinase activity )
Homologous recombination of this vector with the WT gene resulls in a
replacement of exons 3-7 (1.6 kbt coding for the TSR 24 madules by the
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Generation of a properdin-deficient mouse line. A, Representation of the strategy to target the munne properdin gene, to replace exons

3T with a selection marker, and to detect specificity of this event. B, Southern blot analysis of Hindl-restricted genomic DNA& prepared from
positively and negatively selected embryonic stem cell clones using the external probe of T8 bp (57 external pmhc* and the A.4-kb fragment of

cassette & (nternal probe), see &, ax probes, They bath hybrdize with a 6-kb band as indicated for Jane 3

3. The size of the WT gene on HindIll

restriction is 11 kb, The clones in lames I, 2, and 4 are cither negative for any recombination event or nonhomologous recombinants. €, Typical
agarose gel electrophoresis of POR products obtained when genotyping offspring {see A for location of products), D, Verification of the ahsence of
properdin in serum of hemizygous, gene-targeted mice wsing monoclonal anti-human properdin Ab with ¢ross-reactivity to mouse protein (HYB
03004, diluted 1/1000: Antibody Shop) by Western blot. (The secondary Ab { rabbit anti-mouse Ig. HRP conjugated) used for detection of the primary
{anti-properdind Ab) reacts with Igs contained in the sera ) E. Impairment of alternative pathway-mediated rabbit RBC lysis by properdin-deficient
mice in comparison with WT litermate control. One of three representative expenments using two-sera et up in duplicate is shown.

neo” gene (1.6 kb of the targeting vector, Positive clones were ideatified
by Southern blotting through the presence of a 6-kb band in HindlIl-
digested genomic DNA (an additional Hindll site is introduced during
targeting) using a probe external to the targeted region, One of the 170
embryonic stem cell clones sereened contained the disrupted allele of
the targeted gene and was micminjected iato CITBL/G blastocysts
which were implanted in pseudopregnant mice. Two male chimeras
were denved. Germline transmission of the tangeted allele was obtained
upon mating to C3TBL/AG mice fagouti offspring). As expected, all male
offspring were WT and all female ofspring were heterozygous for the
targeting event. Target-specific PCR with restriction mapping of this
fragment with BseX1 showed correct replacement in these heteroay-
gotes, Intercrossing resulted in hemizygous males, heterozygous fe-
males, and WT offspring, as identified by PCR, at the expected mtio,
The properdin-deficient mice appear normal in weight and fertility and
are maintained in a barrier unit sccording to institutional guidelines,
The mice used in these experiments were backerossed onto the

CITBLYG background for @ and 10 gencrations. WT littermates were
controls.

Rabbit RBC Iysis

Target cells were prepared as follows, Rabbit Bleod (Biomedical Services,
University of Leicester, Leicester. LUK} was collected in Alsever's solu-
tion {114 mM sodium citate. 27 mM g]uo.wc and 72 mM sodivm o hloride.
pH 6,13 spun down at 2 g. washed twice in FBS, and the pellet was
resuspendad in X VBS (727 mM soddium chloride, 16 mM 3 S-diethyl-
barbituric scid, and @ mM 3, 5-diethy lbarbitune acid sodium salts 20 mbd

Mg -8 mM EGTA (pH 7.4) to where lysis of 50 gl of RBC in 200 ! m
water gave an absorption at 413 nmoof | 012 (positive control ). The as
was set up in duplicate, diluting 100 gl of mouse serum (sample and hml-
inactivated control) with 100 ) of VBS-Mg®*-BEGTA, then adding 50 gl
of adjusted rabbit RBC. The cells in 200 gl of VES-Mg® “-EGTA were the
megative control, After 2 h ot 37°C, absorptions were read and hemolysis
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was expressed as o percentage against the controls (relative hemolysis =
{tean OD sample = mean OD heat inactivated mouse serumiimean OD
water = mean OD buffer] = 100%) (15

C3 activation of WT and properdin-deficient sera

Propedin-deficient or WT mouse sera were diluted 1720 in either PRS™™
{with Ca** and Mg®*), GVB™, GVBIMg*"-EGTA, or GVB* - EDTA
bulfers and incubated at 37°C with | ¢ 10%ml formalin-fixed (10% formal
saline} E. coli DHS@. (washed in the respective buffers). After 30 min. the
supernatant. that is, activated serum. was removed and separated under
reducing conditions (2-ME, bailing) on 10% SDS-polyacrylamide gels.
After electrophoretic transfer using cellulose membrane 2micron (Bio-Rad
Laboratories), the b was incubated with clonal biotincou-
pled rat anti-mouse CF (Cedarlane Laboratories). detected with a strepra-
vidin-HRP ABC kit { DakoCytomation), and developed using ECL reagent
{Pieroe).

IgM and C3 levely in mouse sera

Serum was prepared from mouse blood obtained via the tail vein and fro-
zen in aliquots. Serum levels for IgM and C3 were determined by sand wich
ELISAs according o the manufacturers’ manuvals (Bethyl Laboratones,
Universal Biologicals and Immunalogy Consul Laboratory, 1
Systems ) and analyzed using a five-parameter logistics curve,

Sublethal CLP

Mice were anesthetized by 1p. injection of 75 mg'kg Ketanest (Parke-
Davishand 16 mg'kg Rompun (Bayen). The cecum was exterionized and the
distal end (+230% ) was ligated and punctured once with a meedle (0.4-mm
diameter, 27-gauge) to achieve a sublethal CLP as previously described
(161, Mice were observed for 2 wk. Kaplan-Meier survival curves wen
compared using the log rank test, The experiments were performed in
compliance with federal guidelines for animal experimentation (State of
Bavaria, Germanyl,

Immunohistochemical and immunoffuorescent analysis
af mouse mast cells

Four-micrometer sections were cut from parafficcembeddad connective tis-
sue obtainad from the abdominal wall, incubated with proteinase K (2
mgfmll, Ms HO,. and, after blocking with 5% BSA and application of
SeroBlock FeR (BUFIMIA: Serotec) were incubated with goat anti-human
properdin IgG {1100; Nondic Immunalogy), or as contral. goat anti-rabbit
TG (PO448; DakoCytomation), and rabbit anti-goat Igs. HRP-conjugated
1400, AS420: Sigma-Aldrichy, After development with diaminobenzidine
tetrahydrochloride (DS63T: Sigma-Aldrich), sections were counterstained
with toluidine blue. For i 1l L analysis, sections were pro-
cesied as above, incubated with FITC-coupled goat anti-human propendin
TG (17200 Nordic Immunclogyt or rabbit anti-human mast cell tryptase
Ab (1400, «0-32880; Santa Cruz Biotechnology) and goat-anti-rabbit 1gG.
Flab - TRITC { 1400, sc-3841: Santa Cruz Biotechaology ). Fluarescence
signals wer analyzed using a Nikon TE3O0 wide-field epifluoresoence
micrescope.

Binding of properdin tv E. coli DHS«

Formalin-fixed E cofi DHS@ (1 % 10%ml) were incubated with human
sera (diluted 1720 in PBS/Mg® /5% BSA) of known concentration of
properchin (determined using a properdin ELISA kit obtained from An-
tibodyshop). After washing with PBS, moncclonal anti-human proper-
din Ab (HYB 039-06, diluted 171000: AntibodyShap) was added for | b
and, after another washing step with PBS, FITC-coupled anti-mouse
Fab Igs (Sigma-Aldrich) were added (140001, Fluorescence signals
were analyzed as sbove, In parallel. an equal concentration of purified
properdin (punty >98%: Europa Bioproducts) was added (diluted in
PBS/Mg** /5% BSA to the predetermined level for the respective ser)
and slides were processed as above, Part of this latter incubation. along
with a control (£, coli without properdin), was used for immunopre-
cipitation studies, in which the microbes are washed, then lysed in
radioimmunoprecipitation assay buffer with protease inhibitors (PR340;
Sigma-Aldrich), sheared, precleared with protein G-Sepharose (P3206;
Sigma-Aldrich), and incubated with Sepharose~c oupled monoclonal anti-
human properdin Ab (HYR 039-06; AntibodyShop). The immunopre-
cipitate was run oo a 106 SDS-polyacrylamide gel. blotted, and probed
with rabbit anti-human properdin Ab.

— CI{1I0)
- T30 {104 KD}

O3 63 kD)

e Cldg 120 xD}

1 2 3 - 8 & T @

FIGURE X C3 activation in propendin-deficient mice. Westem hlat for
3 activation products in WT and properdin-deficient sera after incubation
with £ coli DHSe in different buffer conditions (lanes § and 5: PBS with
Ca®™ and Mg®™: lanes 2 and & GVB™ " fanes 3 and 7: GVBIMg*™-
EGTA: and Janes 4 and & GVB™ T-EDTA). One of three experiments is
shown using WT and properdin-deficient littermate sera. The band indi-
cated 1o represent C3dg is seen on longer exposure for the properdin-
deficient s

Results

Generation of properdin-deficient mice

A properdin-deficient mouse line was generated by specific target-
ing and disruption of the murine properdin gene, which is located
on chromoesome X (17). The strategy was to delete those exons
coding for thrombospondin repeats (TSR) with importance in
binding to C3b and thereby stabilization of the C3bBb complex or
for oligomerization of the protein (18) (Fig. 14). Homologous re-
combination of mouse properdin DNA contained in the targeting
vector and segments of the properdin gene in 129/0la embryonic
stermn cells was confirmed in | of 170 clones (Fig. 1B). This clone
was microinjected in CS7TBLJ6 blastocysts and two chimeric mice
were derived. Both showed germline transmission and produced
heterozygous female and WT male offspring. These were inter-
crossed, obtaining genotypes at the expected Mendelian ratio and
X chromosome linkage. Heterozygous mice were backcrossed to
CS7BL/6 to obtain male WT and properdin-deficient littermates
(Fig. 1C). The hemizygous properdin gene-targeted mice lack pro-
perdin protein in their sera (Fig. 1D) and they are grossly impaired
in the alternative pathway-dependent diagnostic test of lysing rab-
bit RBC (19) (Fig. 1E). Heterozygous mice showed an intermedi-
ate phenotype (data not shown).

C3 activation in sera of WT and properdin-deficient mice

Western blot analysis was performed for different WT and prop-
erdin-deficient sera activated by E. coli DHSw in four different
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FIGURE 3 Propendin-deficient mice are impaired in their survival after
sublethal CLP. Properdin-deficient mice and WT littermates (n = 16, cach
group! were subjected to sublethal CLP and montality was recorded (p =
0.003: log rank statistic ),
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Wikitype

e

analysis of connective ssue mast cells using goat anti-human properdin
(A} or contrel Ab (B) Both sections were developed with diaminobenzi-
dine tetrahydrochlonide (hrown staind and counterstained with wluidine
blue (purple staind, Immuneflusrescent analysis showing reactivity of pro-
perdin (€1, mast cell marker tryptase (D), and ovedap (E for gut mucosa
(4 S-diamidine-2-pheny indole stained, Fiof WT. but sot properdin-de-
ficient mice.

buffer conditions, One of three representative experiments is
shown (Fig. 2): incubation of serum diluted in PBSMg**/Ca®*
with the microbe leads to complete conversion of C3 to C3b and
iC3b for both WT and properdin-deficient serum. In buffer condi-
tions that restrict activation of complement, either selectively
(GVB™', GVB" "EGTA) or globally (GVBY "EDTA). by con-
trast, the uncut 113-kDa C3a chain is seen (lanes 2-4 and 68,
Fig 2. In conditions favoring activation of complement via the
alternative pathway (fawes 3 and 7, Fig. 2), properdin-deficient
serum shows a clear reduction of the 104-kDa activation product
C3b. Further degradation of iC3b to the 40-kDa a-chain product
cecues in conditions that preclude C3 binding {EDTA) and in those
inhibiting assembly of all recognition molecules to surfaces

A

RO (A3R0T

(GVB"/GVB ™" "EGTA). but not in the most physiologic of these
conditions (FBS ™).

Serum C3 levels of the sera thus analyzed were found to be
comparable, as was the range of levels determined for larger num-
bers of the two groups (properdia-deficient, # = 14: 119 * 039
mg'ml, and WT. n = 17: 0.99 & 0.30 mg/mb).

Survival of W and properdin-deficient mice in CLP

The severity of the CLP model was chosen to produce sublethal
and prolonged inflammation. In the fisst 7 days of the observatio
period, 14 of 16 WT mice survived, whereas only 6 of 16 prop-
erdin-deficient mice survived (Fig. 3).

Properdin is produced by mast cells

Sections of connective tissue mast cells of unchallenged WT mice
were analyzed for reactivity of properdin by standard immuno-
histochemistry. Representative figures from two independent
experiments clearly demonstrate properdin reactivity Jocalizing
to the granules of mast cells (Fig. 44). which compares to the
granule-specific metachromatic stain produced by toluidine
blue on the control section (Fig. 48). Subsequent immunoflu-
orescence analysis of gut sections from WT and properdin-de-
ficient mice using a mast cell marker, tryptase, confirmed that
reactivities of properdin and tryptase overlap for WT, but not
properdin-deficient mice (Fig. 4, C-F).

Properdin associates directly with E. coli DH5a

Incubation of formalin-fixed £ coli DHS¢ with human serum of
known properdin concentrations or with the same amount of
purified properdin on its own leads to the same patchy reactivity
with the monoclonal anti-propecdin Ab (Fig. 5, A~C). This as-
iation is absent on chelation of serum with EDTA (data not
shown). There is no detectable €3 in the properdin preparation
(Fig. 5I0. To ascertain the physical association between E. colf
and properdin, immunoprecipitation was performed using the

c
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FIGURE & Properdin associates with £ coli DH3 e 4, After incubation of £ coli DHSa with human serum (determined at 27 pgfml properdink,

properdin was detected using 2 monoclonal anti-human properdin Ab and FITCw
with purified properdin (23 pgiml stock), bound properdin was detected as above, £,
sera were used and the amount of exogenous properdin was adjusted to the respective
such experiments. 2, Aliquots of the purified properdin preparation were separated by SDS-PA

anti-human C3 (abl 1871

Abcam) fsaep I3 Seip 2 of the same wansfor was developed with mouse anti-human properdin &b (HYB {

pled anti-mouse Fab Igs. B After incubation of E. coli DH3a
Negative control (addition of the secondary Ab only). Different
serum concentration. This is a representative figure of three
and analyzed for possible C3 content using mouse

Antibody Shopt and shows the expected 53-kDa band for monomernic properdin, E, Immunoprecipitation of properdin bound to E. coli DHS o (lane

21 and control (lane 1 using monoclonal

Ab, The !
immunoprecipitates. The H chain of Ig is indicated.

ti-human properdin Ab, Transferred lysates were developed with polyclonal goat anti-human properdin
kDo band for properdin is indicated. The sccondary Ab (rabbit ansti-goat Ig. HRP conjugated) reacts with Igs contained in both
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monoclonal anti-properdin Ab or a control Ab followed by
Western blot analysis of immunoprecipitates using a polyelonal
anti-properdin Ab. A 53- kDa band for monomeric properdin is
detected for the specific immunoprecipitate (Fig. SE).

Discussion

DHS5e is a nonpathogenic £ coli K12 derivative that is able to
activate the alternative pathway of complement (20) and was
therefore used to test the contribution of properdin toward ac-
tivation of C3 in properdin-deficient vs WT sera. In conditions
using PBS™ ", the iC3b product seems more abundant in acti-
vated WT compared with activated properdin-deficient serum
and may reflect the contribution of an intact amplification loop
the alternative pathway provides for the activation of classical
and lectin pathways. Analysis of C3 activation products in sera
of WT and properdin-deficient littermates, using buffer condi-
tions favoring alternative pathway activation, consistently
shows impaired processing of C3 in properdin-deficient sera in
the 30-min incubation with E celi DHSe. The difference be-
tween properdin-deficient and WT sera is less marked on longer
incubation times { 1h; data not shown . This, along with the fact
that Factor B reactivity on Western blot analysis of WT and
properdin-deficient sera varies little (data not showa), is con-
sistent with the understanding that properdin provides stabili-
zation of a specific C3-cleaving ability of serum. One variable
in this experiment may be the actual serum levels for €3 in
properdin-deficient and WT mice, based on a description of
elevated C3 levels in heterozygous properdin-deficient persons.
due o a proposed lower consumption of C3 (21), but this was
not found to be the case.

Properdin-deficient and WT littermates were subjected to
sublethal CLF. a model of subacute peritoneal inflammation
provoked by polymicrobial leakage from punctured distal ce-
cum after ligation, which develops into sepsis. In this model,
severity is measured by mortality (22). The present study finds
that in the absence of properdin. survival after sublethal CLP-
induced polymicrobial sepsis over an observation period of 14
days is significantly impaired. Natural Abs, germline-expressed
Igs of the [gM type, bind to bacterial Ags and are protective in
models of septic and endotoxin shock (23, 24). However, there
was no difference between properdin-deficient (n = 41 41.9 pg/
ml = 2.45 8D) and WT (n = 543,14 pg/ml £ 9.89 SD)y mice
in their total serum IgM levels.

Mast cells are crucially importaat to survive CLP, relating to
a significant degree to their ability to synthesize TNF-« (7) and
this study finds that mast cells express properdin. A direct as-
sociation of properdin on the surface of fixed £, coli DHSa was
investigated by incubation with human serum or with purified
properdin. Properdin is found associated with £ cofi DHSe and
may thereby provide a scaffold for inereased C3b or C3Bb bind-
ing as recently proposed (25). The properdia protein contained
in the specific immunoprecipitate from E. coli after prior incu-
bation with human properdin (Fig. SE) compares to the protein
identified as mouse properdin in WT serum (Fig. 1D). Our find-
ing that properdin associates directly with E. coll DHSa (ex-
hibiting so-called rough LPS) is strongly supported by recently
published work showing that properdin binds to rough, not WT,
so-called smooth, E. coli LPS mutants (26).

Based on the findings obtained for the in vitro and in vivo phe-
notype of the properdin-deficient mice, the immune response of the
WT mice in this model of sublethal CLP is likely to be influenced
by these properdin-dependent factors: optimal. ie.. properdin-sta-
bilized. C3b generation is crucial to attract neutrophils to the peri-
toneal cavity (5, 6) through C3b-mediated TNF- release by mast

cells (275 Neutrophils store, among other factors, properdin in
their secondary granules (28) and so do mast cells. On release of
properdin, it can associate with, and independent of, C3b to the
surface of the microorganism (263 The modecular implications
of these modes of properdin binding are currently under
investigation.
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