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AnSTRACT 

Seçcmdary. or AA, amyloidosis is a systemic diseuse charu('tenzed hy the 

eX~j 'ccliular I,S~lI.· èi~~posjtiDn of insoluble, fibrillar amyloid A protelll. Ahcrrant 

Il' .. :,,!' ·Hsm of ~('f1jm 4Imyloid A protein by rcucliloendotheltal l'db in the pre~elll'e of 

.\,r "1" '.' cnham .. 'I'1g L\Ctor (AEF) is thought to rc~ult !Tl the aCl'Ulllulalion or lïhnls \l;lIhili .. he 

: TI ,'atment :)f!l1lce \VIth AEF. 1I1 C'onjuncliclll \Vith ,\11 intlamllla'tory :-,tnllulll:-', 

11l"U~~ .' 'loid dt.. ~O',ltJon wlth!Tl 48-72 hours. III \Ill (1 cxamination of the clTeet nI' A 1:1-' 

OIl ~p.CCI. fl.l\'fophag<> activation-a.,..,ociated phenotype and fllllctions reveal that AFF ha:; 

no apJ.1·J;~nl "fect on the ability of spleen and liver macrophage:-. to phago('ytn~l' or klll 

Llster~ù "':':',1,,, togene.r Il dld :\ppcar ln block enhanccd lc"'pmltOlY hllr~t funetIon a.., weil 

as re",' , "use in the numher of cens expn:ssing the Mlle Cl:!:-..., Il :-,urfacl' anllgl'n. 

p, '1 ' ''y ,'~('trophoretIc puriftcation of AEF from cnide amyloidotlc Il,',~IIC 

,-" ',':1' \, ,l', 1" J" ~ 'F actIvÏty to a rcglon apparently consisling of.~ l'TOtem spceles wlth 

m.·; ... " ,:;, "';'. ging from 63.2 KDa t047.9 KDa. Et vivo ~tlldie:-, nt macrophage 

tm!' ':~ , .' : '" ;'" "" eluled from thts "AEF-aclIve" reglon did not Illdlcate an mhthttion 01 

respirutvi)' J... " gfcsting that the action of AEF may be dcpendent on the presence or 
additional, posslbly inflammation-associated, ccmponent(s) . 
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ARSTRACT 

L'ilmylnido~e ~.œol1dajI'e de: typ(' AA est une maladie systémique charactérisée par 

un dt:pôt Ijs~ulaiJ'e extracellulaire d'une proté:ne insoluble et fibrillaire, l'amyloide A. 

L'accumulatIon de ces fibrille~ résultenllt d'un métabolisme aberrant de la protéine 

préc;ur~cllr, le "~e:rl.lrn amylcnd A", par les. cellules du système réticuloendothélial en 

présence de" AmylOld Enhancing Factor" (AEF). Le traitement de souris avec l'AEF en 

parallèle avec l'lllductl,on d'une réponse inflammatoire, provoque l'appari~ion d'amyloidose 

en 4H à n heure,>. NOlis avons étudié l'effet de l'AEF in vivo sur l'activation du 

macrophage tant au p(lint de vue phénotypiClue qu'au point de vue fonctionnel. Les 

fonctions phagocytaire et hacléridde de~ macrophages splénique~ <.:1 hépatiques ne sont pas 

affectées pm l'ARF. Cc dern'tcr, par contre, bloque l'induction du burst respiratoire et 

proVCXttte une chminutioll de nombre de cellules exprimant l'antigène majeur 

d'histocompatibilIté de type II à kur surface. La purification de l'ASF à partir de 

l'électroph()rè~e de l'e~ tra;t tissul.üre sur gel de polyacrylamide a circonscrit l'activité AEF 

à une région comprbe entre 63.2 et 47.9 Kd, obtenue par électroelution à partir du gel. 

C\!tte régIon montrant une activité AEF n'inhibe pas le burst respiratoire des macrophages 

in vitro, td que démontré ln vivo, suggérant que l'action AEF peut être dépenclante de la 

présence d'autres facte'ur~, possiblement associés au processus inflammatoire . 

i i 
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PREFACE 

The experimental work presented In this thesis appears in chapters :2 , 3, and 4. 

The following option, as des~ribed In the "GUldelines Conceming 1l1e~ls Preparation" for 

the Faculty of Graduate Studies and Research at McGill Ul11ver\ity, ha<; bcen used. 

"Candidates have the optio!1, subject to the approval of tllelf Department. 01 

including, as part of their the~is, copies of the text of a paper(s) \ubl11itted for publtrallon, 

or the c1early-duplicated text of a publ i~hcd pa~'t:r(s), providcd that Ihc!'.e COpIC' are bouilli 

as an integral part of the thesis. If thlS option tS choscn, connect ing texls, prov idi Ilg logîcal 

bridges between the different papcrs. arc mandatol)'. 

The thesis must still conform to ail othcr rcqU\rcmcnts of the "Gl11dcllIle~ 

Concerning Thesis Preparation" and should be in a literarj fonn that is more than a merl' 

collection of manuscripts published or to be published. The thcslS IllU .... t IIlcludc. a~, 

separate chapters or sections: (1) a Table of Contents. (2) a gcncral ab .... tract 111 Engll!'.h and 

French, (3) an introduction which clearly states the rationale and obJcctivc~ of lhe "illldy, 

(4) a comprehensive general revlew of the background literatllre tn the ~uhlcct of tht' Ihesls, 

when this rev;ew is appropriate. and (5) a final overall conclu..,ion and/or ~lIl1lll1ary. 

Additional mate:-ial (procedural and design data. as weil a.., dc~criptlon~ of the 

equipment used) must be provided where appropnate and ln ~ufficient detail (cg. In 

appendices) to allow a clear and precise Judgernent to he made of the lI11portance and 

originahty of the research report.!d in the thesis. 

1 i i 

In the case 0+ manuscipts co-authored by the candidate and other~, the camhdalc I~ 

required to make an explicit statement 111 the thesb of who contnbuloo to such wor k and to 

what extent; supervisors must atte~t to the accuracy of such daims al the Ph. D. Oral 

defense. Since the task of the Examiners is made more difficlllt in the~c ca'>cs, Il i~ III tilt: 

candidat~'s interest to make perfectly clear the re~pon~ibihtie~ of the cid fcrent aulhor~ of co

authored papers." 

As reqnired by the GUldelines, Chapter 1 is a general introduction ant! rCVlCW of 

literature relevant to the subject matter of the thes.is. 

Aberrant amyloid fibril precllfsor protem mctabolism a~~oclUtcd with macr()phagc~ 

at the site of amyloid deposition is believed to play an intcgral role m amylOlt! fibril 

formation. Amyloid enhancing factor has been identified in ail typc~ of arnyloid tis~uc 

tested to date due to its ability to induce amyloid [Ibnl depo~ition al an accelerated rate . 
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IV 
Though il. ... p't.X:I ... e chemical nature and mechanJ~m of action have not yct hccn 

chaJactcrlled, mo,>t wOIk ~œm ... to ~ugge .... tthat Il cxcrl~ IL ... at:UOI1 at the \cvcI ot the 

mac/Ophage Chaptcl 2 de\crihe~ expcnmental data Jnw~l1gatlI1g the ~tTecL" 01 amylOld 

enhanclllg tacte)) on macl ophage activation and tllncllon dunng amylold enhancmg faclOr

induced amyloldugene<"l'> whlch ha~ hcen puhlt~hed 10 the JOl/mal ofLeuko(vre Bio{ogy, 

volume 51, .July 19<)1 

The 1I1luvailahIllly of detïnillve hiochemlcal charactcll/ation of amyIOId cllhancmg 

factcll ha,> hampelcd 1I1Vl'~tlgatlClIl~ reg~lIdll1g its ~Cl'mjngly UllIvcrsallOle in 

alllyl()Jdogene~, ... III rai tlcular mechani~m or action. Chaptcr.1 dcscrrhes unpuhhshcd 

cxpellrnental data conccll1lOg the puri IÏcalion 01 amylUld cnhanclOg ladO!. 

Chaplcr 4 dC~CIIhc~ macrophage lunctlOnal a~."'uy~ involv1l1g Ilealment wllh the 

putllted amylOld enhancmg factol prepall~d III chapter .1m an attcmpt to Itnk re~ults 

ohlall1cd in chartct 2 lIlitng a mOle homogeneou~ ptcpatatton or amyloid cllhanclIlg ractor. 

Chapte:s 2, 1 and 4 are l'ach compmcd of an IntlOuuction, Matenals anu Methods, 

I~eslilts, DI~cll~~ion, and Retctel1cc~. AddltlOnal cc 'llithOls of charter 2 arc Ll"C H~hert, 

Cima PO/'lulo, and FtanclI1e Gelvat~. LI~e Héhelt provldeu the data concerning SplclllC 

maclophagl' ()2- rlOductlon (not lIlc1udmg ()2- plOdul'tll1n data dcscrihed in chapter 4) 

Gma Poul/In plOvHJed a~~I~t.Lncc III analy~l~ or la slIrraœ expressIOn FACScan data. 

Fran f:lIle Gerval~ l~ my MlperVI~\)1. Charlel 5 IIlcludc~ li gcnerul dl~cu~~lon SUllll11aJ lIing 

the COI1c1l1SI0n~ of the thCSI~, and h~t~ dalln~ lO ollgmal rescillch. Appcndix 1 colltall1S an 

actllal copy or the manu~cnpt pllhh~hed 111 the .!ollllwl of Ll'l/AO( .... ,1' RlOlog \, volulTIc 5.1, 

July 1l)l).1l'l1t1lkd Spklllc MaclOphagc Acllvalton and Funcliol1~ III Amyltlld Enhancing 

Fal'tor-I ndllcl'ù Secondary Amylllldo"'J~, __ ';tudy of Phagocyto~i", Ktlhng, Rl'~1l!1 atory 

BllI~1, and MIIC Cla~~ \1 Surlacç Exprç~sJl)n. AA al11ylOldo~i~ 1" Ictened 10 as sccondary 

l-cactlVl' :-'yl\lemlc amylllldo ... is, 01 ~lInply ~ccondary amyIOldllsi~, lhroughout thls 

manuscripl . 
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2 

INTRODUCTION 

The tenn amyloidosis deseribes a heterogenous collection of systemic diseases 

charaeterized by the extracellular tissue distribution of proteinaceous amyloid fibrils of varied 

chemical diver~ity. Diseases involving amyloid deposition c\Jver a diverse array including ehronic 

renal dialy~is, Iipoprotein metabolism and artherosclerosis, inflammatory disorders, cancer, 

rheumatoid arthriti~ and Alzheimer's disease. 

The mechanhms underlying the pathophysiological processing of nonnally innocuous, 

soluble precursor proteins ùf various amyloids are not weIl undel'stood. Reticulo-endothelial cells 

are consistently found associated with amyloid deposits and ar~ thought to play an integral role. In 

1966, another key player, nameJy amyloid enhancing factor (AEF), was identified in amyloid 

tissue extracts (1). Recent studies demon~trate a caus&tive role for AEF in amyloidogenesis and 

suggest that il 1S a common pathogenic link between the diverse fonns of amyloidotic disorders (2-

5). To date definitive biochemical characterization of AEF has remained elusive thereby limiting its 

identification to largely functional tenns. 

The work described here focuses on elucidating the biochemical nature of AEF as 

weil as examining its possible eause and effeet relationship to reticulo-endothelial celIs 

found at the site of amyloid deposition. 

AMYLOID AND AMYLOIDOSIS 

Amyloid Deposits: 

Amyloidosis arises when nonnally innocuous, soluble proteins polymerize to fonn 

insoluble fibrils. The resulting mass of amyloid fibrils is associated with plasma and 

extracellular matrix proteins as weil as proteoglycans. As these amyloid deposits increase 

in size, they invade the extracellular tissue spaces of vital organs thereby destroying normal 

tissue architectùre and function. 

The term amyloid, meaning "starch-like", was first devised in the 18oo's by 

Virchow based on the positive iodine staining reaction exhibited by amyloid deposits of 

diverse origins (6). Despite the fact that Friedreich and Kekulé later demonstrated that the 

major component of amyloid deposits is protein (7), the term "amyloid" has endured. It is 

likely that the carbohydl'ates, such as heparan sulfate proteoglycan, commonly found in 

association with amyloid deposits are responsible for the cellulose-like iodine staining 

reaction first observed by Virchow. 

A major focus of amyloid research during the past decade has been the 

chamcterization of the individual proteins which form amyloid fibrils. To date at least 15 
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distinct amyloid peptides and their precursors have becn identitïcd to fonn deposits within 

specifie clinical conditions associated with amyloidosis (8). AH mnyloid deposlts. 

regardless of which of these proteins is the principal component. sharc cCI1ain dcfinitlvc 

tinctorial, morphological, and ultrastructural propenies. Early re~earchl'rs idcntJtïed 

amyloid deposits by sulfuric acid and ioctine staining techlllqucs (6). Illctachromatic 

staining with aniline dyes such as methyl violet and cry~tal violet (9), and eVl'ntua!ly Congo 

red stain (10). When analyzed by light microscopy without polanllng OptIC~. amylOid 

deposits in tissue sections appear homogenous, eoslllophilic and amorpholl~ (II) Wlth 

polarizing optics, unstained amyloid deposits exhibit hirefringcncc, I\Idlcating the plescncc 

of highly ordered structures (12). Vpon staining with Congo red, this hirt.'fringence is 

increased intensely, with a characteristic apple green colour, 111 a manner not ~ccn with 

other fibrillar structures (i.e. collagen) (12). Typically the presence of amylmd IS dctccted 

using Congo red stain in conjunction with polarization microscopy. 

Electron microscopie study of amyloid deposits have shown a fibrillar :.tructure 

consisting of fibrils 7 -10 nanometers in diameter (13, Fig. 1.1). Infrared and X-ray 

diffraction spectroscopy of isolated amyloid fibrib indicate that the protellls arc arrangcd in 

a cross-B-pleated sheet conformation (4) which is not nonnally present in non-pathogenic 

fibril polymers. The tinctorial and optical properties of amy!oid fibrils (once staincd with 

Congo red) as weIl as their physiological inertness within the tissues l'an he attributcd to 

this B-pleated sheetconfonnation (15,13). 

Classification of Amyloids and Amyloidosis 

From Virchow's initial description of amyloid deposits until the carly 1970's, 

popular theory held that aH amyloid deposit~ were comprised of a common major 

substance. The classification of systemic amyloid syndromes therefore evolved ba~cd on 

the anatomie distribution of amyloid deposition and the associated c1inical findmgs. 

Systemic amyloidotic disorders were usually grouped under either "secondary", "familial", 

or "primary" headings in addition to the rarer localized forms of amyloido~is. With the 

development of methods for dissolving and fractionating amyloid fibril~ extracted from 

tissues (16, 17), a number of chemically distinct amyloid fibril proteins were identificd. 

These findings made it apparent that grouping amyloidotic disorders according to thcir 

clinical nature alone is inappropriate. 

At present it is the protei!" nature of the physiologically insoluble amyJoid fibril 

component of the amyloid deposit which defines the type of amyloidosis and determines 

the pathogent.sis of the disease which result~ from itli deposition. The current nomenclature 

and classification of amyloids and amyloidosis (balied on the chemieal nature of the fibril 
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Fig. 1.1 IJH<,.tJJtI!Jl-LA~, R-PLEATED SHEt._T. (:O}~~ORMATLON. !>LAMYLOID 

DEPQSJT!L 

i\ TWhtcd G-pkatcd anti' parrallcl configuratIon of paucd filaments of an amyloid fibril in 
AA amyI01d(l~i" SIlCS of bmding of the pl anar Congo red dye are indicateti by the stippled 
hloch. (Adaplcd fmm Glcnner 1980). 

H Congo l'cd ~lalJlIng 01 a hl~liological ~ectlOn plepared l'rom the spleen of a mouse with 
C\pclllllcnlally-lIlduced AA amyloidosis (by repeated casein injections). Amyloid A 
dcposils ale tdcntlfit'd hv their charactcristic btrcfringence IlOder polarization microscopy . 
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protein), as devised at the VIth International Symposium on Amyloidosis in ll)!) 1, is 

summarized in Table 1.1. 

Amyloid A (AA) Amyloidosis 

Two observations have led \0 the thcm-y that the nature ot the palhogenÏl' 

mechanism resulting in the formation of an amyloid depo~lt i~ the saille teganlll':-'~ of the 

biochemie,ù chameter of the depo~it or the clinical setting in which il (ln' III ~ ( 1 H). The~e 

observations are that a variety of protcin~ with fundamcntally dltTercnt amino and 

seqllences form .issue protem deposlts with the saille morphologtcal, lJltra~trlJclll1al, and 

tinctorial properties, and that :!mylo;d depo~its wllh Idcntical plUtC\l1~ occur 11\ ~l'e\l\l\lgly 

unrelated clinical settings. The clumlation of the paihological proce~~es cuh11lnallilg III an 

amyloid deposit, regard les., of ils protein composition, is Iherclorc pertinenl tn ail dl~nr<kl ~ 

characterized by amyloid deposüion. The sludies dcscribed herc arc based on amylOld A, 

or AA, type amyloidosis experilllentally induced in mlce and arc 4llmed al c1ucidal1l1g the 

mechanisms whieh result in amyloid depo'iÎuon. The reported lïndrng~ me Ihercforc 

relevant to aIl types of amyloidoslS as weIl as AA amyloidosis in anllnals and man. 

AA amyloidosis (previously terrned seeondary reactivc systenlll: a1l1yloido~lS) IS 

charaeterized by the deposition of the AA protein usually consl~ling of 76 atlll no acids and 

a molecular weight of 8500 (19-21). The AA precursor moleculc, tenncd ~Cnlll1 arnyloid A 

(SAA), circulates in the serum bound to high density lipoprotclIl CI IDL). Although Us 

exact physiolngical function is unknown, it brhaves as an acule phase rcaClant Cxhlhiting a 

significant increase in serum concentration levels in c1inical ~itllatlons WhlCh prodllcc 

inflammation (22). It is not surprising then that AA amyloidmls occllr~ a~ a cOl1lpllcal1on 

of chronie inflammatory disorders (such as rheumatoid arthnus), chrome IIlfcctivc 

disorders (i.e. leprosy, osteomyelitis, and tuberculosl~), familwl dl~orders characterllcd hy 

recurrent inflammatory episodes, and certain malignancies. 

Recently. Familial Mediterranean fever (FMF), an auto~Olllal rcce~~lvc dl~()f(lcr 

characterized by recurrent episodes of fever, peritomtis, arthnlis, and plcllnlis a~ weil a~ a 

high incidence of AA amyloidosis, has been linked to the alpha-glohllllll locus on 

chromosome 16p (23). Other genes involved in the lIlflammatory proces<., which rnap ln 

this region include the integrins (a cluster of genes encoding the alpha-~lIhllnIts of 

leukocyte surface adhesion receptors). Mutations of one of thcsc gcncs (I.c. rc<.,ulting in 

overadhesiveness) may explain the episodie inflammatory proccss in FMF. ft is lInlikely 

however, that AA amyloidosis associated with FMF is due direclly to the idcnlilicd 

chromosome 16p locus. Distinct ethnic brroups exhibiting major diffcrencc~ in incidence 
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Table 1.1 Nomenclature and Classification of Amyloid ,and Amyloidosis 

AmylOld Protem Protein Precursor Climcal Setting 

M apoSAA Reii~tive (secondary) 
Familial Medlterranean Fever 
Familial amyloid nephropathy with urticaria 
and deafness (Muckle-Wells' syndrome) 

AL kappa, lambda Idiopathie (primary), myeloma- or 
e.g. kIlI macroglobulinemia-associated 

AH IgGI 
ATIR Transthyretin Familial amyloid polyneuropathy, Portugese 

Familial amyloid cardiomyopathy, Danish 
Systemic senile amyloidosis 

AApoAI apoAI Familial amyloid polyneuropathy, Iowa 
AGel Gelsolin Familial amyloidosis, Finnish 
ACys Cystatin C Hereditary cerebral hemmorhage 

with amyloidosis, Dutch 
AB B proteïn precursor Alzheimer's dlsease 

e.g. BPP 695 Down's syndrome 
Hereditary cerebral hemmorrhage with 
amyloidosis, Dutch 

AB2M B2-microglobulin Associated with ehronic dialysis 
ASer Scrapie protein Creuzfeld-Jacob disease etc. 

precursor 33-35, Gerstmann-Straüssler-Scheinker synrlrome 
cellular fonn 

ACaI Proealcitonin In medullary earcinomas of the thyroid 
AANF A tri aI natriuretic factor Isolated atrial amyloid 
AIAPP Islet amyloid In islets of Langerhans 

polypeptide Diabetes type II, insulinoma 
Alns Insulin Islet amyloid in the degu (a rodent) 
AApoII apoAII (murine) Amyloldosis in senescence accelerated mice 

Note: 'Amyloid Protem" denotes the major protem component of the amyloid deposit. 
Abbreviations-AA: amyloid A protein; SAA: serum amyloid A protein; apo: 
apohpoprotein; L: immunoglobulin light chain; H: immunoglobulin heavy chain. 
gpp 695 indicates the 695 ami no acid residue protein. 
Scrapie protein precursor 33-35 indicates the 33-35 kilodaIton (KDa) forms. 
Neither Alns nor AApoII are found in humans . 
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of AA amyloidosis demonstrate homof:cneity. at least with respert to rhromosomal 

location, of the locus rl!spomlble for FMF (23). 

AA amyloidotic riis'Jrders are characterized by a rommon pattcm of organ 

involvement. I\myloid A (AM fibnls accumulate primanly withm the ~plccn. hWI. and 

kidneys, followed by possIble deposltion ln the adrenal gland~. ga~troll1tc~tlllal trart, 

lymph nodes, pancreas, prostate, thyroid. heart. and t~ven the 111ng~ (24. 25) 

Experimental Induction of AA Amyloidosis 

Most of the known fonns of amyloidosls have only been Identlficd 111 human .. 011 

whom research is limited for obvious ethical rea~olls. Though thrrc arc rela!lvc\y ft'W 

developed experimental models of amyloidosis the allllnal equivalent of amyloid A (AA' 

amyloidosis seen in association with inflammatIon is weil estahhshed and has pro'/cn 

instrumental in the study of hU'11an AA amyloidosls. AA amyloldo~is l'an be 1Il(~ m:ed III a 

variety of species, with thf' exceptIon ot rats, using protoeols involving chronic para!'>lIlc 

infection or multiple injections of inflammatory agents (26, 27). Smce It~ ongmal 

development in 1922 (28. 29), daily parenteral mjections of micc with 1 0% ca~clll III a (1..1 

M sodium bicarbonate solution has provided a reliable and reproduelhlc mClhod of IIldlK'lIlg 

AA amyloldosis and has been shown to involve the depo~itlon of AA fihnb ~trllclllrally 

similar te those involved in the human dlsea~e (30). 

Markc!d genetic variation in re~istance and susceptiblhty 10 IIldlletlon lia'. hœn 

observed between inbred strains of mice wlth CBNJ and C57Bl/6J strall1~ among Iht: 1ll0~t 

susceptible and NJ among the most resistant (31, 32). FlIrthcnnore. genetle ana ly~l~ lISlIlg 

segregating populations of mice derived from a cross between CBA/J and A/J micc ha~ 

suggested that susceptibility to amyloidosis can be controllu:f by a single dominant gcnc 

(33). 

In keeping with the contemporary theory that amyloid rcslIlted from Immunologieal 

derangement, the amvloid indllcing-properties of casein were previously bclievcd to he 

dependent upon its antigenicity (34). CUITent hypothese~ recognize that a ba\lc 

immunological disturbance could not account for the di"ersity of protein~ secn as amyloid~ 

in the different diseases (35). It is Iikely that casein's amyloid-indllcing capaeity is rclatc<1 

to its relatively large moJecular weight (36) and abliIty 10 eau~e slgmfïcant inflammation 

leading to increased SAA serum concentrations. ft ha~ been ~uggt:~ted lhat 

lipopolysaccharide (LPS) contamination may be the mechani!'>m hy which ca~cin ,>nlutlon,> 

promote amyloid deposition (37,38). Analysis of the LPS content of the casein solution 

prepared in our laboratory however hali revealed very low leveh of contamination . 

Furthennore, it has been shown that orally ingested milk proteins enhance amyloid 

7 
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deposltion (28) even though LPS is degraded in the gut. Finally, C3H/HeJ mice (a low 

LPS responder ~train) develop amyloid when treated with casein (32). 

Serum Amyloid A Protein: The AA Fibril Precursor 

Sfl.A was originally identified in patients with and without amyloidosis as a serum 

protein ~haring antlgemc detenninanlli with the fribrillar tissue AA protein (39). 

Sub~equertt comparative amino acid analysis of both AA and SAA proteins revealed 

identical amino acid sequences beginning at the the N-tenninal ends, with t~e AA protein 

bemg shorter at the C-tenninal end (40). These observations suggest tlI<ll deavage of an 

SAA precursor molecule at illi carboxy-tenninal en0 l'ould result in the fonnation of the 

truncatcd AA protein. Indeed the transfer of human acute phase HDL into amyloidotic mice 

has resulted in human SAA being incorporated into mouse amyloid tissue (41). 

As mentioned previously, the SAA protein has been identified in a variety of 

species as an acute phase response (APR) apolipoprotein which, like most APR proteins, is 

synthesized principally by the liver. During an APR, SAA associates with HDL, in 

particular the BDL3 fraction, of which it can become a predominant apolipoprotein 

exceeding apolipoprotein A-I (apo-A-n in molar ratio (42). 

ln ail species studied to date, SAA is not a single protein but rather a family of 

several relatcd protems. The SAA genes reveal strong cross-species conservation among 

vertebrates and, in humans and mice, are clustered in small homologous regions on 

chromosomes IIp and 7 respectively (43, 44). In mice three genes (SAAl, 2, and 3) as 

weil as a pseudogene (45), have been characterized. Although SAAI and SAA2 show 

96% homology, SAA3 is substantially divergent. Ali three genes are transcribed (46) 

however only SAA 1 and SAA2 rnRNA products give rise to dramatically elevated levels of 

hepatic mRNA and circulating, HDL-associated protein during APR. White SAA3 does 

contribute moderately to hepatic rnRNA production, it yields no detectable, translated 

plasma or tissue product. The liver and, to a lesser extent, the gastrointestinal tract, 

produce the majority of SAAI and SAA2 (47). It has been shown that tissues other than 

the liver and the gastrointestinal tract can, however, express SAA3 mRNA (48). 

Three members of the human SAA gene family containing transcribable and 

tT'dnslatable sequenct's have been identified (49, 50) as weil as a fourth pseudogene (51). 

Three hepatic mRNA species code for the six major isofonns purified from the HDL3 

plasma fT'dction of individuals undergoing APR (52, 53). However, the gene farnily 

probably contains considerable polymorphism and, more recently, additional allelic and 

nonallelic variants have been reported (54, 55) . 

8 
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Much work has been done, in both humans and t11ÎCl~. show1I1g that dllnng an 

inflammatory reaction cytokines produced by actÎvatcd macrophages, !lamely IIltcrlellklll-1 

(IL-1), interleukin-6 (lL-6), and tumor necrosls factor, arc 1l':-pol1:-lolc for rcgulat!l1g the 

transcription of SAA genes in the liver (56,57, 5R). The magnltw~t: of apo-SA1\ :-yllthe~ls 

appears to be controllcd by cytokines actmg synergi:-tlcally (59, (0) \l\volvmg hnth NF I~ 

and IL-6 response elements identlf'ied wlthlll the SAA promotl'r rcgion (61) The 

rnechanisrns of synergistic stimulatIon of S1\A production appcar:- tn IIlvolVl' cnhann:d 

rnRNA transcription ar.d subsequent SAA mRNA stahIlIzatlol1 (62, 63) During 

disturbances in homeostasis plasma concentration~ of SAA l'an II1crcasc l'rom 100 tn IO(){) 

fold within 18-24 hours in mice (22) or 48-72 ho urs III man (')6). Dunng lllcrcascd 

secretion SAA can comprise up to 20% of total murine IIDL apoprotellls (64). 

Relatively little information IS availablc regardll1g the blOlogical signifkance of apo

SAA. It has been shown to modulate HDL lipid metabolism (65) dunng an APR, IIlI11hit 

platelet function (66), exert immunosuppres~ive actIvity (67), and 1Il111bIt IL-I and TI\IF

induced fever (68). In addition, rabbit synovial fibrohlasts have heen found tn produce an 

SAA-like protein with capacity for autocrine modulation of collagcnasc pnxluctlOl1 (69) 1\ 

similar protein, GSAA 1, has been described at the gene level 111 humam. (70). Il i~ posslhlc 

that SAA functions physiologically as a regulatory protein inhlhiting a variety of acule 

phase responses and/or regulating the removal of specifie c()nstitllcnt~ from ~ite~ of tl<;<;UC 

destruction. 

Due to the amino acid sequence identity betwecn munne apo-SAA2 and l11urinc A1\ 

fibrils, apo-SAA2 is genf'rally believed to the be the sole precursor of AA fihrils in Imcc 

(71). In the first 25 amino acid residues, murine SAA 1 and SAA2 diffcr at only IwO 

positions (45,71). It has been shown that syntnetic peptide~ corre~pondlllg to the N

tenninal Il amino-acid-residue segment of SAA2 form amylOld-hkc fihrtl~ il! Vitro, whllc 

the corresponding segment of SAA 1 do not. This finding IIldicate~ that differenccs III the 

N-terminal portion of SAA determine the amyloidogenicity of murme SAA isoforrn.., (72). 

It has been suggested that SAA2 is rapidly and selcclively removed from the 

circulating pool of SAAI and SAA2 duc to a dramatic decrca..,c in pla~ma SAA2/SAA 1 

ratios (concurrent WIth a fmrIy constant SAA2/SAA] mRNA rallo) dunng a 20-day course 

of murine amyloid induction using casein (73). Rc~carch donc III our lah howevcr did not 

indicate a selective decrease in serum apo-SAA2 before 38 day.., of ca~cm II1Jection~, 

therefore weIl after amyloid deposltion had becn initiated (74). The relative tllne diffcrcncc 

between these two studies may be duc to the fact that the former ~tudy (73) mea~urcd SAA 

isotypes by isoelectric focusing versus SDS-PAGE followed by dcn~ilomctry in the Jatter 

(74). It is possible that isoelectric focusmg allo\'. ~ for hcttcr ~eparatJon of the two SAA 
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i sotypes learl 1 ng to a better as~e~sment of the ratio Cl each apoprotein. Furthermore, the 

apoSAA2 I~otype)~ more ea~ily displaced from il<; HDL carrier than apoSAAl (75) and 

e1ement~ ~uch a~ llpopoly~accharide and apoproteins AI and AlI have been shown to 

compete wlth SAA for bmding to the HDL carrier (75-77). Differentiai binding affinities 

betwecn the two SAA Isotype~ a~ we1I a~ competition for binding with other factors may 

weil mfluence apoSAA ratIOs as detected by different methods. For example, researeh was 

conductcd ln our lab u~ing miee bred and maintamed In specifie pathogen free faeilities. 

Reduccd concentrations of circulatory lipopolysaceharide may weI1 delay the selective 

removal of apoSAA2. Should this be the case, it would appear that amyloid deposition 

occur!'. regardless of whether apoSAA2 IS seleetively removed from the circulation. 

Though sorne studies have reported that human SAA 1 gene products aceount for 

the vast majonty (80%-100%) of the AA protein isolated from any one individual (78), it is 

generally believed that preferential deposition of particular ,soforms does not occur in 

humans. AA-proteins isolated from various mdividuals have been found to vary from 94 

to 43 resldues (positions 2-44) indicating that an amyloidogenic region IS the N-terminal 

part of the molecule (79). No N-terminal variation is seen between the different human 

SAA Isoforms possibly explaining why especially amyloidogenic human SAA variants 

have not yet been c1early indleated (72). 

Process of AA Amyloid Deposition 

10 

The deve10pment of AA amyloidosis has been deseribed as involving two phases: 

the pre-amyloid phase and the amyloid phase (80, 81). The first phase is comprised of 

sequential host responses to tissue injury and cell necrosis (i.e. an APR) including 

macrophage activation and cytokine production, transient hepatie SAA production and 

association of apo-SAA with HDL3 ultimately resuIting in elevated levels of circulating 

SAA. The proceedmg amyloid phase is characterized by SAA precursor processing into 

AA molecules. Flbrils are assembled from filaments of AA molecules which, together with 

other constltuents, accumulate as bundles of fibrils whieh constitute fibrous deposits within 

the tissues. Lateral aggregates of fibrils and filaments have been observed in proximity to 

celIs, oriented perpendicularly to, and merging with the ecll membrane. Amyloid fibrils are 

observed as bundles near cell membranes and more dis~ ;rsed at greater distances from 

cells. Organ deposition in AA amyloidosis occurs primarily within the spleen,liver, and 

kidneys. The earliest site of deposition is the perifollieular area of the spleen in close 

proximity to phafocytic eells. around the follicles, and extending outwards to the rcd 

follicular pulp (82). Hepatic amyloid deposits are initially detectable around Kupffer eelIs 
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and parenchymal cells. In the kldney, deposition initiates within the mesanglal region 

glomeruli then spreads to the basement membrane, endothelial cells, and renaimedlllla 

In addition to the pnncipal amyloid protein compone nt of amylOId deposIts other 

constituents have been found to be inc1uded 111 amylOId depo!\lt~ of all val letIe~. I\t ... OIlle 

point during the process of amylOld fonnation, the~e factor~, most notahly alllyiold P 

protein, glycosaminoglycans, and AEF become Involved re~ultll1g in theu IIll'ill ... lon wIthlI1 

the deposit. The importance of the se components WIll oc cnnsldered helnw 

COMMON EtEMENTS OF A M\l.()fI) ()EI'OSII'S 

Besides sharing common, definitlve structural propertles, ail type ... of amylold 

deposits tested to date have becn found to inc1ude both amylold P protcin (1\(», hlghly 

sulphated glycosaminoglycans (GAGs) and apolipoprotcm E (apo E) 

Serum Amyloid P Component: 

Il 

During the identIfication of the various amylold constItuent protcins, an alpha

globulin was found associated with amylold fibnb. Once Isnlated, tlll'; pla~Il1a componcnt, 

termed amyloid P component (AP), was determined to he a pcntagonally :-.tructurcd protCIll 

distinct from amyloid fibrils and identical to a nonnal cm.:ulatmg pla:-.ma con:-.tttuclll wllll:h 

was then called serum amyloid P component (SAP) OU). The tcnm AP and SAP thcrcfOle 

simply denote the different locations (cither assoclUted wlth amyloid tl"'ilH.':-' or ctn.:lIlatlllg III 

the serum respectively) of the ~ame protcm. Though Il1Itially :-.uspcctcd to ne ahscnt l'rom 

intracortical and intraneuronaI amyloid depo:-'It~ charactemtlc of Al/hcimcr's dl\Ca ... c (AD) 

(84), AP immunoreactivity has now been detccted In ncurofïhnllary pathology of AD and 

other neurodegeneratlve disvrders charactenzed by amylOldotlc plaquc:-. (X5). AP ha~ OCCIl 

detected in aIl other types of amyloid tested to date. 

Studies done in AA amyloidosls in mire have given dircct cvidcncc that Clrclllatlllg 

serum SAP is indeed the precursor of AP within amylold deposIts. In short, whcn an 

exogenous source of either human or murine 125I-~abelled SAP 1S lI1)cctcd II1to AA 

amyloidotic mice, it is deposited within the liver, spleen and kldney" ln a concentratIon 

directly proportional to the extent of AA fibril depo~ltlon (X6). AI' IS ~tackcd on AA 

deposits, therefore is not an integral part of the amylold fibril, and may alllount tü 1O-15'Yt-, 

of the total AA fibril mass. Its deposition ha~ been found to he comcidcntal wlth the 

appearance of AA fibrils (86). 

SAP, human C-reactive protein (CRP) and other animal homologuc~ :-.uch as Syrian 

hamster female protein (FP) are ail memœrs of a famIly of pentraxin protem<; charactcrizcd 

by a discoid conformation of 5-10 noncovalently bound subul1lts arrange<J as two ~Uickcd 

pentraxins. Though a considerable amount of sequence homology eXI"ts bctween thc')c 
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protclIl'l thcy rcmain immunologically dl'ltinct SAP has been found in all vertebrate 

!>pecle!> IOve,>tlf:atcd mcIudmg the mou~e, rabblt, plg, goat, sheep, donkey, human, cow, 

manne toad, pl~lIce, nounder, and dogfi~h (H7). Structurally, human AP conslst~ of 10 

IdentlcaJ alpha-glycoprotcm \uhunit\ cach of approxnnately 23 000 with a total molecular 

wClght of 230000 ŒX, XC». Munne SAP monomers ITIlgrate at a relative 11l0lecular weight 

of 3 1 000 (90) and po,>~e~~ approxlmatcly 10% carbohydrate (91). 

12 

Synthe'>l'> of SAP occur,> JO the ltver. In man, the half-hfe of AP is 7.8-8.5 hours, 

!>ugge~tlOg a rapld contmuoll~ production to mamtum a stable and slgnificant serum level of 

40-50 uglml (92). SAP I!> mcrea~ed slightly in chronie active disorders including certain 

malignancle~ and rheumatold arthritis (93). 

In mice, SAP acts as an acute phase protein (90). There are marked, genetically 

dctermined difference~ in resting SAP levels within inbred strains of tnice yet all strains 

appear to reach the !>ame serum concentration (-170-240 ug/ml) within 24-48 hours after an 

mflammatory ~till1ul us (94). /1/ vivo and in vitro studies examining the effects of IL-l 

(95), IL-6 (96), and TNF (97) hav~ established mat mese molecules are involved in the 

medlation APR protcin inductIOn. Crudc macrophage supematants and purified IL-I have 

been ~hown to reglliate SAP synthesls specifically (98) and recombmant IL-6 and IL-l are 

known to exhlblt synergi~tlc inductIon of hepatocyte SAP ~ynthesis in vitro (99). 

Hepatocytc cu1ture~ exhlbtt ~nsltIvtty to cyclohexamidc treatment wlth respect to SAP 

synthe~I", yet relative le~l"tance Wlth respect ta SAA synthesis, suggesting that different 

reglllation by protein factors occurs in each case (100). Inhibition of SAP synmesis by 

actmomycm-D and colchicine mdicates that regulation may occur both pre-tran~lationaIly 

and dunng ~ecretlon (JO 1). 

While the blologital function of SAP is not known, the stable evolutlOnary 

conservation of overall molecular structure and binding specificty within its family of 

pentraxin proteins suggest~ that it plays an important phy~lOlogical role (56). AP has been 

reported to he a component of the mlcroflbrils that are the structural umts of elastin fibers in 

connective tissues (102) as weIl as a nomlal matJix glycoprotein of glomerular basement 

membrane (l03). In addition, SAP has been shown to bind amyloid fibrils (104), 

fibronectin (105), heparan slliphate and dermatin sulphate (106), and C4-binding protein 

(105) in a Ca2+-dependent manner and macrophages via their mannose 6-phosphate 

receptor (107). It pos~e~~es a high affinity. Ca2+-dependent binding site for the 4,6-cyclic 

pyruvate ace ta 1 of me galactose resldlles present in agarose as the galactan homopolymer 

and in the ccli walls of a fcw bacteria (l08). SAP has also been reported to interact with 

inullobilized single or double-stranded DNA In a Ca2+-dependent manner (109) . 

Furthennore, SAP is able to displace H-I and interact with chromatin (lI 0). It has been 
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proposed that SAP may solubilize extracellular DNA and hclp c!car Il !rom thc nrrulatnry 

system. In addition, SAP undergoc!> sclf-aggregation 111 the pre~t'Ill'C 01 cakltlln ~ III) 

Heparin and other glycosammogl)cans have ocen '.hnwn ln IIll1lhll Ihls pnlylllt'll/:ltlnn 

(106). It ha" therefore heen '.ugge~ted thal hepanll Illay lllt1ut'nœ Illl' ,ltnrcmcn!IOIll'd 

interaction between C4-t Illdtng protetn and SAP 1fI \'/\"0, Iherehy .lltl'lIllg Ihl' dl:-Illhllilon ni 

SAP and C4-bmdlllg prote 111 111 the :-erum. ln Ihl\ ea ... e SAP m.ly ,IcI a ... an ImpOlt.1Il1 

regulatory protein in the complement and/or cnagulatlOn "y ... tel1l'. ( Ill. 112) 

The role that SAP ll1ay play III the pathologleal procc: ... " of amylold dt'pO\ltlOll ha:-

yet ta be elucidated. Studles ')f (ilfferenee., 111 SAP IndUCllon III alllylOld '.lI,>ct'ptlhll' .lIld 

-resistant mbred "Itrall1s ofmlcc \I1dlcate that ~lI\1all1cd hlgh kwl'. ni SAP aIt' COIl~I ... 1CI1I 

with susceptibility (113). It ha., becn po"tulated that AP a ... ~nclatl'd \\1111 11111.:lollhnl\.1I Ihe 

periphery of elastic fihers may hmd amylOld fihnl maten,1I and em:olllage Ih depO\IIIOIl al 

this site (102). Altemat1vely, SAP may lI1t1l1Cnce amylOid dCPO\1I101l by hllldlllg ln l'11mb 

thereby protecting them from ~nzymatic degradallolJ SAP hat-. lIldecd Orl'Il "howll 10 

inhibit the actl'Iity of enzymes lI1c1uding porelflc pancreatlc cluyme. and P,\l'IUlof/l(lfl(l.\ and 

human elastase (114, 115). 

Proteoglycans and Glycosaminoglycam •. 

Proteoglycans (PGs) are a div~rt-.e group of extracellular matnx prolCIIl'" cOlllpn ... cd 

of a glycosaminoglycan (GAG) attached 10 a protcm core GA(,s are ..,ulphatcd 

carbohydrate moietles of which therc are four type ... , namcly hepann/heparan "ulphalt'. 

chondroitm sulphate/dennatan slilphate, keratin ,",ulphate, and hyalurollll' aCHI (116) P(; ... 

are distinguished by their GAG content. 

I-hghly ~ulphated GAGs have been dcmomtrated ln ail fonm ot alllyiold cxarnlllcd 

to dat.! (117). In AA amyIOldo,"'ls, /;!lycosarninoglycan!> and <Imyl<)!(1 peptide" have ocen 

shown to be depo!>ited comcidcntally (11 X) and III amollnt~ dlrcctly propor\lollallO the 

extent of amyloid deposition (119) 1111', as~ocIation betwecll GA(i~ and AA amylOld 

deposits has been con~l~tently ob~erved regardle~~ of the nature of II1llammalory "lImlllll" 

used to induce depmltion, the organ ~Jte of depO\JtlOn, or the lenglh 01 tlllle hetwcen 

induction and fibril depOSltlOn (118) Furthermore, "ludlC~ have ..,hown that the major type 

of proteoglycan occuring in AA depo~its 111 expenmcntally 1I1duccd anlyloldow, l~ the 

basernent membrane proteoglycan con ... tltuent hcparan ~ulphate pr~)teoglyc(jn (J ISP(J) 

(120). Though cationic stainmg sttldle<., have been lIlterpretcd tn ..,how that oolh the protel n 

core and the carbohydrate core are intimately a~",ocJated wJth AA fihnl ... (121), alternatIve 

research comparing amyloid a~~octated glyco~ammoglycan<, before and after B-clllTllnatHlIl 

or enzymatic digestion seem to mdicate that glyco~amJnoglycan<., a" ... ocIa1cd wlth amylOld 

fibrils isolated from AA amyJoldotic hurnan liver do not appear a ... part of mtaet 
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proteoglycans (122). HSPG has been described in at least five fonns of amyloid including 

AA, AL, the 8-arnyloid of Alzheimer's disease, the prion arnyloids in Creutzfeldt-Jacob 

disease, Gerstrnann Straussler Syndrome, experimental scrapie, and the amyloid associated 

with type II diabetes (120, 123-125). In addition, the dermatan sulphate proteoglycan has 

been detected in AA arnyloidosis and 8-amyloidosis in Alzheimer's disease (122,126). 

The significance of consistent codeposition of GAGs with amyloid fibrils remains a 

rnystery. As previously rnentioned, the SAA2 isofonn is the sole precursor to AA amyloid 

in mice. Studies with different GAGs and murine SAA 1 or SAA2 showed that only SAA2 

and heparan sulphate interacted so as to rnarkedly increase 8-sheeting in SAA2 (127) The 

as~ociation of SAA2 with the GAG also protects the SAA2 from proteolytic digestion 

(128). This observation suggests that GAG or HSPG rnay play a role in both the 

pathogenesis and the structure of the amyloid fibrils. One potential way in which this 

might occur is through an ionic interaction between the amyloid peptide, or its precursor, 

and the sulphate rnoieties on the GAG. By sequence analysis, potential GAG binding sites 

have been identified on SAA (129). 

Apolipoprotein E 

More recently, apolipoprotein E (apo E) has been detected in association with a 

wide variety of amyloid fibrils including AA , 8-protein, scrapie protein, immunoglobulin 

light chain, and cystatin C amyloids (130, 131). Apo E is a 299 arnino acid protein with a 

molecular weight of 34 000 (132). Besides ils structural role in a nurnber of lipoprotein 

particles. apo E is known to regulate lipoprotein metabolisrn. In addition apo E has been 

suggested to function as neurotrophic factor (133) as weil as an immunoregulatory 

molecule (134). Apo E is produced by most organs with its greatest concentrations 

occuring in the liver and brain. A range of cell types, including macrophages, can produce 

apo E (132). Apo E is the principallipoprotein in cerebrospinal fluid, where its levels have 

been observed to increase during certain central nervous system disorders (135). Apo E 

binds GAGs (136). It is possible that the consistent detection of apo E in arnyloid deposits 

is slmply the result of non-specifie binding to GAGs. 

At this point it is not clear whether the common presence of AP, GAGs, and apo E 

in such a, ariety of amyloids is the result of their integral role in the pathological process of 

amy]oid deposition. Sorne investigators have feh that amyloid deposits represent a "sink" 

into which a variety of cornponents including GAGs (137), and possibly SAP and apo E, 

are dmwn. Indeed a diversity of proteins have been detected in sorne amyloids, for 

example vitronectin (138) or alpha-antiehymotrypsin (139). Tc date, however, SAP, 

heparan sulphate. and apo E remain the sole non-amyloid protein constituents common to 
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all amyloid deposits examined. regardless of the type of amyloid deposll or the c1inical 

situation in which the amyloid deposit occurs. 1t has been shown that amyloid fibrils ciln 

he fonned Î" \'Îtro in the absence of AP and GAGs (11) suggestmg that a fibrillogenic 

protein and appropriate environmental conditions could he the exclUSIve reqUlrcments for 

the fonnation of amyloid deposits. It IS possible however. that AP. GAGs and apo E 

function as 'pathological molecular chaperones' (130). 'Molecular chaperone),' arc a newly 

recognized family of proteins. found in ail cell types, that interact with other polypeptides 

specifically so that they assume a functional tertiary structure, preventing them from 

undergoing Incorrect interactions (141). 'Pathological chaperones' have thcrcfore hecn 

defined as a group of unrelated proteins that mediate B-pleated amylold fonnation of 

polypeptide fragmentli without becoming mtegral components of Ù1C amyloid fibril (130). 

As such pathological chaperones AP, GAGs, and apo E may function by bmding 

specifically to amyloidogenic protein surfaces Ùlat are fonned during aberrant protem 

degradation thus preventing further proteolysis. Alternatively, they may bc csscntial to 

establish or maintain conditions amenable to fibril fonnation or prevention of immcdiatc 

resorption of fibrils before fonnation of bundles of fibri Is and accumulation of amy loid 

deposits (129). 

Much of the recent work concerned wiÙl elucidating the role of GAUs and SAP in 

amyloid deposition has focussed on the possible, fundamental Involvcmcnt of the hasclllcnt 

membrane. The basement membrane IS a specialized form of extracellular matrix which 

provides an underlying structural support for epithelial cells as weil as neuronal and 

mesenchymal elements (142). Basement membranes are composed of several major 

components including fibronectin, laminin, type IV collagen, and proleoglycan~, cach of 

which have been identified in AA amyloid dcposits (143). Furthennorc, AP I~ a n0n11al 

constituent ofbasement membrane (103). Basemenl membrane disruption is obscrved in 

both AA amyloids and amyloid associated with Alzheimer's di~case (144, 145). Thi~ 

basement membrane dysfunction, coupled with the inclusion of basement membrane 

components in amyloid deposits, has led to the postulation that amyloid peptides and/or 

their precursors could influence basement membrane organization or that basement 

membrane components could influence amyloid peptide organization into fibrils (146). 

Amyloid Enhancing Factor (AEF) 

Il has become increasingly evident that a component isolated from amyloidotic 

tissue, tenned amyloid enhancing factor (AEF), may also be incJuded under the heading of 

"common elements of amyloid deposits". AEF was originally deM:ribed in the contcxt of 

AA amyloidosis (147), however its activity has now been identified in tis~ue extract~ of at 
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least four fOnTIS of amyloid inrluding AA, AL, B-amyloid, and transthyretin amyloid (148, 

149) implicating its probable relevance in aIl types of amyloid. It has been postulated that 

AEF may act as a common pathogenic link between the diverse fonns of amyloid (150). 

Though definitive biochemical characterization of AEF has not yet been 

accomplished, AEF can he Identified by its ability to induce arnyloid deposition 24 to 48 

hour~ following coadministration with a single inflarnmatory stimulus (in animaIs 

undergoing sustained inflammation, amyloid deposition is not usua)ly detected before 15 

days) (150). Treatment of ex peri mental animaIs with AEF aJonc (Le. in the absence of an 

inflammatory stimulus) causes neither inflammation nor amyloidogenesis. AEF activity 

has been detected in ce)) suspensions from whole or partial sections of spleen or lymph 

node, and spleen, liver, kidney, heart, and bone marrow extracts from pre-amyloidotic and 

amyloidotic animaIs (151-154, 27, 4). It has been extremely di ~ficult to separate AEF 

activity from the AA protein (155), however neither pUlified amyloid proteins nor 

commerclally purified GAG preparations possess AEF activity (3, 119). Furthennore, 

when mice are treated with AEF of human origin in conjunction with an inflammatory 

stimulus, the AA deposited is of murine origin (150). Additionally, when mice are injected 

with murine AEF and human SAA. the arnyloid fibrils are of human origin (41). These 

obselVations support the concept that AEF is an entity separate from the major amyloid 

fibril protein component or the GAG component of amyloid deposits. 
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Studies have shown that the concentration of AEF increases markedly during 

inflammation (5) and in doing so allers the metabolic processing of at least one acute phase 

reactant, apoSAA (156). !'10st research with regards to the origin of AEF suggests that it is 

dcrived from and exerts its action al the level of the macrophage. Indeed, it is likely 

derived from a cell common to both the liver and the spleen (i.e. reticuloendotheliaI ceUs) 

since splenectomized animaIs can generate AEF activity in their livers upon appropriate 

stimulation (157). AEF appears approxirnately 24-48 hours before the histological 

detection of amyloid fibrils (3). The kinetics of amyloid deposition in experimentaI animaIs 

using standard induction protocols or following the passive transfer of AEF, are identical 

with the exception of the lag period necessary for the appearance of AEF when using 

standard regimens (157). The lag phase for AEF induction is obviated during passive 

transfer. AEF activity has been indicated to be maintained for at least four weeks following 

intravenous injection, prior to clearance by reticuloendothelial cells (4). 

The importance of AEF in amyloidosis has been clearly demonstrated in studies of 

amyloidosis susceptible inbred strains of mice. For example, work done in our lab was 

able to show that. following standard AA amyloidosis induction, genetically amyloid 

resistant NJ mice did not exhibit amyloid deposition nor did their spleens contain detectable 
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AEF activity. When the se mice received AEF prepared from the spleens of amyloidotic • 

susceptible C57BV6 mice however, they develope(} amyloidosis at an accelerated rate. It 

was therefore deduced that resisHmce to amylOldosis in A/J mire ran he attrihuted 10 their 

inability to produce sufficient AEF and thm susceptibihty to AA amylOldosls corrc1ates with 

the increased concentration of AEF (158). 

Methods of extraction of AEF activity vary from laboratory to lahoratory. Isolation 

has been achieved by a variety of methods inclucling homogenizing amylOldotic IJssues in 

glyceroiffRIS-buffered solutions wi:h fmther precipitation of AEF from the supcrnatant hy 

dialysis against PBS (4), fractionation of Ihe precipitatcd protcins by chromatogwphiL 

methods (4, 154), precipitation of AEF activity from hOlllogcnilcd organs with ammonium 

sulphate followed by fraetionation of activily with Sephadcx, Biogcl P-60 and 

benzamidine-Sepharose 6B affinity chromatography (5, 159), and primary extraction in 

high salt (KCl) concentrations (4). None of these methlxls have allowcd for the complete 

purification ofany specifie component orcomponents with AEF activity. The faet thou 

AEF is relatively insoluble in physiologieal buffers has dramal1cally hindercd the 

purification process. Work done in our lab has taken the purification of erude AEF cxtraet 

prepared according to the first method described above one step funhcr hy soll1hilizing 

AEF activity in a 6% ureal 1 % B-mercaptoethanol/ 1 mM EDTA buffcr amen able to further 

purification procedures. 

Most research examining the. nature of AEF has assumed that il is a single, unique 

molecule. AEF has been assigned a number moleclilar sizes ranging from 5 .5 kDa (160) 

to 55.1 kDa (L. Hébert, unpublished observations) the smallcst hcing attrihutcd to uhiquilin 

(160). Accumulating evidence indicating different mole~ular ~izes with respect to variolls 

AEF preparations suggests that the AEF activity detected in each type of amyloid deposit 

may not be attributable to a single, common molecule but rather to a group of rnoleculcs, 

perhaps with unrelated physiological functions, but sharing ~ome exceptional 

characteristics which lead to their ASF activity in each type of amyloidosi<.;. 

Reports have claimed that a substance with AEF activity, detecled in amylOld-laden 

tissue from both AA amyloidotic mice and patlent~ with Alzheimer's di~ca<.;e, is actuaJly 

ubiqutin (160, 161). Immunoblotting of cTude AEF extracts, prcpared in our lab from cach 

of these sources, did not indicate the presence of ubiquitin (unpllbl ished ob~ervations). 

Furthennore. when mice received an i. v. injection of ubiqunin in conjunetlon wilh a ~.c. 

injection of silver nitrate as an inflammatory ~timuills, we did not deteet ~plcnic AA fïhril 

deposition within 72 hours. Differing AEF extractIon protocoh or A EF activity as~cs~mcnt 

regimes may explain apparent ubiquitin-associated AEF activity. For cxample, the ~tudie~ 

confinning ubiquitin's AEF activity (160,161) involved micc undergoing an inflammatory 
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response induced by s.e. silver nitate injections for 4 consecutive days. AnimaIs were not 

sacrificed until 24 hours after receiving the final silver nitrate injection. Our AEF bioassay 

is conducted treating mice with a single s.c. injection of silver nitrate adrninistered 

concomltantly to AEF injection. Animais are sacrificed 48 to 72 hours later. Continuous 

inflammatory stimulation of mice with multiple injections of silver nitrate may weIl result in 

the mduction of sorne factor, such as endogenous AEF, which may use ubiquitin as a co

factor to produce accelerated AA amyloid deposition. Ubiquitin, wh en injected in this 

fashion, may then exhibit AEF-like bioactivity. 

18 

AEF has been proposed to promote amyloid deposition in a number of ways, none 

of which have been proven. As previously discussed, it is not c1ear whether selective 

removal of the AA amyloid precursor occurs during the development of amyloidosis in 

miee and does not appear to oecUT in humans. Data collected in our lab has shown there is 

no change in circulating serum apoSAA l/apoSAA2 ratios following accelerated amyloid 

induction by injectIon of AEF. If proven conclusively, this would suggest that AEF does 

not affect the SAA2 precursor at a stage proceeding the nonnal association of acute phase 

reaetants with their HDL carriers (74). One hypothesis suggests that AEF could act as a 

nidus for fibril deposition (119) which disrupts local GAG synthesis or clearance thereby 

perpetuating amyloid deposition. AEF has aIso been suggested to alter the activity of 

Iysosomal glycosida'ies (162) or may itself be a leukocyte-derived thh.A/serine protease 

(163). The clarification of the role of AEF in the development of amyloidosis as weil as the 

elucidation of its biochemical nature in AA amyloidosis are the focus ofthis thesis. 

RETICULOENDOTHEUAL CELLS IN AMYLOIDOSIS 

Fibril deposition in amyloidosis has been consistently observed in close association 

with reticuloendothelial cells (RE) il/ situ (164) suggesting that these cells play a significant 

role in fibril deposition. Both histological and experimental evidence points to the 

importance of phagocytIc cells in amyloid fibril fonnation, particularily in inflammation

assoctated AA amyloidosis, in which mononuclear phagocytes are involved in the 

regulation of precursOt production, formation of fibrils, and intraphagosomal digestion of 

fi brils (1 1. 165). 

Normal peripheral blood monocytes are known to he capable ofmediating SAA 

degradation ill vitro through the action of cell surface enzymes. This degradative pathway 

is thought to involve initial proteolytic cleavage producing AA as an intermediate followed 

by complete proteolysis into smaller fragments (166, 167). Studies aimed at elucidating the 

exact relationship between RE ceUs and amyloid fibril deposition have led to the discovery 

that mononuclear leukocytes from healthy individu aIs are capable of mediating complete 
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SAA degradation whereas the cells of amyloidotic patients produœ an intcnnrdiate protôn 

fragment both the same size and immunologie aIl y cross re-active \Vith AA (166). ln 

addition, nonnal mur:ne Kupffer cells have been found 10 dcgrade SAA cOl1lplete1y. 

whereas Kupffer cells from amyloidotic animais producc thr AA IIllclllediatc l'auslIlg 

accumulation of the AA protein (168). These findings have kd to th,-- :,ypothe~i s that tIssue 

amyloid deposition may be due to innappropriate or incomplete SAA degradatlon hy l'clis 

of the monocyte/macrophage lineage, resulting in the accumulation of AA. 

It has been suggested that a pathological modulation in macrophage-as~()(:ialcd SAA 

degradation develops during the prolonged, pre-amyloid phase of standard AA-amyloid 

induction protocols. Induction of endogenous AEF is thought to occlIr during tht' pn.'

amyloid period (3). In keeping with this, treatment Wlth an exogenolls source of AEF 111 

conjunction with an inflammatory stimulus wou!d incur a more immcdiatc macrophage 

modulation causing accelerated amyloid deposition. The thcOi-y that AEF may he the 

effector behind altered macrophage funclion ultimately rcsulting in AA deposition IS 

supported by data comparing the kinetics of AA intennediale accumulation and the 

appearance of AEF aClivity (168. 3) in which delectable AEF actlvlty nece~sarily precctlc~ 

AA fibril fonnation, It is logical th al a specifie, pathologie al factor such as AEF mu"t he 

present 10 cause mcomplele SAA metabolism. If activated RE celh alone WCI e rcsponslble 

for the appearance of AA, then AA shollld be deposited IIllllo~t inflallllllatory COIl<l!tU)IlS 

and at the sites of inflammation (18). Amyloid dcposition as a complication of 

inflammation, however, is rare and initial amyloid deposlls, at leaM expcrimentally, arc 

always found in precise anatomical locatIons within the ~pleen and liveT but nevcr al the 

sites of inflammation. In addition, both c1inical and experimental ob~ervation\ ~how that 

serum SAA levels may be elevated for prolonged pcriods in the ab~enu.:- ,.f amylold 

deposition. 

Il has been established then that the mononuclear phagocyte ~y~tem play ... a ccntral 

role in amyloidosis in that it provides cytokine signais that regulate expre~sion of ~ome 

amyloid precursors as weil as the proteolytic enzymes that convert precursors to fihril 

proteins. Il is therefore important to review the phenotYPlc and functional characlcmtic'i of 

the macrophage, particularily in the context of inflammation. Sorne of the work prc~ented 

in this thesis in volves the evaluation of the functional ~tate of activatcd, ~plel1lc 

macrophages (including phagocytosis, bactericidal and respiratory bur~t activity, and Mlle 

Class II expression) during AEF-induced AA amyloido~is Con~cquently, we will revlcw 

sorne of the principles specifically related to those elements of tissue macrophage rc~ponsc 

The mononuclear phagocyte (or reticuloendothelial cell) ~ystem represenl~ a group 

ofwidely distributed, multifunctional, and morphologically heterogenou~ celJ~. 
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Originating from bone marrow stem cell precursors, all ceUs within th1s lineage pass 

through monoblastic then promonocytic developmental stages prior to release into the blood 

as monocytes. Following a ~hort circulation period, monocytes migrate into tissues to 

fonn the macrophages of the lungs. liver, spleen. lymphoid organs, pleural and peritoneal 

cavities. bone~ and ~o on, where they undergo final, tissue-specifie differentiation (169). 

In general, macrophages are key players in both the immune and inflammatory reponses. 

They respond to a variety of stimuli with aggregation, activation of movement, secretion, 

endocyto~I~, activation of respiration, and production of mediators including those that 

perpetuate inflammation, and are capable of phagocytosis and processing antigen (170, 

171). During ~ustained inflammation macrophages become "activatcd", resulting in 

enhancement or imtiatlon of certain functions incJuding phagocytosis, bactericidal and 

respiratory burst activity, and antigen presentation (172-175). In the context of chronic 

inflammation, the activated macrophage is therefore relevant to the development of AA 

amyloidosis. 

When mononuc1ear phagocytes encounter invading microorganisms or other 

appropnate stimuli, they undergo a "respiratory burst" in which they consume and convert 

oxygen into the potent microbicidal agents superoxide anion (02-), hydrogen peroxide 

(H2Û2), hydroxyl radical, and singlet oxygen. Thcse oxidants are reactive enough to 

destroy most biological molecules and are responsible for much of the damage inflicted by 

phagocytes on both microorganisms and sUlTounding tissues at sites of infection or 

inflammation. The metabolic pathway responsible for reactive oxidant production is 

initiated within a few seconds of plasma cell membrane exposure to any one of a large 

number of stimuli, among the most effective of which are several that are likely to he 

present at illflammatory sItes including opsonized microorganisms. complement fragment 

C5a. leukotriene 84, and N-fonnylated oligopeptides of bacterial origin. Activation of this 

membrane-associated pathway is characterized by an abrupt increase in oxygen uptake 

devoted to the production of a series of compounds incJuding superoxide (02-), hydrogen 

peroxide (H2Û2), and other oxygen-containing compounds, aIl of which are highly 

reactive. In addition, augmented oxidation of glucose occurs via the hexosemonophosphate 

shunt (HMPS) (176). The biochemlcal basis for the respiratory burst is descrihed in in 

detail in Figure 1.2. Reactive oxidants are essential to the increased microbicidal capacity 

of activated macrophages (177). 

In addition to its direct effector role in microbicidal destrucion, the macrophage 

contributes to regulation of specifie immune responses. This compiex function includes 
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Fig. 1.2. THE BIOCHEMICAL B.\SIS OF THE RESPIRATORY J!.URs.r 
Adapted from Babior et al (\73), 
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A) The Hexose Monophosphate (HMP) Shunt. Glll~ose OXIlbl101l IhlOUgh the IIMP 
S lUnt accelerates during the respiratory burst duc to illCrca"cd production (,1 NA 1)1>1. the 
availability of WhlCh limits the activity of the HMP shullt. NA DI>+ 1" produccd Iluoligh 
the actions of (a) activated NADPH oxidasc and (h) a glutalhlOlll' t.kpendcllt "y"IL'11\ thal 
uses NADPH to detoxify H202 as follows' 

(a) 2 02 + NADPH NADPH lI\lll.l\e 2 Oz' + N I\.I)IH + 11+ 
(b) NADPH + H202 (i\l1t.11hlOl\l' 1'\'I,)\\\I.\wflt:l\ml.hl" NAn., + 2 1120 

Each glucose metabolized via the HMP <;hllnl Icducc" IWO 1lI0!t:CIIIl'" of NADP 10 

NADPH via the following set of reactions: 
Glucose-6-P + NADP gluco~c·6"P deh}dlogcll.l\l' 6-phosphoglucmHltc + NAUPII 
6-phosphogluconate + NADP 6-phn~ph()~JI1CO!l.IlC t!Chvt!lOgcnao.,e 

Rihulosc-S-P + C02 + NAIWII 

~ 1 

Thus NADPH ncœssary forthe conlll1ued operatlOlI ni the le"plJaloly oUl"t I!'. repklll'\hed 

B) The biochemical basis for the respiratory bursll~ the acllvatlon of NAIWII oXlda!'.l' 
dormant in resting cells, which catalyzes 02 reductlon al Ihe expCll'il' of NADPH ()xy~cll 

consumption and 02- production occunng during the Ic.;plratory hur~t an: accouillet! lor 
entirely by this reaction, H202 is then produced primanly via ell/ylllatlcal!y calalyml 
dismutation of 02" by supcroxide dl'imulase. 

C) The reactive oxidants responsible for mo~t oxygcll-mcdlatcd damage hy phagocytc ..... 
are generated from 01" and H10Z produccd in the rc~pllalory hur,,!. 02" <md 11202 ale 
converted by a c<.'mplex series of secondary reaclion~ to a) oXHl1l1ng radlcab and h) 
oxidized halogens, Examples of each ofthese arc: 
a) the OH- (hydroxyl radical) produced pnmarily hy thc '\0 called "modlfïcd Ilarbf~r" 
Weiss" reaction' 

02- + Men+1 Mc" + 02 
Men~lli Mc"+l + OH- + OH 
02- + H202 02 + OH- + OH-

where Men +-1 represents the oxidized form of a trace metal. 
b) oxidation of ubiquitous CI" ions to hypochlorou'l aCld by ~f202 gcncrated dUflng the 
respiratory burst: 
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response, foreign antigens are intemalized by macrophages and cleaved into peptide 

fragments which are retumed to the cell surface as peptides bound to c1ass II MHC 

molecules. Appropriate T lymphocytes expressing clonally derived receptors are then 

aetivated through recogmtion of the macrophage surface complex between the foreign 

peptide and the MHC molecule (178). 

CIa~s II MHC molecules are heterodimers of two highly polymorphie membrane 

glycoproteins of 33 to 35 kDa (the a-chain) and 27 to 29 kOa (the B-chain). Each consists 

of two extracellular domains, a eonnecting peptide, a transmembrane domain, and a 

cytopla~mic tUll. In the mouse there are two class 11 MHC, or la, molecules, A and E, 

which are encoded bya number of genes (Aa, AB, Ea, and EB respectively) residing in the 

MHC complex (179). 

Macrophage la antigen expression is not constitutive, but is subject to regulation by 

cytokines. Researeh has shown that la expression is induced primarily by interferon 

(IFN)-gamma (180), however tumor necrosis factor-a (181), IL-4 (182), and granulocyte

macrophage colony-stimulating factor (183) also exhibit this capability. Furthennore, it 

appears that MHC c1ass II expression in the macrophage is regulated mainly by 

transcription, either positively or negatively. Control of transcription has been directly 

linked to rapid transductional sequences initiated by IFN-garnma as weil as to the binding 

of proteins to specifie regions upstream of the promoter in macrophages (184). The 

enhanced expression of murine macrophage la antigens may he used as a marker for 

activation (179, 184). 

22 

Sorne of the studies described in this manuscript involve the quantification of spleen 

macrophages expressing la as a means of monitoring their activation state. To achieve this. 

a double antibody label system specifie for Mac.l and la surface antigens was used. Mac.l 

is a differentiation antigen known to he involved in leukocyte adhesion reactions. Il is a 

mcmber of a family of structurally and functionally related leukocyte surface glycoproteins 

which also includes lymphocyte function-associated 1 (LFA-l) and p150,95 antigens. 

Each of these antigens are characterized by al and BI noncovalently associated subunits 

and are highly con~erved in both mouse and man (185). Mac.I is present on myeloid 

lineage eclls but absent from Iymphoid ceUs. In mice, it is expressed principally on 

macrophages. regardless of their activation state, but can also be detected on granulocytes 

and natural killer cells at a significantly lower surface density (186). 

By labelling spleen cell isolates with la and Mac.l specific antibodies prior to 

analysis by tlow cytometry we were able to distinguish between macrophages expressing 

la antigen on their surface (Mac.l +Ia+), B cells (Mac.t-Ia+) and surface la negative 

macrophages (Mac. 1 +Ia-). As indicated previously, granulocytes and natural killer ceUs 
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express relatively small quantities of Mac.t therefore do not stain intensely enollgh for 

detection as Mac.t + in our system. 

CONCLUSION 

23 

To summarize, AA amyloidosis is common to a host of seemingly unrelatcd 

disorders. Clinically it can he a complication of long-standing inflammation. familial 

disorders, and various fonns of malignancy and can be indllced ex.perimcntally in animais 

through chronic intlammation. A common protein being deposited in such diffcrcnt clinlcal 

settings suggests there is a common pathogenic mechanism occlIrring in each case (8\). 

The AA prote in deposited in AA amyloidosis is thought to be derived from the N-tcnllinal 

end of the naturally occuring circulating serum apolipoprotein SAA (40). ApoSAA is an 

acute phase serum prote in of unknown function whose serum concentration i ncreases both 

rapidly and su.,~tantiany during any inflammatory process (22, 56). Activation of a vlIIicty 

of ceUs including polymorphonuc\eocytes and reticulocndothelial eells IS an integral part of 

any inflammatory reaction. Upon activation, these cells release a range of in tl a 111111 at ory 

cytokin~~s including IL-t, IL-6, and tumor necrosis factor, which are rcspon~iblc for 

upreg dating SAA gene transcription (56, 57,58) such that apoSAA forms a substantial 

part of HDL during inflammation (64). The relative rarity of amyloidosls as a compl icauol1 

of inflammatory disease indicates however, that factors other than the avallability of 

sufficient amounts of precursor prote in are essential if amyloid deposition is to occur. 

Little is known of the processing evenll\ which lead from the circulating apoprotclI1 

precursor to the AA fragment characteristic of the amyloid deposit. The in situ association 

between reticuloendothelial cells and arnyloid fibrils is weil known (164). Furthcrmore, 

both mononuc1ear leukocytes from healthy individuals and normal murine Kuppfcr cells 

have been found to completely degrade SAA in vitro most likely through the action of ccII 

surface enzymes. CeUs from amyloidotic patients and mice, on the othcr hand, have becn 

shown to produce an AA intennediate (166-168). The~e observations are among those 

supporting the popular hypothesis that tissue amyloid deposition is the resuh of 

innappropriate or incomplete SAA degradation by cells of the monocyte/macrophage 

lineage, resulting in the accumulation of AA. 

The theory that AEF may he the effector behind altered macrophage func1Î0n 

ultimately resulting in AA deposition is supported by data comparing the kinetic~ of AA 

intennediate accumulation and the appearance of AEF activity (168, 3) in which dctcctahle 

AEF activity necessarily precedes AA fibril formation. Furthennore, AEF dramatically 

shortens the time necessary for the experimental induction of amyloidosis and can he 
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AEF activity necessarily precedes AA fibril fonnation. Furthennore, AEF dramatically 

shortens the ume necessary for the experimental induction of amyloidosis and can be 

detccted in tissues 24-4R hours before the appearance of amyloid (3). The kinetics of 

amyloid dcposItion using ~tandard induction protocols, or following passive transfer of 

AEF, arc idenllcal with the exception of the lag phase nccessary for the appearance of AEF 

(157). 

24 

It is c\car that both augmented levels of precursor protein synthesis and generation 

of AEP actvity, In the presence of macrophages, are necessary for fibrillogenic degradation 

of SAA into AA fibrils. It has yet to bc determined why the AA peptides foid into the 

cross-13-pleated sheet confonnation (14) which is not normally present in non-pathogenic 

fibril polymers. The common presence of SAP, glycosaminoglycans, and apolipoprotein E 

in the variety amyloid deposits tested to date may well influence fibril formation. Figure 

1.3 gives a gencral outline of the elements thought to he involved in the the pathogenesis 

amyloidosis. 

Both reticuloendothelial cells and AEF are obviously integral to the development of 

amyloidosis. yet their exact roles and interactions have yet to be characterized. The lack of 

specific biochemical characterization of AEF has limited any research done in This area. 

The studies presenled in this the sis have therefore been designed with two major objectives 

in mind: the purification of AEF to homogeneity and the characterization of the relationship 

between AEF, macrophages, and amyloid depositioh using a solublilized AEF preparation 

produced in our labo Studies of this nature are essential to our understanding of the 

pathogenesis of amyloidosis . 
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CHAPTER 2 

SPI.ENIC MACROPHAGE ACTIVATION AND FUNCTIONS IN AMYLOID 

ENHANCING FACTOR-INDUCED AA AMYLOIDOSIS 

Study of Phagocytosis, Killing, Respiratory Burst, and MUC Class II 

Surface Expression 
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ABSTRACT 

Secondary, or AA, amyloidosis is a systemle disea~e charactenlt'd hy the 

extracellular tissue deposition of insoluble fibrillar amylOld A protelll. Aberrant I11ctahoh'l1l 

of serum amyloid A protein by reticuloendothelial œlb 1" thought 10 re~lIlt in the 

accumulation of fibnls within the tissue. Treatment of l1uee \VIth amylold enhanring facto! 

(AEF) in conjunction with an mtlammatory ~lImulus (I.e AgNo.) I11dlll'l'd i1mylold 

deposition withm 48-72 hours. TIle activatIOn ~tate of a macropha)!c l:i1gl'ly dl'lïnc, Ih 

enzymatic capabilities. The fol1owmg studie!. examine the effeel nI' AIT pn 'pleell 

macrophage activation using both functlonal and phenotyplc a~~ay' Wc lound that wll1h.' 

AEF, in the presence or ab~ence of AgN03 ha~ no apparent enect 011 the ahllJty of ~pken 

and liver macrophages to phagocytose or kill L. mOl/ocytogel/l'.\, It appt'a" tn hlork 

enhancoo respiratory burst function (as mea~ured by Or production) oh,erved wlth 

AgN03 alone. AEF therefore seems capable of 1I1hlbltlng <--eI1.11Il macrophage activallOIl

associated functions while not affecting olher~. Our actlvallon phenotype '\\\(.he~, ll~lI1g 

surface la expression, reveal that AEF blocks the increa,c ln numher 01 ,pklllC 

macrophages expressing la seen with AgN03 a10ne Treallllcnt wlth IFN-ganulla wa!. 

found to restore decreased la expression in al11mab gi' ~n AEF+ AgN03 hut did nol 

prevent amyloid A fibril deposition . 
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INTRODUCTION 

AmylOldosis I~ a generic tenn for a diverse group of diseases characterized by the 

extracellular tissue deposition of insoluble protein fibrils, often resulting in failure of the 

involved organs. AA amyloidosis is typified by the deposition of amyloid A protein (AA) 

dcrived from the carboxy-terminal cie av age of ilS acute phase serum precursor: serum 

amyloid A (SAA) (1, 2). AA amyloidosis appears in conjunction with certain 

malignancies, chronic mflammatory disorders, or prolonged infection (3). Experimental 

AA amyloidosis is induced in laboratory animais by sustained inflammation or chronic 

bacterial or parasitic infections (4). 

Amyloid enhancing factor (AEF) is believed to play an in!egral role in the 

pathogenesis of amyloidosis. Though its complete biochemicaI chaI~cterization remains 

eluslve, AEF IS routinely extracted from the tissue of amyloidotic animaIs where its activity 

is evident approximately 24-48 hours hefore the histological detection of amyloid fibrils 
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(5). The hallmark characteristic of AEF is its ability to accelerate AA fibril deposition. 

While most experirnental induction protocols require several weeks for the development of 

detectable amyloid deposlts. administration of AEF in conjunction with an infIammatory 

stimulus results in fibril deposition within 24 to 72 hours (6). The ability of an exogenous 

source of AEF to shorten the induction period required for arnyloid deposition suggests that 

it acl'i by precluding the lag time required for the endogenous production of AEF (7). 

Furthermore, genetic analysis of amyloid resistant and susceptible strains of mice 

suggests that susceptibility to the development of experimental AA amyloidosis is 

controlled by a single dommant gene (8). This observation, in conjunction with the finding 

that resistance in AIl mice can he overcome by i.v. injection of an exogenous source of 

AEF (9), further supports the role of AEF as a major determinant in the development of AA 

amyloidosis. 

Reticuloendothelial cells have long been recognized in close association with 

amyloid depo~its in situ (10). Normal peripheral blood monocytes are known to he capable 

of mediating SAA degradation in vitro through the action of cell surface enzymes (11. 12). 

Studles aimed at elucidating the exact relationship hetween macrophages or monocytes and 

the deposition of amyloid fibrils have led to the discovery that rnononuc1ear leukocytes 

from healthy indivlduals are capable of mediating complete ShA degradation whereas the 

eclls of al11yloidotic patients produce an intennediate protein fragment, both the same size 

as AA and immunologically cross-reactive with AA (11). In addition, normal rnurine 

Kupffer cells have been found to de grade SAA completely, whereas Kupffer ceUs from 
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amyloid-induced animaIs produce the AA intern1ediate (13). This observation has Icd to the 

hypothesis that tissue amyloid depositlon may he due to inappropriate or incomplete SAA 

degradation by cells of the monocyte/macrophage hneage. reslllting III Ù1C 'KClll11ulation of 

AA. 

In light of the obvlOus importance of both AEF ,Uld rctIculoendothelial l'ells 111 the 

fonnation of amyloid deposits. the aim of the present study was 10 e1ul'1daIC the 

relationship between AEF and macrophages at the primary !'o.itc of amyloid depositlon in AA 

amyloidosis. Our working hypothesis was that an alterauon 111 ùle nonnal prol'e~~cs of 

macrophage activation resulting from the production of endogenou~ AEF cOllld call~e 

aberrant SAA degradation by macrophages. Circul11stantial evidence ~lIppOrtlllg our 

hypothesis is provided by the results of previous ~tlldles WhlCh ~howed that the appcarancc 

of AEF was correlated with the triggering of fibnl accumulation ;1/ \'ivo (5). FurthcmlOTc. 

preliminary work donc in our lab detected a decrea'ic in ~plenic macrophag.e surface Mlle 

Class II (la) expression which coincided wiili the appearance of endogcnom AEI' dunn!' 

induction of experimental AA amyloidosis by a chronic inflammation proto('ol (lInpuhhshcd 

results). AEF c:ould interfere with macrophage degradative processcs by blockmg 

activation resulting in the inability of the macrophage to completely degradc the SAA. The 

work presented here therefore examines macrophage activation on a fllnctionallcvcl a~ weil 

as on a phenotypic level following the inductIon of AA amyloidosis llsmg /\EF In 

combination with silver nitrate (AgN03) as an inflammalory stimulus. 

Certain macrophage-specifie aetivities sud as phagocytosis. bactericidal fUllctioll, 

and respiratory burst funetions are enhanced during activation (14-16) and are thercforc 

good functional indicators of macrophage activation status. Our expcriments compare the III 

vivo ability of liver and spleen cells to phagocyto~e and ki II Li.\ter;a n/ollocytoNI'f/(),'i as weil 

as the ill \'itro oxidative burst response (as indicated by OT production) of splcnic 

macrophages between amyloidotic animais treated wilh AgNO) 111 conjunction with /\EF 

and animaIs treated with A~N03 alone. In addition, we examined the differential 

expression of la antigen by macrophages isolatcd from the splcen~ of Imee trcated wlth 

AEF and AgN03 using flow cytometry and immunofluore~cence analy~i~. The enhanccd 

expression of MHC Clalis II molecules may be used a~ a marker of macrophage activatIon 

(17,18). Our aim was to determine whether or not trcatment wlth AEF and silver nitrate 

causes a change in macrophage surface la expres~ion over treatment with the mflammatory 

stimulus alone and, if so, could any such change reflect an aItcration in the dcgradation 

pattern of the SAA precursor Jeading to AA amyloid fibnl deposition . 
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MATERIAI,S AND METHODS 

Animais 

Specifie pathogen free (SPF) C57BV6NHsd male mice. 8-12 weeks old. were 

obtained either from Harlan Sprague Dawley (NHsd; Indianapolis, IN) or bred in our own 

SPF facilities. Food and water were provided ad libitum. Animais were sacrificed by C02 

narcosis followed by cervical dislocation. 

Preparation of Amyloid Enhancing Factor and Induction of Amyloidosis 

AEF was prepared from the spleens of C57BL/6 mice, subcutaneously injected for 

21 days with 13% easein (United States Biochemical. Cleveland. Ohio). AEF was 

extracted from hornogenized spleens in ice-cold 30% glycerol-IO mM Tris-HCI, pH 7.5 

buffer as previously described (6). 0.5 mg of the Iyophilized AEF product (an amount 

prcviously detennined to induce significant amyloid deposition within 24-48 hours [9]) 

was resuspended in 0.2 ml sterile phosphate buffered saline (PBS) and adrninistered via 

Lv. injection concomitant with 0.5 ml s.e. of 2% AgN03 solution. 
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Spleens from untreated, healthy rnice were subjected to the sarne extraction protocol 

as above. The resultmg product was used as a control, AEF-free extract. Control groups 

consisted of animaIs treated with AEF-free extractlAgN03 or with 0.5 ml 2% AgNO) 

solution or with 0.5 mg AEF alone. They were housed in the same facilities and were 

sacrificed after the sarne time periods as er.perimental mice. 

Detection of A A Amyloid Deposits 

At least a portion of each spleen was fixed in buffered 10% forrnaIin, embedded in 

parrafin. sliced in 5 um sections, then stained with alkaline Congo Red (19). The presence 

of amyloid deposits was determined microscopically by the detection of green birefringence 

charaeteristic of AA fibrils under polarized light. 

ln Vivo Phagocytosis and Bactericidal Activity 
Three days after the injection of AEF alone, AgNO) alone, or both AEF and 

AgN03. experimental animaIs were inoculated with 8 x 106 CFU L. mOllocytogelles. The 

Iivers and spleens of infected animais were tested for their ability to phagocytose and kill L. 

11/0"oC)'to,~l'l/eS by deterrnining the number of viable bacteria in individualorgans 30 min. 

or 6 hours respectively post-infection (14). Spleens and iivers were removed aseptically 

and hoanogenized in sterile saline for about 1 minute with a Tri-R Stir-R homogenizer (Tri

R instruments. Rockville Centre, NY.). SeriaI lO-fold dilutions of the se homogenates were 
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plated on tryptose agar (1 %; Bacto-agar; Difco Laboratories; Detroit. MN.) and colony 

counts were routinely executed following 18-24 hour incubations at 37 C. Five anI/naIs 

per group were tested. 

Spleen Macrophage 02"Production 
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Responses were examined in splenic macrophages from naive 111icc as weil as micc 

treated with AEF alone. AgNOJ aJone, or AEF/AgN03 3 d:lys prior. InternaI experimcnt~ll 

positive controls consisted of proteose peptone (PP)-elicited peritoneal macrophagcs. 

Spleen cells were tlushed from isolated spleens wilh ice-cold R PMI IMO 

supplemented wilh 0.3 mg/ml glutamine and 50.0 ng/ml gentamicin. Red blood cells wcrc 

Iysed by hypotonie shock on ice. CcII differcntiation was detennined on l'ytospin slidc~ 

(Shandon, Sewickley. PA.) stained with Giemsa (DiffQuik. Canlah, Montreal. Quc.). 

Each cell suspension was adjusted to 1.5 x 106 macrophages Iml in RPMI 1640 +\0% fetal 

calf serum. Macrophages were plated in 6- or 24-flat bouom wcll plates (Linhro, Flow 

Laboratories. Maclean. VA.) and purified by adherence ovemight Olt 37 C,5% CÜ2. Each 

cell suspension was assayed in triplicate. In ail Instances. œIl viability as estahl ishcd hy 

trypan blue exclusion test was > 90·95%. The ce)) monolayers wcre > 9()1}h l1la(.'rophage~ 

as determined morphologically by Giemsa stain and phagocytosis of L mOf/ocytogef/l'.\. 

02- production was measured following treaunent with PMA (0.5 ug! 1 0 6 cclb) for 

75 minutes by the method of Cohen et al. (20) The protein content of each weil wall then 

detennined following celllysis with 0.5 N NaOH using the BIO-Rad protcin assay kit (2)). 

Results are reported as nmoles 02-/mg protein!75 minutes ± SEM. Stati~tical analysls was 

done bya two-tailed Mann-Whitney U test with a present probabihty levc\ of a :::0.05. 

Mean values represent data obtained from three experiments. 

la Surface Expression 
After aseptic removal, each spleen was flushed with ice-cold RPMI 1640 

supplemented with glutamine and gentamicin. Fol1owing Iymphoid cell purification on 

Lympholyte-M (Cedarlane Laboratories, Hornby • Ontario). the cells wcre washed by 

centrifugation (4!lC) and resuspended in 10 ml ice-cold RPMI1640. Enumeration of 

cells and detennination of viability (by stain exclusion) wa~ accompli~hcd u~ing a 

hemocytometer and Turks or trypan blue stain respeclively. Shdes for ccII di fferenlial 

counts were prepared as previously described. Following resuspcn~ion at a final 

concentration of 1-2 x 106 cells/ml with 0.5% bovine serum albumin (BSA) in PBS, 1 x 

106 cells were aliquoted to 5 ml polystyrene round-bottom tubes (Becton Dickimon 

labware, Montreal, Que.) for immunofluorescel1t Jabelling. Following incubation with goat 
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I!:,.(} (Sigma, St. Louis, MO.) to reduce non-specifie binding by bloeking Fe reeeptors, 

cells were labelled successively with monoclonal anti-murine Mac.1 antibody (clone 

Ml no, Boehringer-Mannheim Biochemical, Laval, Que.), phycoerythrin-conjugated goat 

F(ab')2 anti-rat IgG (Caltag Laboratories. San Francisco), and tluorescein isothiocyanate-

conjugate<! murine anti-Iak IgG (Cedarlane Laboratories). Each incubation with labelling 

antibody (at 1/20 dilution as detennined optimal by seriaI titration) was carried out for 15 

min. on ice. The appropriate eontrollabellings were prepared to correct for 

autotluore~cence, non-specifie bi nding, and inhibition of binding due to sterie hindrance 
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for eaeh experiment group. Labelled ceUs were fixed in ice-cold parafonnaldehyde and 

kept at 4 g C until analyzed on a FACSean flow cytometer with the Lysis II program 

(Becton Dickinson) the following day. Wh en indicated, IFN-gamma treatment consisted of 

5(X){) units of raI recombinant IFN-gamma (Amgen. Thousand Oaks, CA.) administered 

i.p. on days 0 and 2 of the experirnental design. 

RESULTS 

ln Vivo Phagocytosis and 8actericidal Activity During AEF -Induced AA 

Amyloidosis 

ln order to detennine whether or not the ability of splenic and hepatic macrophages 

to phagocytose and kill L. mOllocytogenes is modified during AA fibril deposition, groups 

of mice were injected with AEF and AgN03 3 days prior to i.v. inoculation with L. 

nlOllocytogelles. Control groups consisted of nilive mice and mice injected with AEF or 

AgN03 atone. 

Phagocytosis by spleen and Iiver cells was measured 30 minutes following the i.v. 

Ihjection of 2 x 108 bacteria L. mOl/ocytogelles. The development of amyloid deposits 

due LO AEF/ AgN03 treabnent was not found to he associated with modified bacterial 

uptake as compared to naïve animaIs or animais treated with AEF or AgN03 atone (Fig. 

2.1). Approximatly 95% of the bacterial inoculum was taken up by the spleen and liver in 

the first 30 minutes following injection. 

'I11e bactericidal capacity of macrophages (measured 6 hours after the injection of L. 
nlO1lOc)'togelles) was not significantly modulated in the liver of AEF/AgN03 treated 

animais despite amyloid deposition after 3 days when compared to naive animaIs or animaIs 

treated with AEF or AgN03 alone (Fig. 2.1). Ali groups were shown to he capable of 

clearing approximatly 85-90% of the bacterialload within the first 6 hours following 

infection. No significant bactericidal activity was obselVed during the same rime period in 

the spleen of both control and experimentaJ animais. 
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Fig. 2.1: ln vivo phagocytosis and bactericidal activity measured in the 
Iiver of mice treated with AEFI AgN03 as ('ompared with mice trcated with 
AgNO) or AEF atone. Mice were treated with AEF and/or AgN03 thrcc days prior 
being infected with 2 x 104 bacteria L. monocytogelles. The;1I vivo phagocytlc ahllity of 
the liver cells was detennined 30 min. following infection while the Ifl vivo bactencidal 
activity was measured 6 bours later, as described in materials and mcthods. Nonnal micc 
displayed similar phagocytic and bactericidaJ activities ob<;~rved in micc trcatcd with AEF 
and/or AgNOJ, 
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Or Production in AEF -Induced AA Amyloidosis 

In order to detenmne whether the respiratory burst functions of splenic 

macrophages is altered during AA fibril deposition due to AEF, 02- production by cells 

isolated from mice 3 days followîng treatment with AEF/ AgN03 or either agent alone was 

measured (Table 2.1). Splemc macrophages from mice injected with AgN03 alone (a 

non-amyloidogenic treatment) released a sigmficantly higher concentration of 02-

metaboltte (following stimulation in vitro with PMA ) than those obtained from the 

untreated control group. Remarkably. when animaIs were treated with both AEF and 

AgN03. the ability of their spleen macrophages to release 02- was significantly decreased 

as compared to cells isolated from the AgN03 treatrnent group. These results suggest that 

in an amyloid-inducing treatment, AEF partially blocks AgN03-induced 02- production by 

spleen macrophages. 

This pattern of partial inhibition also occurred at the level of H2Û2 production. 

Again, the amyloidogenic treatment was accompanied by a decrease in the AgN03 -induced 

release of the relevant metabolite. Data obtained for H202 release however, did not reach 

sign i ficance. 

la Surface Expression During AEF -Induced AA Amyloidosis 
The injection of a combination of AEF and AgN03 (as an inflammatory stimulus) is 

known to induce amyloid fibril deposition in mice within 24-48 hours (5). AgN03 alone 

was inJCcted into mice in a parallel group n order to provide a basis of comparison of the 

level of activation of splenic macrophages kuvested from animaIs subjected to an 

inflammatory stimulus in the absence of AEF. IJsi;Jg a double immunofluorescence 

protocol, we determined the lev el of surface la antigen expression on Mac. 1 + spleen ceUs 

by flow cytometry, as a means of monitoring the activation state of the macrophages, three 

days following treatment of mice in vivo. ResuIts presented in Figure 2.2 reveal that 

maximal surface expression of la antigens by splenic macrophages occurred in response to 

the injection of AgN03 alone which does not produce arnyloid deposits in the tissues. 

When this treatrnent was combined with '" injection of arnyloid-inducing AEF, however. 

there was a complete abrogation of the augmented macrophage la expression. Control 

preparations of AEF-free spleen extracts did not interfere with the inflammation-induced la 

expression suggesting that the observed down-regulation in surface la is a specifie effect of 

AEF. AEF treatment without concomitant AgN03 treatment, caused a slight but 

insignificant increase in la expression relative to untreated animaIs (Fig. 2.2) . 
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Table 2.1~ 

02 Production by MaclOphagt: ... In AEF lnduccd AA ÂIlIVIUldo ... ,\ 

Treatrnent Group 02- ProducllOn! 
(nmolc~/Illg prolt:lIll7'i 1 ± SI':M 

Control 92 ± 9.20 
AEF alonc III ± 1760 
Sllver Nitrate alone 507 ± 5264 
AEF and Silvcr Nitrate 21H ± 12 2Y ~ t 

*02-Productlon was measurcd accordtng to Ihe mcthoJ Je.,cllhcd hy ('ohcll el al.( 20) 
Results obtained represent rncans ± SEM 01 -' expclÏmt:nl ... (cadI donc III IlIplll .. lll') 
**'significantly less (a<.05) than Vi. ~uc oblaincd wllh siJvcl 11111all' aJonc 
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Fig. 2.2. Modulation of spleen macrophage la eXiifession from normal 
stcady state in mice rendered amyloidotic by treatment with AEF/AgN03 as 
comparf~d with mice treated with AgN03 or AEF alone, or a control, AEF· 
free sph!en extractl AgN03. Spleen cells were isolated from mice three days 
following the indicated treatments. CeUs were labelled with la and Mac.t-specifie 
antibodil!s, as described in Materials and Methods, prior to analysis by flow cytometry. 
This double antibody label system distinguishes macrophages expressing la antigen on 
their surface (Mac. 1 +la+) from B c:ells (Mac.l-Ia+)and surface la negative macrophages 
(Mac.t+la-). Granulocytes and natural killer cells, which express only small quantities of 
Mac.t antigen, are weakly Mac.t~ relative to macrophage~ (22) and therefore do not stain 
intensely enough to be included in Mac.t + determinations. Scatter gates were set to 
exclude: dead ceUs and debris. Results are expressed as a percentage of Mac.t + cells which 
are 1a+, As indicated on the x-axis, analysis of spleen ceUs obtained from untreated, 
control mice revcaled thal 16.5% of Mac. 1 + spleen ceUs are Ia+ under nonnal steady state 
(NSS) conditions 1-3 groups (of al least 3 ,nice each) were tested for each trealment. 
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Having established that AEF may indced downregulate the nonnal macrophage 

response to activating agents, at least at the la level, wc exanuncd Jle possihllity that the 

observed downregulation may be related to a change ln the degradation pattern of SAA 

leading to AA arnyloid fibril deposition. By combinmg an tnjection of IFN-gamma (in a 

dose previously detennined to be sufficient to induce mcreased la cxpre~slon hy Splellll' 

macrophages in C57BV6 mice lunpublished results)) with our AEF/AgNOJ trcatment 

protocol, we were able to restore la expression to levels seen wllh AgNOJ alone (Fig. 

2.3). Histological examination of portions of spleen retained from Illiee tteatcd with all 

three agents however, reveal that despite the IFN- gamma-induccd restoratlon of 

macrophage la expression in mice administered AEF and AgNOJ. ~plcnic amyloid tïbtil 

deposition still occurred (Fig. 2.4, Table 2.2). This findillg sugge~ts that AEF-induccd 

downregulation in splenic mac.rophage activation observed at the levcl of la expression IS 

not related to aberrant SAA deg;radation leading to AA amyloid tihril dcposition. 

DISCUSSION 
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Based on studies reported in the literature (11, 13), wc postulatc that the 

degradation of arnyloid precursors by macrophages is a critical evcnt which prevents Ihe 

deposition of amyloid fibrils in nonnal tissues. The process of macrophage activation 

involves a regulated series of changes in physiology which cuhninate in the ability to 

execute complex enzymatic functions (18, 22). The ability of a macrophage to pcrform 

certain specifie functions, possibly incIlIding the degradation of SAA. may thcreforc he 

dependent on its activation state. In light of the fact that the appearancc of endogelloll'l 

AEF is directly correlated with the deposition of amyloid fibnls (5) and our prclllninary 

observation that splenic macrophage surface la expre~sion is decrea~cd during the induction 

of amyloid fibril deposition (unpublished re!luIts), we suspected that AEF may indccd 

affect the abHity of the macrophage to be appropriately activated for the dcgradation of the 

amyloid precursor,leading to the deposition of amyloid fibrils. 

Since the mechanism by which SAA and macrophages interact remain~ unknown, 

we focussed our studies on functions known to be enhanced in the activatcd macrophage. 

Macrophage phagocytic and microbicidal activity was monitored by the ;11 vivo uptakc and 

killing of the facultative intracelllllar pathogen L. mOllOcylo/{elle.\' which has becn ~hown to 

be processed by macrophages (14). Our results indicate that AEF, whether admini\tered 

alone or in conjunction with AgN03, does not affect either capacity. 

Primed and activated macrophages exhibit an increast:d relea~e of reactive oxygcn 

metabolitcs (23). Treatment of animaIs with an inflammatory agent, slIch as AgN03 • 
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Fig.2.3 Restoration of spleen macrophage la expression in mice treated 
with AEF/AgN03 by in vivo IFN-gamma treatment. Spleen eeUs isolated from 
miee 3 days following in vivo treatments indicated in the figure (described in Materials and 
Mcthods) were prepared and analysed as described in Fig. 2,1. J -3 groups (of at Ieast three 
mice each) were tested for each treatmenl 
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A B 

c D 

Fig. 2.4. Detection of amyloid deposition by Congo Red slain. Amyloid fibril 
deposits within spleen sections obtained from an AEF/AgN03 treated animal exhibit 
characteristic green birefringence under polarized light ( panel A) once stained with Congo 
Red . Spleen sections from normal animaIs do not exhibit birefringence under polarized 
light (panel C). Panels B and D show Congo Red stained spleen ~ections from 
amyloidotic and untreated mice respectively, as observed under a normal microscope. 
Spleen sections were prepared as described in Materials and Methods . 
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AEF ajonc 0/3 

Silver nItrate 0/3 

AEF/~ilvcr nitrate 9/9 

Control AEF-free extract 0/3 

AEF/IFN-gamma 0/3 

Silver nitratenFN-gamma 0/6 

AEF/silver mtrate/lFN- 6/6 

*Treatment groups as described 10 Materials and Methods. 
**sections were stained with Congo Red as described in Materials and 
Mcthods. AmyJoid fibril deposition was detected by characteristic green 
birefringence under polarized light. 
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results in an enhanced macrophage o\ldative metaholisl11 t 15) Our c\pcllmrnt:-. I1lra~uril1g 

reactive oxygen rnetabolite production by spkmc macrophagc" n:vcal that AFF dampcll'\ 

02- production by AgN03-lOduced macrophages and mav ~il1111ar1y affect 11202 

production. At this point, one l'an on1y speculate a-; to the mechallhl1l by Whll'\l AEF 

modulates 02- productIOn. It IS concelvahle, however, that AFF-inlllblllOll on:ur-; al the 

level of membrane components of the phagocyte supcroxide genr11ltlllg "y~tl'1l1, fOI 

example by interfermg with NADPH oxircducta~e cylochromc C actlvlty. Whcn AEt: wa~ 

administered in the absence of AgN03 no "iglllficam ImxhflcatlOll III Illl..'taholite rek.i"t' wa~ 

observed as compared to steady state, sugge~ttng that the down-Il'gulatory action of AFF .., 

dependent upon a concomitant lIlflammatory ~tll11Uh. lt i~ prohahle that AEF CItlwr al't~ \Il 

concert with other factors mduccd or releascd dUlIllg an IIltlammatory re"poll~c or, l'Xl'II ... 

an inhibitory effect only on macrophages rendcled re~p()l1'.lve thlOugh IIltlamlllatOly 

stimuli. This would explain why AEF tngger~ AA flbril depo-;Itinn only when 

administered in conJunction wlth an intlal11ll1atory -;timulu.,. 

Having thu~ detenl1in~d that AEF may :-,dcctIvcly affect :-'OIllC ma(Iophage 

activation-assoeiated functions but not others wc cho ... c to examine the d'feet of AEF on 

macrophage activatIOn at the phenotyptc levd Increa-;ed Mlle c1a ... ~ Il (la) surface 

expression is considered a marker of macrophage activation ( 1 X,24,lS) and i:-, thcrefore 

useful for monitoring macrophage activation ~tatu~. Wc tïr~t cOl11parcd :-'lIIfacc la 

expression by splellIc macrophages harvested from Inlee ~uhJcctcd 10 amyloid dcpo.,tl

indueing and non-indue mg treatment protocoh Our data 1I1llIcatc that AgNO) lreatlllent 

alone, meffectlve in causmg amyloldo~ls, re~ults 111 ~pIcO\c maclOphagc activatIOn as 

reflected by enhaneed la expre~sion over normal :-,tcady ~tatc. Tlm IllCrea~cd Cxplcs.,ion IS 

dampened or blocked in the presence of AEF The ab:-,cnœ of any :-.uch "hlock" 1/1 la 

expression in mi ce treated with AEF-free spleen cxtract (obtained l'rom control, untrl'ated 

mice) in eonJunetion with AgN03 sugge'.ts that decrea~ed la exprc~~ion I~ attnhutahlc 10 

AEF and not sorne contaminant within our AEF prcparatlOIl. Furthennorc, Il I~ IIltcle\tin)! 

to note that AEF treatment alone revealed a sllght incrca.,c tn la exprc~~ion levch over 

normal steady state. As indicated by our re.,piratory bur~t .,tlldie~, AFF .,celll~ to excrt an 

inhibitory effeet only in the event of a concomitant mflammatory .,tll1lulus Agam, thi\ 

observation may be related to the faet that AEF IS amyloldogcnlc only when admllll\tered III 

conjunction with an inflammatory ~timulu~. 

Having thus linked decrea~ed splcnic macrophage la cxprc~"'lOn to AEF, wc lookcd 

at whether the observed suppres~ion of macrophage la expre~~ion ill the pre~encc of AEF 

played an integral role in altered SAA dt::gradation leadmg to AA fibnl dcpo~ltl()n. By 

counteracting AEF-induced down-regulation of ~plcnic macrophage la cxprc~'.lon wlth 
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IFN-gamma, we were able to lIhow that the effect of AEF on macrophage activation status 

during the induction of amyloidosis at the level of la expression is nOl necessary for the 

production and depo~ition of AA fibrils in the spleen. It is possible that IFN-gamma 

increa~e~ la expre~~ion via a dlfferent pathway th an that whlch may he blocked by AEF. 

Studies on the regulation of macrophage surface la expre~sion suggest at least four 

activation-associated tran~ductional signal cascades (i.e. cAMP ca~cade, Ca++ and protein 

kinase C ca~cades) may he important for its regulation (18,26). ft is therefore conceivable 

that la expression could he restored by IFN-gamma despite continued inhibition of an 

alternative ca~cade by AEF. Should this alternative transduction cascade also mediate SAA 

degradation (i.e. by transcriptional regulation of SAA metabolic enzyme genes), the end 

result could be that AEF blockage of one macrophage activation pathway (causing aberrant 

SAA degradation) could persist despite replenished la expression due to IFN-gamma. 

56 

These studies have established that, in the presence of an inflammatory stimulus, 

AEF selectively modifiell certain aspects of the activated splenic macrophage. Il is probable 

that AEF induces amyloid fibril deposition by altering the macrophage function responsible 

for normal or aberrant degradation of SAA. Studies such as those described here will 

prove most revealing once the exact nature of this function has been characterized. 
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CHAPTER 3 

PURIFICATION OF AMYLOID ENHANCING FACTOR 

• 
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INTRODUCTION 

Though first detected in amyloid tissue extracts in 1966 (1), the biochemical nature 

of AEF remains a mystery. At present AEF is defined most clearly in functional terms as a 

non-inflammatory. non-amyloidogenic substance that. when co-administered with a single 

inflammatory stimulus, shortens the pre-amyloid phase of amyloidosis to result in splenic 

amyloid deposition within 24 to 48 hours. Under conditions of sustained inflammation in 

animais, deposition takes approximately 15 days (2). The consistent detection of AEF in 

several forms of amyloidosis including AA, AL, B-amyloid, and transthyretin amyloid 

(3,4) suggests that AEF activity may he a common link between the diverse forms of 

amyloid (2). 
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The purification of AEF is essential to the progression of research into the 

pathogenic mechanisms leading to the formation of amyloid deposits. A significant portion 

of my work has concentrated on identifying the particular protein responsible for AEF 

activity. Positive identification of the exact protein obviously preceeds complete 

biochemical characterization of AEF including amino acid sequencing or preparation of 

AEF-specific antibodies. Besides opening the door to endless research possibilities such as 

the development of tissue culture systems as ex-vivo models of AA amyloid generation or 

methods for monitoring pathological conditions associated with the increased risk for 

amyloidosis. discoveries of this nature are essential to the study of AEF production 

kinetics, potency, and sites of action. 

To provide suffielent raw material, AA amyloidosis was induced in large batchf!S of 

C57BV6 mice. Mass amount'i of a relatively eTUde preparation of AEF was then extra(:ted 

from the amyloi~otic spleen of these mice and separated on multiple acrylamide-SDS 

preparative gels. Prote in eleetroeluted from specifie regions of these gels was then assayed 

for AEF activity allowing us to define the specific area of the gels containing AEF activity. 

Two dimensional (2-D) electrophoretic analysis of protein contained within this "AEF

active" area has identified 3 proteins of interest not expressed in "AEF-free" controis. 

MATERIALS AND METHODS 

Animais 

C57BV6J male mice were obtained from Jackson Laboratories (Bar Harbor, ME) or 

bred in our own facilities. Food and water were provided ad libitum. AnimaIs were 

sacrificed by C02 narcosis followed by cervical dislocation . 
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Induction of AA Amyloidosis 

AA amyloidosis was induced in C57Bl/6 mice by subcutaneous injection WiÙl 0.5 

ml 13% casein (United States Biochemical. Cleveland. Oh.) prepared in sterile 0.3 M 
NaHC03, pH 7.0 (Gibco Laboratories, Grand Island, NY) for 21 consecutive days. Tht' 

NaHC03 and the casein solutions contained less than 0.02 ng hpopolysaccharidc/ml as 

measured by the E-toxate (Umulus ameobocyte Iysate) detecuon and scmi-quanlltaUon tc~t 

(Sigma, St. Louis. MO). Spleens were harvested on the 22nd day and frozcn al -70 C III 

30% glycerol-IO mM Tris (Fisher Scientific, Fairlawn, NJ) buffer al pli 7.5. 

Detection of Amyloid Deposits 

Whole or partial spleen were fixed in buffered 10% fonnalin then immcrsed in 

parrafin. Five um histiological sections prepared from the wax-embedded organs wcrc 

then stained with alkaline Congo Red (6). The presence of amyloid deposits was thcn 

determined microscopically by the detection of green birefringence characteristic of AA 

fibrils under polarized light. 

Preparation of AEF Extracl 
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AEF was extracted from the spleen of amyloidotic C57BI/6J mice as previousl} 

described (5). Spleens were homogenized in ice-cold 30% glycerol-IO mM Tris buffcr at 

pH 7.5 with a Tri-R Stir-R homogenizer (Tn-R Instruments, Rockville Centre, NY). 

Following sonication for 1 min. with a Sonic Dismembrator (Artek Systems Corporation, 

Farmingdale, NY), the preparation was mixed at 4 C for 1 hour then centrifugcd al 250000 

x g, 4 C, for 3 hours. The supernatant was then dialysed againM five changes of an HO

fold volume of 0.0 1 M phosphate buffered saline (PBS) pH 7 in SpectraPor 3 (m. wt. 

cutoff 3 500 Da) dialysis bags (Spectrum Medical Industries Inc., Los Angeles, CA). The 

precipitate was recovered by centrifugation at 17 300 x g, 4 C, for 30 min. Following 

resuspension of the pellets in small volumt>s of PBS, sterile solubilisatIOn buffcr composed 

of 6% urea/l % B mercaptoethanol/l mM..EDTA was added to the preparatIOn in a 1 10 1 

volume ratio. Mixing was achieved ovemight al room temperalure on a Roto-Torque 

rotator (Cole Parmer Instrument Company, Chicago, Il) at 60 Hz. Following 

centrifugation at 10000 x g and 10 C for 10 min. to remove unsolubilised particulates, the 

supematant was dialyzed against five changes of 0.01 M PBS pH 7 in SpectraPor 3 

(Spectrum Medical Industries) dialysis bags. Immediately following dialy~ls the 

preparation was frozen at -70 C then lyophilized with a Virtis Iyophilizer (Gardiner, NY). 

This dry AEF preparation was then stored at -70 C until future u~e. 

The AEF activity of all AEF preparations was ensured by thelr abllity to induce 

amyloid deposition at an accelerated rate. Mlce were injected intravenously with HX)-300 
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ug dried AEF extract resuspended in PBS, in conjunction with a subcutaneous injection of 

0.5 ml 2% AgN03 (Fisher Scientific) solution in deionized water. Spleen sections were 

then te~ted for amyloid deposition within 48-72 hours. 

Spleen extract containing no AEF was prepared according to the extraction protocol 

described ahovc but using spleen from uninduced, healthy mice. The resulting "AEF-free" 

product was u~ed as a control. 

l'reparativc Gel Electrophoresis 
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Separation of 3-5 mg of the lyophilized AEF extract described above was achieved 

by 12.5% sodium dodecylsulfate-polyacrylamide gel electrophoresis (SOS-PAGE) 

according to the method of Laemmli (7). Using Bio-Rad Protean II preparative gel 

apparatu~ (Bio-Rad, Richmond, CA), 1.5 mm thick SOS-polyacrylamide gels were 

prepared and polymerized at room temperature then stored overnight. Complete gels 

consisted of a 4.5% stacking gel and a 12.5% resolving gel. Both stacking and resolving 

gel solutions were thoroughly vacuum degassed prior to initiation of polymerization with 

0.05% ammonium persulfate and 0.05% TEMED. Gels were pre-electrophoresed at a 

constant voltage of 250 V and approximate CUITent of 175 mA. The running buffer 

consisted of 0.025 M Tris-HCl, 0.192 M glycine and 0.1 % SDS, pH 8.3. Following 

addition of 1 ml each of double distilled H20 (ddH20) and sample buffer, AEF 

preparations were boiled for 4 min. then applied to the sample weIl. The sample buffer 

was composed of 0.063 M Tris-Hel pH 6.8, 2% SOS, 10% glycerol, and 0.001 % 

bromophenol blue. Rainbow molecular weight markers (Amersham International, 

Amersham, UK) were run concomitantly in a single small well for reference. These 

consisted of myosin (200 000 Da), phosphorylase b (97 400 Da), bovine serum albumin 

(69000 Da) , ovalbumin (46000 Oa), carbonic anhydrase (30 000 Da), trypsin inhibitor 

(21500 Da) and lysozyme (14300 Da). The markers were prepared in a 1:1 dilution with 

sample buffer and boiled as was the experimental sample. During protein migration 

through the stacking gel, electrophoresis was run at 250 V and 25 mA per gel then at 375 V 

and 35 mA per gel through the resolving gel. The entire run took from 4 to 5 hours and the 

CUITent was held constant throughout. 

After completion of electrophoresis, vertical strips of 1.0-1.5 cm width were 

removed from the left and right sides of the gel and stained separately in Coomassie blue R-

250ovemight. Small "tabs" were incorporated while cutting these peripheral strips to 

nllow for proper realignment with the main, untreated gel piece following destaining and 

rehydration of the strips in ddH20. Staining of the sides of the gel in this manner allowed 

for the visualization of separate protein bands. Using these as reference, distinct bands or 

rcgions were then excised from the entire gel. Protein contained within the major, 
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untreated portion of the gel was therefore not subjected to any unnecessary chemical 

modification caused by staining. Excised portions of the unstained gel were storcd at -20 (' 

until future use. 

Electroelution 

Separated proteins were isolated from the preparatlve gels using the S&S Elutrap® 

electro-separation system (Schleicher & Schuell, Keene, NH) designed for rapid isolation 

and purification of macromolecular samples from fraetionating gels. ln brier, the system 

consists of a sample chamber limited at each end by an inen membrane with a dense matnx 

through which buffer ions and molecules less than 3-5 kDa can pass under the 1I1f1uencc of 

an electric field. A second, microporous membrane placed at one end of the chamber, on 

the inner side of the fIfst membrane, aets as a prefilter that prevents acrylanude and othcr 

partieulates from entering the purified sample. Together these two memhranes form a trap 

into which the sample migra tes. The eleetrie field aets as the driving force filtering the 

molecules through the membranes; when the voltage is switchcd off, the memhranes seal 

the trap, preventing the diffusion of the sample out of the trap. Electroelution was carried 

out in CAPS buffer (10 mM CAPS in 10% methanol pH 11.0 titrated with 2 N NaOH) 

suitable for high protein transfer efficiency from acrylamide gels (8). After the thawed gel 

sUces were cut into small pieces and plaeed in the buffer-filled chamhers, a 50 VII A upper 

limit CUITent was run through the system for at least 18 hours. Eluted proteins, 111 final 

volumes of 400 ul, were then eollected individually from the membranc-bound traps. 

Protein was then precipitated from the CAPS buffer solution at -20 C overnight with a t 10 

4 volume of 1: 1 ice-eold acetone:methanol solution. Alternativcly, the CAPS-protcin 

solution was dialyzed 3 times against ddH20 in SpectraPor 3 dialysis bags (Spectmm 

Medical Industries) then frozen ovemight at -70 C for lyophilization. ProtClIlS recovcrcd 

from various regions of the preparative gels in this manner were then either injected into 

mice (as described above for our initial AEF preparation) to test for AEF activity, analyscd 

by 2-D eleetrophoresis, or used in 02- production assays. 

Two Dimensional (2-D) Gel Electrophoresis 

Isoelectric focusini (lEF), the first dimension: IEF was conduclcd using 

eomponents of the Multiphor II electrophoresis system apparatus (Pharmacia LKB 

Biotech., Uppsala, Sweden) on gels consi~ting of an immobilized pH gradient, ranging 

from pH 5 to pH 8, obtained by the copolymerization of acrylamide, piperazine 

diacrylamide (PDA) as a crosslinker, and a series of Immobiline® buffering acrylamide 

derivitaves. 

Prior to IEF the dehydrated gels wef(~ incubated for approximately 6 hour!' in 

rehydration buffer composed of 8 M urea, and 2.5% Pharmalyte® 3-10 (pharmacia) as the 
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carrier ampholyte. Lyophili2.ed AEF samples were dissolved in this same buffer with an 

aCiditional 2% B-mercaptoethanol and 2% Triton X-l00. AU solutions were fùtered before 

U:ie with 0.2 um filters. B-mercaptoethanol was ornitted from the rehydration step since it 

produced mercaptan bands at 50 and 70 kDa which were detectable upon silver staining. 

Samples were centrifuged at 13 600 x g for 15 min. and the supematants loaded into 

~Iample cups. IEF wali carried out under a protective layer of light minerai oil to avoid 

gradient drift caused by atrnospheric C02. The system was run at 300 Y, 1 mA, 5 W for 3 

hours (900 Yh) and 2 500 Y. 1 mA, 5 W for 14 hours (35000 Yh) for a total of 35 900 

Yh. IEF gels were equilihrated twice for 10 min. in 125 mM Tris-HCI (pH 6.8) with 1% 

SDS and 10% glycerol prior to SDS-PAGE. 

SDS-PAGE. the ~econd dimension: Vertical, 1.5 mm thick, polyacrylamidelPDA 

(f=30%, C=2.6%) gradi'ent slab gels were generated using a gradient maker (Hoefer 

Scientific Instruments, San Francisco, CA) with a dense solution consisting of 0.5 M Tris 

HCI (pH 8.8), 18% PA, 0.1 % SDS, and 10% glycerol (mixing chamber) and a light 

solution consisting of 0.5 M Tris-HCl (pH 8.8), 12% PA, and 0.1 % SDS (resevoir). 

Polymerization was iniriated with the addition of 6 ul TEMED (0.0003% final 

concentration) to each chamber and 30 ul and 15 ul ammonium persulfate to the light and 

dense solutions respectively (5xlO-5 final concentration). Gels were poured using a 3-

channel peristaltic pump and the Bio-Rad Protean II apparatus (Bio-Rad). Complete gels 

included a 4% stacking gel as weil as the resolving portion of the gel. IEF gels were 

applied flat onto the surface of the stacking gel. Electrophoresis was carried out at 25 

mNgel through the stacking gel, then at 50 mNgel through the separating gel. Migration 

through the separating gel required approximately 3 hours. Rainbow molecular weight 

markers (Amersham International) included in the second dimension were diluted with 10 

parts SDS-PAGE sample buffer (4 mM Tris-HCl pH 6.8, 4% SDS, 16 % glycerol) with 

10% B-mercaptoethanol and 0.006% brornophenol blue, then boiled for 3 min. prior to 

loading. 

Once elel;trophoresis in the second dimension was completed the gel was silver 

stained according to the procedure devised by Bürk et al (9). 

RESULTS 

SDS-PAGE Analysis or AEF Extract 

When denatured by heating in the presence of excess SDS, most polypeptides bind 

SDS in a constant weight ratio such that they have essentially identical charge densities and 

mi~Tdte in polyacrylamide gels according to their size (10). A plot of log 10 polypeptide 
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molecular mass versus relative mobility (Rf) reveals a straight line relationship. U sing the 

migration distances of our marker polypeptides (myosin, 200 kilodaltons (kDa); 

phosphorylase b, 97.4 kDa; bovine serum albumin, 69 kDa; ovalbumin, 46 kDa: earbonk 

anhydrase, 30 kDa; trypsin inhibitor, 21.5 kDa; lysozyme. 14.3 kDal. a standard l'urve 

was constructed and used to calculate the apparent moleclIlar mass of distingllishahlc band~ 

resolved by electrophoretic analysis of our AEF extract. Separation of AEF extnu..'tcd fmm 

amyloidotic spleen on 12.5% SDS-polyacrylamide gels revealed a re1atively consHmt 

banding pattern comprised of7 significant bands (Fig. 3.l). Sorne minor variabilty in 

staining intensity and inter-band distances did occur between gels most likcly due to minor 

differences in electrophoretic conditions or between AE:' samples prepared lJ1 differcnt 

extraction batches. For this reason molecular weight estimatiuns calculatcd from cadl 

individual prep gel were used to detennine the average values reported in figure 3.1. The 

migration distances of proteins were measured relative to that of the dye front sincc some 

differences in protein migration (probably due to differences in temperature over the gel) 

occurred horizontally across the gels. 

The Mr's of bands 1 to 7 (as indicated in Fig. 3.1) are 81.0 kDa ± 7.7, 73.3 "'Da ± 

6.7,63.2 kDa ± 5.8,54.6 kDa ± 7.4, 47.9 kDa ± 4.4. 15.6 kDa ±. 6.4, and 12.4 kDa ± 

7.0 respectively. A group of indistinguishable bands were detected 111 the region relative to 

the 30 kDa molecular weight marker. Previous studies conducted in our lab have ~hown 

that protein electroeluted from this 30 kDa molecular weight region do not exibit AEF 

activity. 

Automated amino acid sequence analysis of band 7 has revealed an amino tCllmnal 

end sequence identkal to that of rnurine histone 3 protein of either H3.1 or H3.2 sublypc 

(L. Hébert, unpublished data) (11, 12). Neither band 6 nor band 7 were found to exhibit 

AEF activity. 

Electrophoretic analysis of "AEF-free" control e;{tract preparcd from the spleen of 

healthy animais reveaied a similar banding pattern with the exception of band 4 which was 

not detected (Fig. 3.1). 

Isolation of Region Containing AEF Activity 

As described in Materials and Methods, protein was electroeluted from specifie regions of 

each preparative gel. Horizontal variability m protein migration and indistinct band edges 

prevented individual excision of bands 3, 4, and 5 in sorne ca!.cs. These three bands wcrc 

therefore isolated collectively. I.v. injection of mice with 300 ug protein corresponding to 

bands 3.4, and 5, (in conjunction with an injection of AgNO}, S.C., as an inflammatory 

stimulus) resulted in spleen amyloid deposition within 72 hours (Table 3.1). Animais 

treated with AgN0:3 and 300 ug protein electroeluted from either bands 1 or 2 did not 

---------
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If 21,5kOa 
7 

II'" 1403 klla 

'14.JkDa 

FlgllTl! J i Separation of AE.~ extract on 12.5% polyacrylamide preparative 
gels. Stnps c\ciscd from the vertical edges of preparative gels were stained with 
('oomassic blllc R-~50 (rcfer 10 Materials and Mcthods). Molecular weight markers 
WCIC lun 11\ the smalllancs appcaring to the outermm,t left of each photograph. 
Hand~ 1 10 7 (as dc~cnbcd III Re'\uIts), as weil as the region determined to contain 
plOtelll Ic~pon~lblc for AEF activity, are indlcated. A. Electrophoretic separation of 
AEF c:\tracl prcpatcd l'rom the spleen of amyloidotic mire. B. Separation of "AEF
frl'c" contlOl extlal't preparcd l'rom the spleen of healthy animaIs. Note the absence 
01 a dl'Icctahk hand ,+ l'rom the" AEF active" region in this case . 
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Table 3.1 Incidence of AEF Activity Indicated by Amyloid Depositim 
in Spleen Sections from Mice Treated with Proh~in Electrocluted fron 
Preparative Gels 

Band 1 0/3 
Band 2 0/3 
Bands 3, 4, and 5 3/3 
Band 6 0/3 
Band 7 03 

Note: Each treatment group received 300 ug of the indicatcd prolcin as 
described in Materials and Methods. 
Refer to Fig. 3.1 for protein band designations. 
Amyloid deposition was indicated on Congo Red stained spleen secllons 
by characteristic green birefringence under polarized light (as described in 
Materials and Methods) . 
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reveal amyloid deposition within 72 hours. These results indicate that the amyloid 

enhancing activity of our spleen extract is attributable to either bands 3, 4, and/or 5. We 

have labelled the reglon bound by bands 3 and 5 the "AEF-active" region of our 

electrophoretically separated sam pie (refer to Fig. 3.1). 

2-D Gel Electrophoretic Resolution of the AEF-active Region 

Followmg clutlOn From preparative SOS gels, AEF active region proteins were 

analy~cd by two dimenslOnal gel electrophoresis. ThIS technique separates proteins 

according to two independcnt parameters, namely isoelectric point (pl) and molecular 

wcight (13). Isoelectric focusing is carned out in the tirst dimension followed by SDS

PAGE in the second dimension. The similarity in protein pattern detected on both gels 

shown in Fig. 3.2 is indicative of the reproducibility of our results. 
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2-D analysis of protein electroeluted from the "AEF-active" region of multiple SDS

polyacrylamide preparatIve gels loaded with AEF extract revealed a protein pattern 

consisting of 13 distingùishable polypeptides (Fig. 3.2 A). The apparent pl of each 

polypeptide spot was estimated from migration distances based on the assumption of linear 

progression within the pH gradient in the tirst dimension which ranged from pH 5 to pH 8. 

They are, from spot 1 to spot 13 respectively: 6.2,6.2,6.9,6.7,5.6,7.5,7.1,7.5,7.1, 

5.6, ~ 5.0, 5.3, and < 5.0. 

2-D separation of protein eluted from the area corresponding to the AEF-active 

region (as detennined relative to molecular weight markers) of SDS polyacrylamide 

preparative gels loaded with AEF-free extract is shown in fig. 3.2 B. Comparison byeye 

between A and 8 revealed that 3 distinct proteins (labelied 2, 3, and 4 in fig. 3.2) are 

detected in the AEF-active preparation only. AlI three proteins exhibit pl's just below 7.0 

(6.2, 6.9, and 6.7 respeclively) indicating that aU three are slightly acidic. Their relative 

mobilitics during SDS-polyacrylamide electrophoresis in the second dimension indicate 

their Mr's to be 12.0 kDa, 31.6 kDa and < 14.3 kDa respectively. Irnmunoblotting of both 

preparative gels and 2-D gels with anti-SAA antibodies (data not shown) showed no 

reaclion thus eliminatlllg the possibility of SAA contamination. 

A number of spots (i.e. 1,5,6,9,10, Il, and 12) appear with greater intensity in 

the AEI-;'-free control versus the AEF-active sample in Fig. 3.2. This is may he due to 

differenccs 111 the amount of materialloaded and/or the quality of staining in each case. 

The large spot appearing in the lower nght corner of each gel is likely an artifact of cathodic 

drift in the presence of heterogenous low M.W. protein products generated during 

electroelutlon and freeze/thawing of samples. Cathodic drift, which occurs due to the 

continuous passage of cathodic end components of the gel buffer into the resevoir buffer 
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Fig. 3.2 Two-dimensional gel elcctrophorctic rc~()lution of the AEF-activ(' 
region. Proteins are separaled accord mg lo pl by I .... oclcctnc IOCll .... lllg ln thl' 111 .... 1 

dimension and according to moleclliar weight by SDS PAGE III Ihe .... ccofld 
dimension. Gels were loadcd with' A) protcin electroduted lrom ihe "AFF ;H.llve" 
region of prep gels and B) protetn clc<..trocluwd l'TOm the COI rc~pondlng regloll of 
AEF-free controls Rcfcr to Re~lIlt~ 1'01 dc~crJptt()n 01 each <;ample 
t indicate'i protetn spot", whtch are det('clcd in 1 hl' A EF-active preparation (A) hlll 

not in the rontrol preparation (8) . 
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and electroosmosis, can cause major distortions during isoelectric focusing resulting in the 

IŒ'i of resolution of basic proteins (14). 

DISCUSSION 
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Despite the devotion of considerable research on the subject, the precise biological 

role of AEP ln the pathogenesis of AA amyloidosis has yet to he determined. The 

elucidation of Us amyloid-associated mechanism has been hindered to the greatest extent by 

the mavaIlability of a purified AEF preparation. Complete biochemical characterization of 

AEF ln AA amylOldosis would not only indicate possible modes of action by comparison 

wnh known protcins, but would allow for the determination of whether AEF activity 

ob~ervcd across the spectrum of amyloidotic disorders is attributable to a single factor, or 

rather a group of factors with similar function. The availability of purified AEF could also 

facilitate the development of ex VlVO Models of AA amyloid generation using tissue culture 

sy~tems. Furthermore, should AEF appear to be an enzyme involved in amyloid fibril 

formation, studles examining its potency, kinetics, and active site may allow for therapeutic 

intcrvention with amyloid deposition. In addition, the production of AEF-specific 

antibodies cou Id he useful for monitoring patients with pathological conditions which put 

them at risk of developing amyloidosis. Obviously, the possibilities for future research 

dependant on the determination of the nature of AEF are endless. 

Elcctrophoretic analysis of our active AEF tissue extract under denaturing 

conditions revealed a relatively consistent composition of 7 significant bands. The 

estimated molecular weights of these bands (as indicated in Fig. 3.1) are contingent upon a 

constant SOS to protein binding ratio of 1.4 ta 1 (15). Previous periodic acid Schiffs base 

stailling and iOllic-exchange HPLC ,malysis of our extract (Lise Hébert, unpublished 

observations) however, did not indicate the presence of sugars which are most likely to 

cause SOS binding modifications (16). 

Histones are phylogenetically conserved, basic, chromosomal proteins found 

associatcd with nonhistane proteins and nut :~,c acids within eukaryotic nuclear chromann 

(11). The inclusIon of murine histone 3 ~ '1" prol in (band 7) in our AEF extract, despite 

solubilizauon wuh urea and B-mercaptoc ,II loI, is most likely the result of its strong 

aggregative affinity for other proteins. Tlle .Jentity of band 7 as murine H3 is confinned 

by the consistency of ilS Mr with the published 12.4 kOa molecular weight value for H3 

( 17), 

With exception of band 4, electrophoretic analysis of "AEF-free" control extract 

revealcd the Silme banding pattern as observed with tissue extracts containing AEF. The 
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absence of this 54.6 kDa band from the control prep indicates that it may he rcsponsib\c for 

AEF activity. The remaining bands, namely 1,2,3,5,6, and 7, are cam mon to both 

pathological and non-pathologieal tissue environments suggcsting thclr presenœ doe~ not 

necessarily result in amyloid fibril depo~it\On The proteins occuring in the~e latter band:. 

however, may weil aet as eofactors to the process of amyloid deposluon. 

The preeeeding conclusIOns are supported by our examinations of AEF acllvlty of 

specifie protein bands eluted from SDS-polyacrylatmde preparative gris Only protcin 

eluted from the region of the gels containing bands 3, 4, and 5 reveakd AEF activtty. 

Though it is likely that band 4 is responsible for AEF activity, it would he intercsting to 

deterrnine whether the presence of one or both bands 3 and 5 (j,e. as cofactors) arc 

necessary for amyloid deposition to occur. 

2-D analysis ofprotein eluted from the "AEF-active" region (rcfer to rcsults section) 

of multiple prep gels revealed a more eomplex polypeptide compositIOn than expected. The 

detection of 13 distinct polypeptides from a staning material consisting of only 3 apparent 

protein bands is due, in part, to the greater resolving power of 2-dil11l'n~lonal separatIon 

techniques over electrophoresis within a single dimensIOn. In(ltvidual protelll ~pCCICS with 

similar molecular weights are not distingulshable by SDS-PAGE analysl~ alonc. llowcvcr, 

if such species differ in Inherent pl, a combmcd IEF/SDS-PAGE procedure can ~cparatc 

them. Furthermore, the SOS-PAGE dunenslOn of our 2-D analysis con~lstcd of il 

polyacrylamide gradient which has a hlgher resolving power than SOS-PAGE wtth 

constant polyacrylamide composition. 

Additionally, protein detection on our 2-D gels is enhanccd by the cho~en staining 

method. Silver stain, though innappropriate for preparative gels due to large protcin loads, 

was used. Silver staining methods have been reportcd to have a IOO-rold mcrcascd 

sensitivity over Coomassie Blue methods (18). It is probable that sOllle protCII1 ~pecics 

detected in our 2-D studies were indiscernable on our Cooma~sic Blue stalllcd prcpara1ivc 

gels. 

The decrease in Mr general to aIl prote 111 spccies as dctectcd on our 2-D gel" (recall 

the "AEF-active" region of preparative gels spans 612 kDa to 47.9 kDa) IS prohahly the 

result of partial degradation during electroelution (i.e. by ba~e-çatalyzcd protcoly~is in 

CAPS buffer) alld lyophilization, 

It is unlikely that the increase in number of detected proteln spccle~ \11 our 2-D 

analysis is due to the dissassociation of mulumeric protein~ m10 their respective subunitli 

since B-mercaptoethanol (i.e. as a reclucing agent) was induded in sample buffers used for 

preparative gel electrophoresis . 
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Horizontal and vertical streaking observed on these gels may be the result of 

electroendosmotic effects produced by grafting of the immobilized pH gradient used in 

isoelectrofocusing, into the SDS gel matrix. Electroendosmotic aIterations can hinder 

protein transfer from the first to the second dimension ultimately causing streaks (19). 

The detection of spots 2, 3, and 4 in AEF-active preparations, but not AEF-free 

controls, ~uggests any one of these may be the protein, or a polypeptide derivative of the 

protein, re~ponsible for AEF activity. 2-D gels, prepared according to the methods 

described here, are easily amenable to microsequencing via transfer to polyvinylidene 

ditluoride membranes. Proteins blotted onto these chemically inert membranes can be 

sequenced dlrectly without additional manipulations (20, 21). Microsequencing of the 

polypeptides of interest ha~ already been initiated. Whole or partial protein sequences 

generated in this manner will be used to search for prote in identity (by comparison wüh 

available sequences stored in data banks) as weIl as for preparing specifie DNA probes for 

cloning as yel uncharacterized proteins . 
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CHAPTER 4 

MACROPHAGE RESPIRATORY BURST FUNCTION IN THE PRESENCE (W 

PURIFIED AMYLOID ENHANCING FACTOR 
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INTRODUCTION 

In chapter 2 we considered the effects of AEF on macrophage activation and 

function during amyloidogenesis. These experiments were conducted using a relatively 

crude extract with AEF activity. The studies described in chapter 3 concentrated on 

purifying AEF contained within this extract. This fourth and final chapter examines the 

effects of ex vivo AEF treatment of peritoneal macrophages as a continuum of data 

collected in chapter 2, using the purified AEF preparation devised in chapter 3. 
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Our experimentll measuring reactive oxygen metabolite production by splenic 

macrophages revealed that AEF dampens 02- production by l' gN03-induced macrophages 

and may similarly affect H2Û2 production. We speculated that AEF either acts in concert 

with factors induced or released during an inflammatory response or is able to exert an 

inhibitory effect only on those macrophages rendered responsive through inflammatory 

stimuli. In addition, we suggest that AEF may modulate 02- prodl!~tion by acting at the 

level of membrane components of the phagocyte superoxide generating system, for 

example by mterfenng with NADPH oxireductase cytochrome C activity. 

By investigating the effeet of AEF on isolated proteose peptone-elicited 

macrophages we hoped to clarify the nature of the interaction between AEF and the 

macrophage indeed to determine whether the modulatory effects of AEF are dependant only 

upon the presence of AEF and the inflammation-induced macrophage. 

MATERIALS AND METHODS 

Four treatment groups were included in each assay of oxygen radical production. 

These groups were treated with either AEF extract, with protein electroeluted from 

the"AEF-active" region of multiple SDS-PAGE preparative gels (as described in Chapter 

2), or Wlth a control, AEF-free preparation derived from the spleen of healthy mice. The 

fourth control group received no treatment. 

Animais 

C57BI/6J male mice were obtained From Jackson Laboratories (Bar Harbor, ME.) 

or hred in our own facilities. Food and water were provided ad libitum. AnimaIs were 

sacrificed by C02 narcosls followed by cervical dislocation. 

Cells 

P~ritoneal exudate cells were harvested from mice by peritoneal lavage with 10 ml 

cold RPMI supplemented with glutamine and gentamycin 3-4 days following 
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intraperitoneal injection with 1 ml 10 % proteose-peptone (Difco. Detroit, MN.). The 

proteose peptone had been previously detemlined to contain <0.1 ng lipopolysaccharide/ml 

as measured by a chromogenic Limulus as say (M.A. Bioproducts). Cells from al least t\ 

mice were pooled for each assay. The cells were washed twice in ice-l'old media Ihen 

adjusted to 1.5 x 1()6 macrophages/ml in RPMI 1640 + 10% fetal cal" serum, Ccli 

differentiation was determined on cytospin slides (Shandon. Scwickley, PA) stained \Vith 

Giemsa (DiffQuik, Canlab, Montreal, Qué.). CeUs were plalcd on 24-l1al hottom weil 

plates (Becton Dickinson Labware, Montreal, Qué.) in 1 ml aliquot!> then purifïcd by 

adherance at 37 C for 90 minutes. In each case, ceU viability was detenmned by ttypan 

blue stain exclusion to be > 90-95 %. 

Measurement of Superoxide «()2-) Production 

02- production was monitored using the method describcd by Cohen et al (1). In 

brief, adherant macrophages were washed with Hanks balanced salt solution (HBSS) then 

incubated in 2% fetal calf serum in RPMI 1640 with 5 to 20 ug lyophilized AEF samplc fOI 

4 hours. Dried AEF samples (described in chapter 2) consisted of solubilised AEF extract. 

protein electroeluted from the "AEF-active" region of multiple SDS-PAGE prcparativc geb, 

or a control, AEF-free preparation derived from the spleen of hcalthy micc, Followmg 

treatment with AEF, ceUs were washed, and incubated with fresh reacl1ve media (0.02% 

glucose, 0.1 % cytochrome C 111 HBSS) and PMA (phorbol myristalc, SIgma, 0.5 

ug/l()6cells) for 60-90 minutes. The absorbancc change at 550 nm was rœorded from 1 ml 

aliquots of spent reactive media from each weil. The protein content of cach weil was then 

determined follow1l1g celllysis with 0.5 N NaOH using the Bio-Rad protcm a~say kit (2). 

Results were recorded as nmoles (h-/mg proteinn5 minutes. 

RESULTS 

Results shown in Table 4.1 and figure 4.1 reveal that treatment with 5 or 10 ug of 

either our AEF extract or our AEF-free control sarnple had little cffect on measurable (h

production by PMA-triggered macrophages. Notably, treatment of cells with similar dosc~ 

of AEF protein eluted from the active region of our SDS preparative gels resultcd ln 

increases in (h- production as compared to control macrophages not treated prior 10 PMA 

triggering . 
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Table 4.1 Oxygen Radical Production by Peritoneal Macrophages Treated with 
either AEF Extract or Protein Eluted from the AEF-Active Region 

5 ug 184.59 (7.17) 89.15 (9.45) 100.70 (5.08) 107.63 (S.44) 
60.65 (9.16) 61.13 (13.91) 65.26 (9.58) 117.74 (6.74) 

lOug 1215.10 (38.02) 258.76 (29.11) 260.87 (4.86) 228.04 (57.85) 
61.54 (25.06) 94.65 (22.45) 98.43 (7.96) 281.38 (108.46) 

15 ug 1370.68 (32.64) 293.79 (55.26) 172.37 (58.65) 568.09 (17.99) 
.51 (17.82) 177.5 (31.54) 157.94 (13.20) 413.63 (80.59) 

20ug 1101.73 (13.79) 37.11 (11.32) 37.82 (2.36) 0 
79.59 (40.00) 0 0 0 

at least ,j assay 
For descriptions of both control and AEF extract as well as protein eluted from the AEF active region 
refer to the Materials and Methods section of this chapter. 
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Figure 4.1. Oxygen Radical Production by Peritoneal Macrophages Treated with 
either AEF Extract or Protein Eluted from the AEF -Active Region 
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With treatment doses of 15 ug, both the AEF extract and the AEF-free sample 

inhibited detectable 02- production. Cells treated with 15 ug eluted AEF active region 

protein however, again exhibited augmented 02- production. 

When treated with 20 ug protein, celIs in ail groups produced little or no detectable 

02-· 

DISCUSSION 

Cells of the macrophage lineage are considered the most likely cellular candidate 

responsible for degradation of SAA preventing the accumulation of amyloid fibrils within 

normal tissue (3, 4). During sustained inflammation macrophages become "activated", 

resulting in enhancement or initiation of certain function including phagocytosis, 

bactericidal and re~piratory burst activity, and antigen presentation (5-8). In the context of 

chronic inflammation, the activated macrophage is therefore relevant to the development of 

AA amyloido~is. 

80 

The processs of macrophage activation involves a regulated series of changes in 

physiology which culminate in the ability to execute complex enzymatic functions (5-9). 

The ability of a macrophage to perfoml certain specifie functions, possibly including the 

degradation of SAA, may therefore be dependant on its activation state. In light of the fact 

that the appearance of endogenous AEF is directly correlated with the deposition of amyloid 

fibrils (10), we suspect that AEF may indeed affect the ability of the macrophage to be 

appropriately activated for the degradation of the amyloid precursor, ultimately leading to 

the deposition of amyloid fibrils. 

Our previous work (Chp. 2, Il) has shown that spleen macrophages derived from 

animaIs treated with an exogenous ~ource of AEF, in conjunction with an inflammatory 

stimulus, exhibit decreascd reactive oxygen metabolite productIOn in comparison to 

production by spleen macrophages derived from animaIs treated Wlth the inflammatory 

stimulus alone. In addluon, we found that when AEF was administered in the absence of 

AgN03, (the intlammatory stimulus) no significant modification in metabolite release 

occured relative to steady state. The fact that the down-regulatory action of AEF is 

dcpendcnt upon a concomitant inflammatory stimuli suggests that AEF may act in concert 

with other factors induccd or released during an inflammatory response or may exert an 

inhibitory effect only on macrophages rendered responsive through inflammatory stimuli. 

This would explain why AEF tnggers AA fibril deposition only when administered in 

con jUil ct ion with an lIlflammatory stimulus. By exposing proteose-peptone elicited 

mHl'lophages to AEF e.\ \'Ïm we hoped to detennine wh ether AEF-induced-modulation of 



• 

• 

Ch- production is dependant only upon the presence of AEF and the intlammation-induccd 

macrophage. 

Si 

Our obsetvation of significantly decreased Or producl ion III thc pll'Sl'IKC 01 highcl 

doses of our AEF samples. including the control AEr·-frec pn'parallon, ~llggl'~t~ Ihat 

inhibition of metabolite producuon obselVed at 20 ug and 15 ug may he caused hy toxicity 

of the samples to macrophages. Trypan bIlle exclUSIOn ~tlldll'~ pl'rfOllllCd pOM-incuhation 

with treatment media revealed only a slight decrease 111 viahlhty al lhl'~ nlllccntratlOlls (d~lla 

not shown), however the ability of the macrophages 10 produ<:c 02-may have Occn 

impaired. 

Furthermore, it is possible that the obsctved stimulation of Icactlve oxygt'n 

metabolite production in the presence of protein preparcd from the "AEF-acllve" rq!,ion of 

SOS preparative gels is due to SOS contamination. This is suggestcd hy the l'aet that 

treatment with non-toxlc doses of simple AEF cxtract. which contain~ acuw AEF bllt ha .. 

not undergone final punfication procedures involving SDS-prcparatlve gels, docs Ilot rC~lIl1 

in enhanced 02- production. The triggering of the resplratory bllrst 111 macrophagcs 

involves a series of molecular event., which takc place at the Icvcl of thl' plasma Illl'mhrane 

(12). Macrophages are known to respond to a variety of stimuli indudlllg pal1icle~ ~lIhJcct 

to phagocytosis and soluble agents capable of interacting with the l'Cil mcmbrallc (13) 

SOS is an ionic detergent that can denature and ~olubllizc membranc protl'ill~ whl'II prl':-.cnt 

at high concentrations. It is conceivablc Ùlcn that contaminant SDS may affect the 

conformation of cell surface proteins involved 111 Oz- productIon tht'Ichy tnggenng lite 

respiratory burst Despite extensive dialysis of sampi es followmg ellilton III CAPS

methanol buffer, it is probable that a small qllantlty of SDS remaincd. lJsmg 

acetone:methanol precipitation to recover protein followmg clcctrocllltloll cIlIlll11<ltc~ 

contammatant SOS from the protein quite effectively (14). This procedure howcvcr, 

further denatures the already exten~lvely processcd AEF preparation and was dccll1cd 

innappropriate for the preparation of a biologically active ~amplc A po~ ... iblltty for f1ll1hcr 

investigations into this question would be to conduct the 02- production a~~ay on ccll-; 

treated with protein electroeluted from the reglon of SDS !!e1s of control, AEF-f rec ~al11pJe 

corressponding to the "AEF-active" region of AEF ~ample-run geb. PreparatIOn of ~.uch a 

control sample is greatly hindered by the fact that relatively little protcll1 I~ cOfltall1cd wtthlll 

the appropriate region of the preparative gel. Inordinate amounts of healthy murine :-.plcen 

are therefore required as starting material to produce the necessary mlcrogram quantllic ... of 

electroeluted, AEF-free end sample. 

It is possible that the absence of AEF-associated down-regulatHm III 02- productIon 

observed in the experiments presented here is due to the fact that peritoneal macrophage~ 
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(versus ~pleen macrophages examined in chapter 2) were used. The ability of macrophages 

to produee oxygen metaoolites can vary according to their site of isolation and extent of 

differentiation (15). Modifications within the oxygen metdbolite production pathway 

occuring during site-~peCific macrophage dIfferentiation could conceivably alter cellular 

su~ccptlbihty to the effects of AEF. Studles have shown however that coincubation of 

amyloidotic perItoneal macrophages and SAA results in amyloid fibril formation (16). We 

have therefore assumed that peritoneal macrophage funetion is in fact vulnerable to AEF

induced modulations associated with amyloid deposition. 

Overall, data obtained during the~e experiments does not resemble data obtained 

with respect to the 1Il vivo model of macrophage reacttve oxygen metabolite production 

during AEF-tnduced amyloidogenesis descnbed in chapter 2. This may indicate that 

elements other th an the inflammation-associated macrophage and AEF are required to incur 

dampening of cellular 02- production or that active AEF is not present in sufficient 

concentration in our tIeatment preparatIons. In future, the complete characterization of 

AEF, allowing for its purification to homogeneity, will eliminate the possibility of 

interefercncc by unknown components included in current AEF preparations. Further 

oppurtunity for study 1 ies in the InvestigatIOn of the effects of adding specifie factors 

known to be induced or released during an inflammatory response (i.e. acute phase 

proteins such as SAA or cytokines sueh as the interleukins 1 and 6 or tumor necrosis 

factor) to our in vitro assay sy~tem. These types of experiments may welllead to the 

elucidation of the elements involved in, as weil as the mechanism characteristic of AEF

induced modulation of macrophage function . 
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CHAPTER 5 

GENERAL DISCUSSION AND CONCLUSIONS 
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DISCUSSION 

Amyloidosis describes a heterogenous collection of dbedse:; char.u:terimi by the 

extracellular deposition of prott:inaceolls amyloid 1ibnls of great chcmical divcisity. 

Nevertheless, the shared tinctorial and structural ('haracteristlc~ of ail amyloid depo:-.its 

suggest that amyloido~IS occurs duc 10 a ~lI1g1e, commoTi pathophy~lOlog.il'al pIOCL'S~. The 

consistent derection of AEF in a vanety of amy 10idotIC ti~~uc and it~ apparent ŒU'iat lVI.: IOle 

in amyloidogenesis suggests thm AEF l~ an lIltegral componcnt of tlm cnml1lon pathogcnic 

prl)ces~ (1-5'. Physiological processlng of preclll sor protcin~ of vat iou~ <tmylolds hy 

activated nlacrophages, RE ~ells, or microglIa has aho œcn consistent!y irnplIcalcd in 

amyloidogenesis (4, 6-9). 

Our in vivo studtes focusing on the relation~hlp betwecn AEP and 

reticuloendothelial cells found al the site of amyloid deposltion have shown that AEF 

selectively affects sorne macrophage dctivatIon-assocIated runetions. Examination of 

functions known to be enhanced in the activated macrophage rcvealcd that whi1c AEP d()c~ 

not affect spleen macrophage phagocytlc or microhicldal actIvUy whcther admilllstercd 

al one or in conjunction with an inflammatory stimulus, it docs dampen reactlvc oxygcn 

metabolite production as measured by Or productIon. When AEI' was admllllsiered IIllhe 

absence of an inflammatory stimulus no .,ignificant modulatIon in metahohtc relea ... e wa<; 

observed. The apparent dependence of AEF actlVIty on a concominant mflammatory 

stimulus suggests that AEF either aets in concert with factor~ mduccd or re1ca'lcd dunng an 

inflammatory response, or exerts an inhlbitory effect only on m:\crophage ... rcndered 

responsive through mflammatory stimulI. Thl~ v, "qld cyplain why AEF tnggers AI\. fihnl 

deposition only when administered in conjunction wnh an inflammalory ... imlllu~. 

The acute phase state, charaeterized by the presence of partlcular mc(hat()r~ (i.e. 11.-

6), has in fact been associated with amyloidotic tissue environments ir non-AA 

amyloidosis (l0, 1 1). Future investigations el ucidating the speci fic aspect<., of the A PR 

necessary for amyloid tibril formation 111 the presence of AEF may reveal oppurtune area~ 

for therapeutic intervention in amyloidogenesis, for example through Ihe use of anti

inflammatory medications. 

Further studies examining the effect of AEF on la ~urface expre~sion (c1asc.;ically 

used as a olarker of RE celI activation status r 12-141) rcvealed that increascd la cxpres\ion 

indicating inflammation-associated macrophage activation is blockcd in the presence of 

AEF. As indicated by our respiratory burst studies, AEF !>cems to cxcrt an inhibltory crfcet 

only in the event of a concomitant inflammatory stimulus. Taking the!>c investigations a 

step further we then examined whether the observed suppression in macrophage la 
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exprC~l,lon played an Integral part in ahered SAA degradation leading to AA fibril 

depo~itlon In the \plccn of experimental animaIs. Our results show that restoration of 

~urfac~ la expre~\ion wlth IFN-gamma did not prevent production and deposition of AA 

fihrils in the spleen mdlcatmg that the mechani~"m~ respomible for MHC antigen 

eXpreSl,lOn, though affcctcd by AEF, are not directly involved in amyloidogenesis. 
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Our ~tudle~ exatmnmg the 11Itherto elu~ive blOchemical nature of AEF are on the 

brmk of reali7..atlon. Thu~ far SDS-PAGE analysl'i of AA amyloidotic spleen extracts 

coupled with concomitant AEF activity assays have pinpointed A EF activity to occur within 

a l110lccular wClght range betweclI 63.2 kDa and 47.9 kOa con~is(ing of three distinct 

band~ Significantly, a ~ingle protein band wlth an Mr of 54.6 kOa was detected in AEF

active samplc~ but not ln AEF-free control preparations suggesting it as a possible AEF 

candIdate. 

2-D clcctrophorctlc resolutlOn of the region containing AEF activity revealed 13 

distinct polypeptide ~pots ~uggesting that the three protein bands detected by in one 

dimensional SDS-PAGE analysis are compnsed of greater than one protein species and that 

degradation cvent~ producing consistent polypeptide products has occurred. Three spots in 

partlcular have been idenufied 10 occur in active AEF samples but not AEF-free controls. 

Sequence charactcnzation of these 3 spots, regardless of whether they represent whole or 

partial protein ~pecies, will he used to search for protem identity (by comparison \\-ith 

avatlable sequences stored in databanks) as well as for preparing specifie DNA probes for 

cloning as yet uncharacterized proteins. Both human and movse cDNA IIbraries 

con~!ructed from mRNA Isolated from thsue known to produce AEF (i.e. the liver) are 

currently aVaIlable. Obtammg rDNA clones corresponding to cellular transcripts of the 

AEF gcne will be useful for obtalllmg the complete amino acid sequence of the protein, 

predictmg specifie structural or functiona\ features 01 the protein by computer analysis, 

functional analysis of the protcin in transfection experiments and site-directed mutagenesis, 

and eluddation of the control of the expression of this genc in nonnal and pathological 

situatIOns. 

Re.cent studles in our lab have led to the successful characterization of AEF isolated 

from the bram tissue of patients with Alzheimer's disease (unpublished resuIts) and found 

it to correspond to myelin baSIC protein (MBP). Though our AA arnylOld-associated 

preparation dIt! not reae! with anti-MBP antibodies (data not shown), any similarities in 

sequence amVor function between MBP and AA amyloid-associated AEF (once 

characterized) will he highly indicative of specifie features which attribute AEF activity 10 a 

protein . 
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The synthesis and act;on of AEF is a key elcmcnt in the palhogcnl'si~, of 

amyloidosis. Eltvated AEF levels have heen shown 10 neCt'ssarily an:ompan} amylmd 

deposition in the murine model of AA amylOldosis (3) Detcn11llllng hOlh the 1110dl' of 

action of AEF as weIl as its blOchenllcal characler are e~scntialto thc dUl'Idation of the 

amyloidogenic process common to ail fonm of umyloldosi" Once thc!'.c obJectives h.ive 

been achieved it will be possible to investigate ways of mhibitlng AFF .,ynthc~is or ItS 

action in triggering the process of fibril fonnatton . 
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CLAIMS TO ORIGINAL RESEARCJ-l 

1. 1 have established that AEF selectively affects certain activation-associated macrophage 

funetions. Our in vivo studies ~how that while AEF, In the presence or absence of silver 

nitrate, has no apparent cffeet on the ability of spleen and liver macrophages to phagocytose 

or klll L mOl/ocylogenes, it hlocks enhanced respiratory burst function (as measured by 

02- production). 

2. 1 have demun ... uatcd that treatmem. with AEF in conjunction with an inflammatory 

stimulu!> (AgNÜ'Ü blocks the increase in number of splenic macr::>phages expressing la 

seen wtth the inflammatory Mimulu~ a10ne. ~urthermore. treatment with IFN-gamma \'vas 

shown ta re~tore dccreascd la expres~ion in animaIs given AEF and AgN03. 1 have also 

shawn that th i~ re!>toratlOo of la expressIOn did not prcvent amylOId A fibril deposition. 

3. 1 have Identified thlec candidate proteins (or polypeptide der ivatives of thellc proteins, 

present ln AEF-active preparations only, which may he responsibIe for AEF activity. l 

have presented these protems on 2-D gels easily amenable to future microseqœncing via 

transfer to polyvinylidene difluoride membranes . 
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Splenic macrophage activation and functions in amyloid 

enhancing factor-induced secondary amyioidosis 

Study of phagocytosis, killing, respiratory burst, and MHC 

class Il surface expression 
Caroline Reid, Lise Hebert. Gina Poaulo. é-md Fr.tnClf1l~ c...'eIVdIS 

\/((,/, (f"!l III' //// \t 11/. ,/ //! / 1\\ " ,l., \/, J, 

Ab~tract· SClOlld,lf) .1111\ 11l1c!ml., i, .\ .. \ .. tllllll d!>(·.l"· 
charadcrll'ed b\' lhe c,"tr,llclllll.lr tl".,lIl' dcpmitlllll (If 111-
soluble fibnll.lr ,1l1l\'IOId \ prot('11l \hl'I r,lllt IIH't.l1)ol"l11 
of serum amY!Old \ protc;n 1)\ Ictill"o~'nd()thl'!J." Ll'll, 1., 

thought to re'>lllt III the alLllll11tlat iOIl 01 hbrd., \\ 1111111 lhl' 
tissue, Trl'atmellt of mlll' \\Ith 'IInyIOld-enh'lIH III~ 1.1LlO! 

(AEF) in lOIlJunttion \\ ith .lJl i nll,l,llll1,ltoI ~ .,till1ulu., 
(i c .. Ag~OI) indllLed ,11'1\'lo\(\ dcpmltlflll "Ithill lH-ï:.! 
h The ,Ietlvallon ,Lltl' of a lIl'ILrophal;l' bre;c1~ d( tIlle .. Il., 

'ymaiie capabilt tiCS. 1 Il the st ue! ln rqlOrted 11('1(" \\t 

c .. Jnlined the ('[[l'ct of .-\EF on "pkcn l'j,Il roph'l\il' ,Il tl\,(
tlOn uSll1g hoth functlOn,tl ,lIlel phellol, FIC ,l'',\V., \\l' 
found that wh de .\EF 111 the pn:scnce UI ab.,l'lIlL of 
AgNO] ha, 110 ,\pp.uent effut 011 the ,tbdlt) of 'pkl'Il 
and Il\er macrophage ... tn ph.l~ncytmc ur lull [,ntcri,1 
mOllocytogcIIcs, It appcar~ III bll)ck enhanccd Il''P" ,ltlll ~ 
bunt fUllctlO1I (as mC3sllrcd ur O~ - prodlletloll) "b'ol'rvlt\ 
with AgKOI .donc AEF thcreforc scell1., c,(p,lblc of 111-

hibltll1~ certain 1lI.lcropha~e ,ILll\.atJ()Il-.I~~OLl..llcd fUIlL
tlOns while not affeetlng othl'r, Our .!ctI't(atioll phl'lIo
type studlcs. mlllg surfalC' l.1 n.prcs.,io[l. levl'al th.lt ,\EF 
bll)cks the illcrease 111 number of splenic macropha!{c\ e,"
prc~s1ll~ la ~een wlth Ag~O! alonc TrC..ltnll'lIt wlth 
interferon-) \\-as found ta re,lore dccr('a.,cd la e'"prc~,lnll 
in animais gl\'en .\EF \IjNO I but dlcl not preYellt 
amyloid A fibril dcpo.,i tioll. J. Lt'ukoc. Biol. 5 '3. h51-6j 7, 
1993. 

Key Bords. rf/ICI.lot'ndothehal Lt!!l~ • la . bac/mcldal actlOTI 
• reaC/lUe o\CYi;eTl metabolzl,'s • Fi-ICS analym 

INTRODUCTION 

Am}IOIdosl" l, a !.;cncnc tl'rmlor a di\tTsc ~rollp lit dl,,'a~e~ 
characten7Ccl bv the c,"tracelllll,1l t1'>Sue dep()~ltlnn ni Imolu
ble proteln IIb[l15. olten reslIlting ln latlui e 01 the l!I\olver! 
organ~ Secondary arnyJ0I0o'l,> I~ typlhcd bv tlll: de\!O'lltICJlI 
of amvlold A proleln (:\A) clenver! Itom th,' ',lrlJfl\yl
terminal cll'd\,tge of It~ allllc-pha~e ::,elllfll pl l'LUI ,ur. ,,'111111 

amylOid A (SAA) [1. 21 ~eLOlldarv àmylolc!o'>l" ,Ippl'clr" III 
conJullctlO1l wlth u:rtalll lll,tll\SnanCIl'>. dllOl\l( Intlallllll,l
tory dlsordeIs, or prolongecl mlectlOll PI L\jJ' tllllUlt,tI 
seLfllldary amyIOldo~l, IS mduLccl III LtboràtulY .lJIlrn,lb bv 

SUstamcct tntlarnmatlull or dll0l11L IJ,I( tCrlal UI p.lId'HIl In

fecllom [4] 
Amylold-enhanclng fdLtot (,'\CF) I~ [)('lw\.·d trJ pld) ,lll 111-

tegral role ln the patho.;ene"l'> 01 ,lfllylolcl'hl\ Altholll(h H~ 
complete blochemlcal charactCrl7atlOn rCllIdlrl'> dU'>IV", ,\1'.1 
IS rOlltme1y eXlractecl trorn the t1\'>ue 01 ,ltll) IOldotil ,lnlflldl.,. 

ft· ".' , , \: " '. /1 

I\h'll Il,.UII\I'' 1"lhi'lll 'l'llI''\II'III,I\ '1 \.'I,IIII"J" 
th, ft l' l, t\ .. ~ Il li ,l, 1" Il' 'fi ,tI lll" 1",.1 1 d 'l li [, 1 1 il, l, dl" 1 .. 1 

,III' l' l, Il Il' ,li \II l' Il d·d'II l,' h"I" Il' \ \ 11 1.,,1 

.1'1""111"" \llh''1I,:IIIII'''1 '\1" '1111' II tllll,III' Il''11 1'1""" .,1 
l"I"llt '\II ri \\lIi. 1", Ill' ,1. ',1"11\11"11 .. 1.1"", ,).1, 

.II\1\ltllddtl'Il"I, Idlrrlill l' 11'"1,"1 \II 11I"'''I\lllllh'II\\1I1t 
III Il tll1111111 II. '1 ,1", il' i" l' t dl . 1'1 Id" li ,l, 1'" 1""11 \\ If 1 \ III 

~ 1 l,' ;~ h Il,: 1 h, .1,,111\ .,1 'II' \'''', Il''11 "'II •.. 1 \ 1 1 

1" ,ftll,lt Illh, 1'\111,,1111,. 1" Il ... 11' '111\1' .11"1 tfl,·I,·I,I.I, 1" , 

11(111 ,",!,.,q, III" Il l' l, 1111'1',1,,,11,," Ih, 11".111'" l' '1"1r,.1 

IIlI th, '11,1 111" 1111'1' III ""11' 111111 III \1 1 1 1 1 '1111" IlfI .. l' 
!..',tIH fil ,111,d\.I .... Id lIIJ\!\llcl \1 ! r 1111 l,Id Il 1 \ Jd!!llr 111111 

11/1111«( '111.: 11,( t rlltf 11'{fldlhtlll\ ll,l)\t !r\ll'flt[lll,lIll[ \ 

p' IllIl' III.iI ," "11,f III 111111,,,,1"'1 1.' "1111,,1\,,111\ 1 1r1,,1, 

<!lllllIILIIJfP,lllt 1 q 1111,.") 11\ !{111f1 11111111111111 (\1'11\\1!l1 1111 
"llltllll!) rll,tl Ir 1 LltHt III \ 1 IIIH' ( 11\ III 11\111111111 11\ 111 

tl,I\('f\ It1 h\l\ 1 Illjl!{1r111 ,,1 III! \111't [Hill 11111\1 rd \11 l''! 
lilltlJ<'1 '.lljlp"ll' dl, 1,>1, III \1 1 l, 1 III '1"1,1, " 1IIIIIltili III 
ri\<' rl,',I"jlll1' III ,,1 """,,\',1, Il'111,'',]11,1. 

\.:.,lllIJ!"'II,j"'}I<II.!I "II, h," l''fll~ I",ft ,,, .. ,'1" ,,11ft 

,1"" .1",,, 1111'\11 \,1111 lI'I\I'JI,] d, 1'11.\1 III Il'1 [1111 .'.11' "1 Li 
l'tlll'h'l.ti Id, ,,01 111"11t" ",. fi' fllll"l1 III 1" "1,<1>1, .. 1 

Il'' dl,lllll~ '> \ \ ,]'·"I.\,{ 1111111 III IIlill dill/,"·I, Il,, "1111" III 

(,\I,>utLlt'·(II.''.II'''111 l'I'..,III'}I'' 11111,r1.tI,III'lrI.lllllI' Il,, 
"\.It 1 III.IIII/Il,l\lj' :1' 1\\ • Il 111.1< 1111.1, If" .0' 111111111' ',1, 111.1 

tilt' dCP"'IIIIITI ,il .1111\1,11,1 Id" Li 11.1\' l, ri II/ tll' ,II ,'"" 1 Il, " 

1Il01l'1I111,]' Il l, 'lf,,"I' , 1'"111 h, tltll'. 1".11"1.\".". fi' , '1" 

IJlt, 01 [lIrr\t,IIII:', 1"'lif,}' l' '>'\.\ d, 1~l.l<l.lllfill. \\11' l' 1 1\1' 

, t Il.., 0 l ,1Il1\ 1" 1 t If) III p.ll l" 1 1 1 " l' 1 fi,] 1" 1 .\ Il 11111 1 III' rll"" 1"" 1. Il 1 

1I.l~I1I'·lIt. iJ"tlt th, ,.11.11 \II' .\', Ai\ .11It! 11111111111,,1,,1:1' dl, 

(I()~\-II·.lItl\( WIIIt \.\ [III III ,Iddlllrill. Il''IIII.!I ,,'111111' 

KUl'tl'l " Il, h.t\1 l" 1 Il 1IIIIIIrI IfI ri. I~"I.I, '> \ \ '"1''1''' l' Jo. 
I\hel".!' l<.\Jptl, l "II, Il''111 .1I11Vlfllrl IlIdllf 1.\ ,1111111." 

PI'Ir\iIf' th, .\\ 1111'1111,,11.111 Illl 1111""1""1 • .\11,,,,1,.\.1,,1 

tf) tllI hypflliit I~ III.! 1 Il',''111 IlIlyl(lIri <l1'j1'''III'''1 1111, l" <!", 
II! IIl.tPpl"IJI Lift 'JI III' 111111'1,1, '>.-\,\ rll 1'1.1,1.111' "11"1" Il ,.1 
thl' 1I](11](J( viI /111.\' l"l'h.ll~' \t", .II~I. It .Idllll". III Ih, '" 'I/Iili 

I.HUJII 'It :\.\ 

1" Ir~ltt ,d rllt oh, 1'''1', 11111'011.111" ,,1 I",dl /\11 '11.\ 

li'lll lIl,)( nrlolltl Il,d, 11\, III rI'l /"1111.111'111 ,d "nlyl"l 1 d, 1"'.11 

\hblt, 1.1111111'- \ \ 1111./"111 \ Pl/jfllll \1 1 l/rl.ll/ld, rdlllii l/Il~ 1 If /'1' 

B)\ III}\. 1/11 ~fllllii dtJllllllfI fi ' (111,,,,,1'1"0 ( 11'(, ,,,\1111111(11'),/1,111"1 (, 

\11 f( rtI.llur ~1I\t(JI IHIlP,Ift!,dlt Il 1 Jill ,,1, .. PB') ,dlll ph Iif IJI"" Ilfl .1 1 fi'" 

P\l·\ ph/JrLHI !II'. fi',"", il f' ,r, ,,\A t'llUlt IIll/lllld \ ,1'1 p"" th, 
p,ld\(I!~f 11 IfI r 

K'prin/llllll' ,1. iflllflll' ("f/ll" \·1,,,11,. 1I(,'III,d fl""'IIIdll, ,1*1"'1 

In"ltlr'Jf! f" Il HJIl 'JI~ 'fI J()( "JI(" 1 \1'JlIIf' Il ')I,d,II IIlf, l/\\ 
Rffll>,dj.ltPlllt ~II 1"'11 1I1111',d \01H11! ~ i'/rl~ 



• 

• 

: j II 11111' l' j ,tjldl l' Il) III,' ': 'dll Ill' iJI {JIJIJI fil Ifl (" • j 

(i'jl~' 11(IJ/ \f (1)11I,j ( IIJ l' ,1,( r r,tIJr "),\ \ (1,I!f"ll,!f!(JI, rJ" 

Il J J' J "l,II 1'" r Il ( Il J J • .! 1 J J J,Ji '. l' j, li' 1 1 J l'fi' IJI III" (,1 J 1 

h. 1",rIJ' 1 l "II' Jd, d l,. rll' J' JIll "t Pl" 1(,11 Illdll' 

"IJltt, Il'' .,,1 '1 Il 1/11 11'1".11 III" ,,1 \11 .. J- 1/11111.11,1 

J'l, 1.' "J" " JIII.·d !dJlII .1" IITlIIII.III'111 III' l'." ! '1 IIJI 

1 r ' 1 li J! 1 1 JI' ! 1 f 111 Il Il ,1 JI ~ !! li, Il! ! d JI It • t 1 (Jt (1, t 1 1 f ( I! \ 

rll '1 JI ,/1 'Ill, III' III il [fIIJb JI,' 1Jl !.r l ' I1ld/l)J fll\rf)( (JI!!j"ll 

1,,111 ·,J,tI,l. l'.III( )'! 1 1111 I}' l'l" l'JlI .11111I1111·1,!,·1 

vIth 1/1' 11111' Il III' 1 'd, Il.1''\'111'111 \11 d'II 'III' Ilidr,1 tl'JlI,,1 

IJ
' 

111/1/ Il,,,1 '11111"011 dll,lllldt) 1 l,. 1 (f,'11/1I1 ITlILUIIIIII 

"""111"1.,, "1'III/"Ji,11 Il' 'III Idl" "11 ,."Ji'IIIII' Il, Il ,\JlII 

Til Il 1I/!lL 1 J' d, <Il Id \1) 'PIIHI !I, j,!I}1 ~ Il\P Il I~ 1111111 

JI ,dl Il, : '. Il' .!JlIII ,,1 III' !!, Il l"i"I.J~1 III ,J. III "l, :Ill "\ \ 

(fdllPlllll \\, tL/lllld' l '1/llfI,d 1I1r1t1()IJh.t~1 Iftl trt'lll 

'II! 1 bill' Il'111 d I, ,1 l ,1 Il.1, "II .J f'hllllll\ III' I, ,,111111,,'\ 

!l,II III' Illd,,, 111111 ,d 1 l 'JI"III' JIII\llJlrf<J\I\ II-J/I~ \11 III 

"1//110111"1." , Irii d" 1 11111 1111 \ ,\( l,) .1' ,JII IlItl.III1I1I.IIIII, 

,IIII'ld'l 

( , 11111' Il' \1 1"1"1,"" l'" 1111 ,1111 1111\ \ill h ,h ptr,J'~1I1 \1', 

1., l"" Il Il' 1<1" 1'111111\)11 1" l" l'II.ilIII\ 1"11'1 1i11l1110Il" dl" 

, IdJ.!I\!' d ,jlll'II" J( Il' il 11)11 [II 1"1 dllrl .II' Itr' Il Il'1 ' ' ~"I,d 
l'III' 'l'IJ''~ III>!I' ,1,,'t' ,,' tll," IlIpll,\1'1 .l' 11\'\'1"11 '1.11\1' ()IIl 

l''IIIIJI Il' '''1111,,11' IIi' 111,1'11 ")1111\ JI Il'' l,Ill" 'plI, Il 

, , Il 1" IrI, , ','" "l'l,' ,'lld 1 dl //'/fT .. / '''"1/"1)1 1'('/1", ,l) \'t Il ,', 

d" 111' 111" ", Id \II" 1"11 1 1"1" 'il" 1 1\ Illdli ,II".! 1)\ () ,-

111,"1'1'111'111 ,,1 'l'l'III' Il'.11 IlIl'h "~" I)('{\\, 1 Il ,111\1"ld"lli 

l/lllll.d, Il' ,l'',j ,\1111 \",>.1), Il' " '11)1111' 11"11 '.\111t \1.1 ,111.! 

.lnllll,J1, 1/1 ,Itt,j \\llb \I~ \,r)1 ,d"llt' III ,1I1dlll'J/I ,\t 1 \.1-

IJIIllt ri dll ,JrllI 1IIIII.d 1 \1111,\11111 'd 1.1 ,llltl~111 h\ Ill.\( III

Idl Il',',1 Il 1. il 1 ,1 1111111 tlil '1'1" Il, ,,1 111111 III ,litt! \\I[h \11 
IIld \l'~'()I \1\ Il,f1l1~ !I0\\ ,\111111111\ ,1I1d lrllIllIIIlOllulIll\

"1111 III.rI\"I', 1 h,' Ilill,11l1 1 ri , '1)[1\\1<111 ,,1 \If l( 11.\\'i Il 
1111.]'11111\111.1\ IJI II\lrloI"IIII.II~lr ,dllldll"pltdt.:!',lcrl\,I(I1l1l 

Il,, lB) ()I,/ ,11111 \,.1" 1" d'l' 111l1ll' \dll lh, 1 irl,lfrTl'lll \\!lh 
\ ,. , .• llld d" 1 1Ii1I,UI , '(1\\' '. ,1 ,h.\lI~I' III tll.!' loph,l\(t' '1.1\-

1 l', 1.1" Il 1 l "l' 1 Il , 111111'.1 1 l ,1 '.\1 { h (1 t'.l 1 Il\( Il t \\ Il ft 1 he III IL11 11-

111.111l1\ '111II1l11J\ ,1111111 .tll.! il \II "!U-t1WI .lrl\ ,ulh dl,lIlt.:' 

l "Id" l' Il,, 1.11\ ,1I1('LI\I"1\ III Ih, dt'\(I,IILltll\ll p;!ltcln 01 tlw 
"'.\.\ 11It' 111'"/ J,..ldlll\( III \,\ .tlll" IUld hl>l Il Ikpll'rtlon 

MATERIALS AND METHODS 

Anrmals 

:-'1)( ,Ih, p,llhol\t'Il-llce ~SPF) CJ7Rl/6NH~clll\ale !tllee, 8-1'2 
\1' 1 k\ tilt!. 1\('IC C'I(hel nbt.lJl1ed lrom ltlrl,ln Spl.lgue D,miel' 
(01II,d. 1 nt! 1,1rI.tpoll\, IN) or IJied III (]~Ir () .... n SPI" lactlltlcs 
l'IIll1l ,11\<1 Il,Hcl I\t'It' p!()\Hitd ,tel libitum \l1Inl(~h were 
",H 1 tilt ('d IlV ('02 Il,UI Il'il'' I"lllll\( d hl' 1 t'n le,ll dl~loedtlon 

PreparatiOn of amylold-enhanclng factor and mductlon of 
amyioidosis 

\FI· 1\.1' pll·p.Jlcd Irll!lt dit' 'Ill''en., lil C57BI)tj mltc. !n

l''' lcd 'Idl( IIl,lI]1 omlv (,> 1 ) lm 21 d,IV~ IIHh t:)~'~ laSl'1Il 

1 t llltt'cI Si,HI \ Htllt hel/II' ,Il, (:I(\,-!.tIllL ()1I) AEF \\,l' I"tractccl 
Il<lIll htlrno~t'!II,,'d '1'1('1'11' 11\ l'''-! nid :Wl'r ~l\cclol-IO m1\1 
1 ri" Il!:I, pl! ; l, hu IIcr .1' III t'\Iumlv dC~Cllbt'd [b 1 -\ 

Il l-ltl~ l'tlrtll1!l td rit,. h0l'hIJI/cd .\EF plodULt (.In ,unount 

pIC" Illu\h dl tCllllll\'" ln Imllll\' ~1~!1\h(,\nl dm\lold dcpo~l
llnll II\lhm 2 t- Hl h 1<lJ) Il.1' 1l',u\pt'lIdcd III () 2 ml 01 ~tcllk 
l'Ilo"ph,llc hutlcll'l! "duit' \ PHS) ,Illd .l(!I1I\l1I~tt'led \ la 1 v m
It' 1111\1 t\\I\\t1\IIII.\l11 \\llh () Cl ml \, ul '2% AgNO] slJlution 

h"J~ J"UI n.1i III l ,'uko" te Blolng" "olurne j·l. JUlle 1993 

1 Ild "I~" \~\() ,(jI'IlI"'1 <II Il ~ III~ ()I -\LI ,d"nl l hl'\ 
•• 1 ri iJ"Il'.1 ri III tlll_ ,ttn,' 1,[( !lllil , ,IIHI \\I:r,: ,,[( 1 !II V' cl ,dl':r 

'~JI ,,,1111' 11/11' P' Il''''' '" pl/lIl\( IlI,d 1/111 1 

Detection of secondary amylold depo51ts 

\1 l, .1'1.1 1"1111"11 ,,1. "h '1'11'11 ".l' Il'',1 11\ bulll·ter! lrl~~ 
:' l'II d'II' Ifd" rI,J,,I III JI.l11 !III, ,h, l,j III -1-/1/T1 ." 1 '11111' ,1(1(1 

",' l, -'.IIII',j \\Irli .1\..,,11111 ( ,IJI'.!" 1: • ./ Il'11 [JI' Pli" Il,' 'li 
'Ill IlIlrI Il, 1'1)',1[' 1\,1" dl Il 11111111 ri 111111"" "Ill' ,Iih IJ\ Ih, dl'

·''[l'>II'.!.'I''IILi!.IIIIIc,11111 Ihll,II"ll,111 ,ri \\llhr!l,IIIl

Il, 1 \,,,1111/11 1 Ir ,hl 

ln VIVO phagocytosis and bactencldal actlvlty 

1111" rI.I\' .tli. 1 rltl 11II' (111111 ,d \1 1 dlJ/l, \'~\()I ,d()nl, 

Il: Irrllh \1 j'Inti \'i'\( l, 1 \1" Illnllll,i1 .I111IIl,tl\ \\111 IIllltolJ

I.J" ri 1\1111;; Il)'. 1,j,ql\-lllfllllll<.! 111111, ,II 1 IIlIJlU), 11(J~I'II'l 

1 h, h\1 l' 1I1d 'plll Il'> ,d IliI, 'll't! .llllfll,tl\ \\. /l' 1(',lui 1111 

Ihlll ,dJlIl\\ t"ph,I~IJ(\I"'1 ,llltl)"Illl /lIol/(>()(II(l'IItllJ\ dtll'I-

1IIIIlln,~dlt' IllJlIJ!)I'1 ,,1 \1,11)1, 1))«(I'It.lltllndl\It!\I.d()I~,lll,'jll 

1111/\ III i) Ir Il'PIIII\lh ,illtl 1111'1111111 [HI ')pll't'l1~ .lnrl 

h\ll\ \\111 Il 111')\1,] '!'>('I)Ti(,tlh dnl! iJ"III"'-:"lll/ld III \(crd, 

"tlllil l"I,lb')[1I11I111l ,\ph,) Itl-!Z">III Rh'llllll'-:Ull/lr( 111-

IZ 111\11111111'/1(' IZlIlk\dl,' (.'lItll' \, l "(II.rI Hl-Iold ddll
tlllll\ ,II du ',(. !JIlIllI)'-:"Ilc1(I' \\1 l' pl.n, li IIIl Ir \ plO')!' .I~,l1 (1 l" 

B.I! IU-,I'-:,l! 11llt_1I 1 dh'l!.n\lrIt'- D, li 11ft \11) ,1Ild 101011\ 

1 (!ll/It, 1\1 Il' 1 ()Illlllt il l ,,'ldIUl .tllt'l l:-:-~i-h IlIlulJdtlon'o dl 

;; (' rl\l' ,llll/Il,d, l" 1 t.:"lllIlP \\1 II Il\ll'cI 

Spleen macrophage O2- production 

R, ':'()II'" \\, Il' 1'\.Ul1llllCI III \pknlt lII"lIoph.!~I" trom 
n,lI\{ 1111(, .1'> \\1-11,1\ nll<l Il'>:1tcd 1\1I1t .\1.1' .1Ionc, .\~:-"(J, 

,tI"lll', ')1 \Lr- .md -\t:;~()\ ) d,l\ S pit \ wmh IrH,'r l1,tl '-'\

{l'lllllt'lll,iI P'I\IIIII' 1 ()!lUIl/s (Olhl,tcd (JI Plotco,e pep tOile 

(l'I')-dlutcd PCIIII)lltal m,Ir wph,ll(e, 

"'plt'l'Il (elh \\cre tlu,hui 110tli holatlll ,pleens \\ Ith Ice

l(llcl RP\II Hï Hl ,>upplelllf'nted \\rth () 3 l1H.';/m! g;!lItarrllnC 
.1l1d 50 () nli/ml l;Cl1t,IlI1lllll Red blond ldb \\t'le IV'it'd bl' 
h\ pl'tonlC ,hl1().. UI1 lU' ('el! (hllel Cl1UJUOIl \Id\ c!ctcIllIlneci 
Iltl n t(J'pln "lide, (Sh ... n<loll, St'\\\Ckk\, P.\) 'iulIled wlth 
C;lem'd (DltlQUlk, C.\l1lah, ;"[unut'ill, Quebec) Each ccII 
su,;penslOn Wd, ddJu,tcd ta l.'i '< lOb mac rophagcs/ml III 

RP;-"1! 16-1-0 + lOC;o letal t"lf ~el\lm :-"laClophages "t'rt 

pidted III b- Gr ~-1--1bt bottorn "e1l plates (Lrnbro, Flow 
Laboratollcs, ;"'[cLcan, V\) and punflccI by ,ldhcrencc O\er

mght at 3ïoC, 5% CO~ Earh Lell ~uspcmlOn was ;!,~a ... ed III 

tnpheiltc ln ail Instanc e,. ccl! vlablhtv ,tS establt,hed by 
trvp'ln bluc exclmlOn te,t Wd, > 90-95<;0 Thc cclI rnono},l'yers 
"Cl e > 90% macrophage, ZI, c1etel mlllcd mOl phologlcall ... bv 
Glems.l ,tdm ,wei phagü( ytmls 01 r rnoll0c.rl0ftenes 

ProclultIon of O}- was lTlcasurcd lollolVl!Jg tI C,Htnent w\th 
phorhol myrlstatl' ;!(etate (1)\1:\,0 SIHi/W' relis) for ï5 mlll 
b, the rntthod of Cohen ,md Chovanelc [20J The protem 
wnrcnt 01 ('ach weil \Vas then dctc! llllned followlng œil lysls 
wlth 0 'i N NaOH U~tng the Rio-Rad prC'tcln as~ay kit ['21] 
Results ,1re reporter! a:, nmo\ Ü2-/mg prOlelnl7S mm ± 
SE\[ SI;!u'ittc.ll ,lIlalvsl, wa, donc bv cl t\\o-tatled Mann
WhITnev U test \VIth .1 pl e,cnt plObabrluy le, el of a ~ 0 05 
~lean valuc:> repre,ent data from thrte l'xpcnrncnts 

la surface expression 

Altel aseptlc rernm al, e<lch spleen was ftushed wlth lcc-cold 
RPl\lI 16+0 supplemented \Vith glutamtne and gentamlCIrl 
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\ l' h, cl 1)\ ,t' IH 1 1 Il 1 ~ if l' 'Il 1 1 1 1 l" il, 'II' l'" Illi l ,! III : 1 1 Illi ,'i 

Le'. Illd RP\!l Il,j1) Inlllll' l.t"ill\ "1,, Il, .'llt! ,l, t, 1111111 I

lion III \t.lhI!ll\ II" ,t.III1l'\,1tI'lt'l\ 1 \\( Il 1.' "lllj,ll,h,.! Il'11l'~ 

.1 hl Illll/\IL1l1ltl'l Illd 11IIl-., ,'1 :1\1'1l1 1,11l' 't,Ill! 1"1'" 

oH'1I \1111ç,!tl! "II d1l1'1'lltLd <l'1I1l1' \'111 jlll)'.II'II l' 

Plt'\ 'ou ..... l\ (lt· .... ( tlht'd 1 Idlt'\\ITI~ l' '-11 .... p' Il ..... l\''1 .Il l :lll.d lllll 
ll'IHI.lt\l'1l Id 1-2 , 111' "II, III! \\111111, 1"'\11\1 '1 llllil il 
bUllll1l 1 BS \) 111 1'1\'-, 1 1'1'.,11- \\1 II olllili "1 '1 ", ) 111: 

Pll!lqlll'Ill Itlllll.! !)Iq"llii Il!i,,, 1 Hill" 1 1)1< ~11l"lJI 1 d, 
\\,llt' \!"nttl·.d) IIll 1IIIIlllllltllltlilil '1 III l.d" III:'~ \11' III. Il 

batltlll \\ Ith '-~(\.II 111l11l1111,,,;II,IJ\dlll (, Il>.;1, '-,1'~1111 "1 1"111' 

\ {( ) } 1 tl l , li U l' f1 Il II' l" 1 1111 1'11111. Il'' 11\ ft l,,, l-. III ~ l, l', 1 1 li, 1\ ' 

1 lb I\(ll' l.dltl,d "II' l ,,1\1'11 "lh Ill< Ill'" 1'1111 11,11111'111111 

\1.1,-1 .1!1Id)",1I ,,1111\' \11 ;11 1',,,,111111';' 1 \L'llldllllll 1',1 

lHhcl1111.d 1.1\.11 \ )U, 1)" \ Idl\"" l\illllll \1"11\11', II',J ." '1 

F(,lb l, .I11111 111,,1, I( .dl l'; I.tI'tlr.llItil' , "'ll Il 'II' 1'11'1 

.111c1 II1ICJll"\'111 1,,'lhll" \.111 !l, 1"111'1"11' ,: llllllllil 1111111 

IgC; lCn!.lll ,1111 dJlll.lltlllt'l .11 h Illl,tll 1111\11 "IIi! l.lh,[ 

mg ,llltlbtllh 1.11 1 ~I\ dI!llIltll1 l' dl'ltlllllll<t1 "l'tllll.d 1'1 

scn,d tltIatlllll\ \\,1' l .l! 1 Il'cI "lit 1"1 l', 111111 "Il Il! 1 hl 'l' 
prnpII.l!l' (IlIltll,} Ldl,hll'.:' \\Cl' 1",'p.ll<cl t" lI>IllIl t'>I 

,lutOt!llOII ,l' IHI' 11011'PI" IIIt Illl\dlll'" llHI lldllhrtllll1 ,,1 

bll1chnli clUl' III 'Il lIt hlllllI,III" I,q I.1t li" 1"'1 Ill\< !lI ':l'o)lj' 

-tlxled c.-ll, I\L'I" h"r\ III l" ,,,,:d P.ll.tI'l\lll.tlddl\<!' Ill.! 

,'pt cil .J.L(' llT1t!l .IIl.d'il d "11 1 1 \(.~, .111 Il,1\\ , -l''lll' l' 1 

\\Ilh tht: 1.\"'1\ Il l'lllliI.UllIB(\t()1\ DI, h.11l"1l11 tilt [,,JllI\\lll' 

dav \\ hL'n Illdltcl(UI. Int' II, 1(111 , \ II \'--,1 II" UIllt III "1I1 

sl,tcd ot :)OUI) unit, (JI r.lt '.·«)[llhlll,lllt Il \"', 1 \Ill!.!' Il 

Tholl',and OJl-." c: \) .t<!tllIIll'tl Il'tI 1 P <11\ d 1\' Il .1l1d ~ ,,1 

the (''l'l'lll1\t llt,t1 dt 'Ilill 

RESULTS 

ln VIVO phagocytosis and bactencldal actlvlty dunng 
AEF-mduced secondary amyloldoBIS 

là clt:term1l1t: Idlt:ther thl' .lb!lll\ (lI ,plt:nlc ,Ind Ilt'p.lll' Il,,11 

rophages to ph,UjOl \ t'he ,Uld h.dl r II/o'wn 111I;(l/I's l, ll1odilll'd 
dunng -\t\ hblll depo"'lllun, t;rOllp' 01 lllite \\l'Ie IllJl'tlt'd 
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\\ 1" Illlllld JI,'1 1 l 'f 1'- ,\\ 11( l' \\litl Illl'iiiid \\ li \1 l, ,1 1: '1\\ 
(lk.t t \1'1l1) Il (,! \, l'ri II \1\l \,\\11\ d ... ,1\ \1\11\\ ,1" lit li" 1 \\ Id 

\1 l ,,\ \" \,\) tI,o)·, ,Ill! l' \1'1"'" "' Il, l, ", ,'1 il,. 

Ill< l, ,'.': ,. l,I,I 
" 11\ 1. "'j\!\ t , III 1 lI\t ,1 , !, 

df, l 'Lt LI il llt'll Id .1 .\ , II' , 
" 

[\\!t, 11111 

Il\(·..tllLllt ,1 '1\ '!tr \\( 1 \\i \1 1 \ '\" ) :11 'l, ,1 111'111 Il 

,l, .... plll 11\1' 1'!!llll, Il'' HI"11 dl. 1 1 (/1\ t ,11111' Il ,[ \\, :' 111\\. 

11111'1.1, "1 11111111: " l" l "JlI, \1 l '" \ \,,1 Il.,\'' I, 

Il \11 '~I""I" .\11' ,1,,1\\,1," i" , 'l' tI·l, ,,1. l, "III" 'l'l""" 

111 III h I~ \ '1(\ I! 'lit Illt 1\ [1 tll,\ III \\\dlil i :1·\ 111 ( " \ !,d 
1\1\\ Il \ l' 111 t t 1 1 1 Il \ '\ Il 1 \ [11111 III! l, Il 1 ( 1 II 1 \! Il H (1\ \1 \ \ 1 011 
.... ( l\,d ,1\1111\\' 'ht IIII! 111\1 lit Illid 11\ dit III (II III 1,,1111 

, "1111,,1 ., II' l ' '1" 1 1111' 'II ,1 "" III ,1 

III d,!( [rllll\( ,dH 'III l 'Ill [1 11111\1\, \ Il •• ! 1 111\11 Il''1\ 

'l'l,II., Ill" l"ldll'", dl, 1,,1.1'111'11' \ .. Il, Id l, 1'" "'''II 
dllt III \11 (1 11l,1{!11' 1111\\ 11\ 1 t Il, ) Id lit ,1 Il'illl dll\ \ 

tI", Ii Il 1 Il' 'III" III \' IIi, \ 1 \" \,\ 1 .. , , Iii" 1 1'" 1 d. '1" 

\\,1' TIlt \ .... \111 ,1 (l.lblt 1) lldl 1\11 11111 [11,d, \1'1 1111111 Ilt1,' III 

lftlt.! \\\th \,\(l, d'I[H 1.1 111llllllh!'I1'!"',f[111 '11[1111'1111 

1 1 l, .. " ri .' l" 1IIIlt '1111 It 1" l" , '" l" , 'il' Il,, li' ' 1 1 l "l' l "." 

II-, Il,dlll\,II''' 1.111111 "'.<11111 \111" "tilt 1'\1 \, Iii '" Il, " .. l, 
f • li III (1 Il ( ) r lit ~ 1 t 1 t ri 1 rit t 1 1 l ' , 1 1 1 r ! 1 1 1 l , 1 Il! ) l " 1 1 1 \ ) 1 ~ , 1 1 1 \ \ lit ! ( 

.11)1111.11, \\t l' Il' .11' d" III! i,,,tll \11 111.1 \, ',1), iii' ,1.tI'l 

cri tllt'II 'Idl' Il Ill,\< 1"ltlll'" 1"" l, l' 1) ,,1 1"1'''1' 111 11 

cl t' t Il'.!" d "tJ IIj 1 Il ,,1 '\ Il i! Iii" ,<1 .. Il ,. ,1 Il' ri l , "J 1\ rI" 
\t.;;\() , 111.11111' Il' ':''''Ij' Il,,,, "Idl Il''''' ,1 '1", III III 

.llll\I"Ir!-IIltiIH Ill<' Il' 1111" III \11 1""1 "l, l,l,,, 1 \"",1) 

11lCltltld (J, 1'1""'1' 111111 III 1./" II III" 1"ltI .. ",.' 

1 hl, pdtt, III III l' 111 .. d Illhdllll<lll "," "" 1111,,1 ,1111' 1",1 

,,1 III()' pllldll<ll<l11 \t','111\ Ii" ,'I,,·,I"',["".'I'\< II' ""'/111 

œ lO<lItrl 

o fi hOllf', 

ln vivo Irealment 

FIg. 1 InvlvophJ~ocvtn"I~.lIldIJJ.t!t~n<I(Ld.j(tlvt[" tnt,l)IlPlllnth~ 1",(1/11111" 'lit/ri .lltl ·11 IIII! ~\' J) I()"tf'lllt! ntftUll'1 'II l'Id "Idl l' " 

or AEF alone \tlce wcn' trcltld wlth \f l' ,tnd/f)r '\~'\{)1 1 ,I.t'I\ b,ll)lt~ h"'UB' 11l1'tl,r! "IlL r~ Î ,1)' 1 fIIOlll/f,t'Hl"''', lh, Ifl II/I} Ill! 111f,/ ,'t/ II/d," 

the hver cells was detcrrnlnr'd 30 mm dter lnftlflOn ,tnd dH If} \,\/} hl!" fllld,d l' tl If. J'.l, fil' I,'lflll 'l fJ ! III ri> d, ",d"d III "f l" fi il Illd - .. 1, ,L·.tI 
~ormal mlce dl~pla\ocd r'h.U,,{OLYtiL ,Ind b .. H ttrHld,ll ,H tlVltll) ~IrIlILIi ff) thu')' (Jft, I.,d Ifl Ifll! l '1' H' d ..... 1I1! \1 f Ind/rl! ,\V"I()I 

\1dlrOp",l~" -,<tIV,I!I"" ,'lld fUIIf tHIfI', 1/1 ,""yl""t,,,,, 



Il .. HI 1 1 () {lp,dtJIliI/fl il< \111 rrJph Jl'f 'l !rI ,\1 ! ~IlIrll" 1 d 
J(' Idld te. 'tri 'Jl/jlll/,l'! 

f) ~,r III oJ fIl' • fi ' 

IlInr"I, Il.' 1'''/ 'HI ,~J IIIII! ,1 \1, 
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,,,",,1 

I! d'II,/ 
\ ,() Ilrll" 
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·,111) "j 

.! 1 ï r. ~ 
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,~' 'J l 
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I) rif/Id/II Il',11 ..-.. 1 Ill' ',!lJld 1,(fJ"JJfI~I'Jlhl lIl,d,f)/ld,~lfd"rlb. (11 

'" Il Iljd ( \/'1 111' Il l'flj Il, llh, I,hr 1111/ il ft JlI' )1 (If IIJ1 If,,, • 'li \1 III ft If 1 

l" r '"1'111 (1 Il il d'lIJ' .11111\,11 1 .11 1 J 

J,', dit Illd. b l (II ~ fi 1) 111111 dit. "hl 110' ri \Hh \l''\.() .1"1\1 

.,,, .'iI ,,".p.'Il/l'd 1" .1 .1" r' .•• , III rlit .\~\;( ),-mdult'd 
,,1, .• '1 ,d d .. 1,1",\1111111'1.11",111' /).11,1 IIl>t,III1,d fOI H/)~ 
1,/,.1'1 h',\\"'I, rll" Il,,1 "'.1' li \ll',lIdJ(,ult,· 

la ',llrbce c>-.presslon durmg AEF-Induced secondary 
dlllyloldoSIS 

Il .. "11" 111111 uf .\ l IIllIhlll.tllfll1 .. 1.\1.1 .111<1 \14l\()r (.t~ ,Hl 

'ldl.lIl'"I.1I"I\ ,111111,1<,,) " 1·,[10\\ Il 111 IlIdu(t, .lIl1vl'l/li Il IJII 1 
d'I"I\lII"" 11111111' W,r/1I11 '2 ~-lH "Ill :\~:\'(), .dollt: IIdl Jn' 

l' , l' d 1111" 111111 111.1 p.lI.d'l 1 1'.10\1 P [Il pr/)\ Ici,' ,1 bd~l~ ilt 1 <lllI' 

1'.111" III ,d 1 h, Il'\ 1 1 lit ,II 11\ .111"11 III IpicliiI 1I1.1ClOph,H.t;t \ h.u' 
\, '.11 d 1r""1 .1111111.11\ ,,,,hl' ,lI d tll .1Il ,"I1,Ill'lIld(llr" ~(lIl1l1ll:' 
11111" ,d,,>, 1111 lit ,\1'.1' (hlll~.1 dOllblt 1IIIIIIIIII,t1ll1IJlC'>It.:IH( 
\,1"1"1'.1, 1\1' <1"1' 11111111'" tilt' k\l'l III ,UI LI< l la ,1ll{J~t'1I ,"1.-

1'" "11111 'Ill ~l.(( ,l' ,pl"'11 l "Il, Il,, Ihl\\ '\ IÙllIl'lry, .l'i ,1 
1111 .111'> III 1111111 IIUII 1114 tllt'.J1 t".llIlllI ,tdtt: 01 tilt' Ill,l< ropha~t.:" 
1 .I.J\' .tlt, 1 l ""Il III! lit lit 11111' III \I\tl Rt.:\ldl,> PIl''>I'lItcd 111 
Fil\lllC'.! Il'\'(',11 th,ll 1ll.l.\1I11,tl ,>url,llt' ,'PIl'>,101l ni [,\ ,ml!' 

~'II' h, '>pllllil 111.1< rrJph,I~t'~ 1I111l1ll'clm 1l'~POl\~t' tll the!n
/"'111111 ,,1 '\\{N() 1 .\IOIlt', \\ hllh dm'., nOl Ploduct.: .lnl\'IOId 

d"p""h III tht.: U,'>Ul', \Vht n th!'> lrc.ltll\t.:l\t wa, combrned 

'1"" .11\ 11I1l'Lllllll 01 ,lIl1vluld'll\dlllll\~ .\1',1', hll\\e\er. thcIC 
W.I'> ,omplt-tt' ,lblll14,lllIlll 01 thl' .IUl{lllt:lIttc1 macroph,lgc la 
"'Pl (',~IOll COl\tI 01 plt'IM! .1UOl\' III A E F-frce spleen e"traclS 
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°'0 Mac-' + cells expresslng la 

FJ~ J R,.. ... for !lIU/) 1)1 .... pl!. TI Ill<llll'ph,u:· Il f \fH,.,.,lflll 1ll11lJf! 'reLUt ri \\uh 
\U .1Ild \1i'<,(),I" ln \1\" 11\ 'f Ir. 'li II< III "pie"11 "II, ""IHtt! Ir"lII 

lIIln' l <.1.1\.., altu 'n \ 1\11 tn ttIlH'rH' 11H11( Il,'d ln thr> tll!Uft' 1 lit "'l nhul III 

\tolU lI~lh .lnd \ 1t tl1"l1", l \H Ir prt p,l[ ut lnd Hl,th Ir d J'I dt "'1( lbt d U\ tht 
lt\.,!tlHl ut II~lUt. 2 t)nt. t"~ !hlll ~ft'Up'" 1 lit ,1( le.l"'[ dlltt I1lllt t,\1 hl \\tre 

Tt ,{ui ttlr ~ ,lLh ln IlIlIf tH 

dld l\nt II1t!'rtt'rc \qth the II1fl.mHlhltJOn-lI1chlled LI c\prcs
'1011, ~lIl.(l.(,-"tllll; that dit: ob,cl\ccI dOI\ ll'rt'l.(lllatiun 111 ,ur
(,'ct' la 15 a ,peutie d!t:tt ut ,\[f ,\EF rrC,1tlTlcrJt Il ({hout 
rOl\lOll\Itant \~:\'03 rr c,ltlI\Cl\t lau~t'd a ,lllSht but Ill
Sllil\lllc.tnt IIlCleast: ln la t \'pIC"lfJll Lornp,!n'd IIHh un
(l''.ltcd ,ll11111als (Fl~ 21 

fI,\\'IIl\{ t',t.thll~hed th,l! ALI- Ill,l\ Il\tkt'd do\\n-Ieg'u!ate 
tht.: nOllnal ll\Jcrophal.(t' re'pol\,>e (Il ,llll\,lOI\\.( af,ients, :lt 
Ie..l,t at thc [a k\d, \\c t \,.ullIl1ecl tlte pO',lbJln\, th olt the ob
'>l'Ived du\\n-(('I.(ulanon lI\a\ bt leI,ned to a chal1l{e 11\ the 
degradauon p,lltelll of ::,AA ll'.ldlll\.( tu \\ .Ul1\IOld hbnl 
deposlllOll B" lUl1\bllllT\~ an Il\JeCtloll 01 IF\;-"Y (ln a c/n,e 
prc\ JOush delermlncd to be ~uthclelH to lllduce lI1cre:l,eclla 
e\preSSlon b\ SplentL rnacrophage~ III CS ï BI/6 mlct:, unpub
hshed result'i) wlth our \EF-Ag;-;'03 treatment protocol. \I.e 

-' 
1 

1 

1 

1 

12 16 20 24 28 
.... Mac·' + cells ... presslng le 

I.~ :.! ~1"dlll.llIun 01 'plrcnlll.lCrtlphage 1.1 e"pre'~101l from normal 'Icauv ,tale ln mlce reoderecl amvloldotlc bv trcalment wlIh o\EF and Ag'iO, com
l'"tt\ ".Ih !lII,e trt,lIed "!lh '\g:'\O, or o\èF alone. or a control. ·\EF·free \plcen ."tracl and .\gNO, Spleen tells were Isolared from mlee 3 da\< alter 
1111 IIld" \I,'t! Ircallll"niS C,'II, 1" rt 1"Ilt'lep '\trlt 1.1 and :\01,lC,1 ,peutll .1nttbod,e, . .1s de'Lnbed tn ~latenals and 'l.lcthod<. pnor 10 analv'IS bv tlow cvtome' 
Il \ 1 h" dnllblt ,,"ubn"\' 1,lhel ,I\ICIII dl'ImguI,hes macrophage, e\pre"ml( l" anllt;en on 'helr surfaœ (~IaL'I'I<l') Irom B œlls t ~lac·I-Ia') and ,urlalc 
l, ",-:.111\ e 11101\ Illph.\~c, (~I.Il·1'la-) GI.l!l\llnL~le' and nalur.11 klllcr Lclls. whleh e"pres, onh slllail Q1l311tltleS 01 ~laL'1 anllgen, arc "eaklv ~l<lvl' relall\e 

•

1" IIl.""'ph,,~c' 12!1 Ind dllft'Iore dn 1101 '1.lIn IIllell,cI, .nough ID be Included ln :"I.lL l' deterlll,n<l!lOIlS Scaller gales I\ele \CIIO e"clude d.ad œlls and 
lit hr 1.. I{( 'ult'\ ,ltt' ("{li (..,,,( d Ih .l pt IlcnC.ll1;t nt ~Llvl· ceH, (h,l( ,\te 1.1· o\,c; Indll3tcd on the (' a""I~. analV'its of spleen u:Us trom uncreaced. control rrHce 

"" ,bllh,lI H' -"., 01 :-'LH l' 'l'I''~II ,e1I, .ut: 1.1' und," normal \r~.\{I\' srar~ (:-'S5) wndHlons One ra rhre" ~roup' (OI.III".I,t three nlle< e;)[hl "ere lesrt'd 
!,\I t h h (lr.ltIlH 111 

h'il )tlUIII.II of LCllkllCVIC BlIllng) \ L'Jullie 53, June 1993 
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exhlbH charactens(lc ~reen hlrefnn':{enle undlr POldri/t'd It~ht ( \) , .. rlt"n \lJHH d wJfh ( IHU!,'J R, ri ")pl" rI , r flfJn ... Ir/JIll Il/d fil Ji Ifllfr. d· dr, r,f,r I ... halll! 

blrefrln~ence under polanzed Itght ,e) (B and D) Con~o Rt'rl-'lldIlH d ... plu n \t t tlon, I(fHfI ,Hllf IIJldlll1f lod IHII ff Il' d 11111 l " ,p" Il " l, 1 111/, r l' d Iltl,j, r 
a normal nllcrmcopc Spleen ;cctJom wtre prrpJr,.d ." d. ,enb. d III \1.11' n.J, .\Jld \1, Ih,,,I, 

\façrf)pha~1; .tctlvatlO!l .tlld fil Il , tl(,n~ If} .lInylfJlllfJ\1\ 
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f"llI,d, \111 Il III Idlldd,p" IIH'III' hd,r"r,dlh '1111,11[11111\1 l'p"n JI 

• Ir r, Il r.I' '111,1, r p,d 111/"/ '1 'II~ 

, ," .d,l, 11,11 ,J,!!' L" '/lI' ,,11111 III 1. \1 l ,( (II \\'dl r\~:---;()I 
.tI',11I' ("'~ 1) 111 .. 1'''"I~iI.d, ·.11111111111111 III pOI!IOn, 01 ,plu:1l 
l' 1 .1/1' dilI/III 1111< ( Il' .JI'" \\Ilb .dl Ih" t .Il~tnl" hl)\\(·\t:/ 
1,,,.iI ,10 .. , dt '1"1' Ih, Il' N-r-mdlll' d /1 .,11J1.It!On III rn.\( ro
I,II.II~' II' 'l'l' '11111 III 11111 •. ,,11111:11,11 I( .1 ·\1.1' .tlld ·\5NO !. 
l,l, 1111 .IImlllllllillili d, I)("ltlllll ,1111 (J'(IIIII''' (FII~, la, '[lhlc 21 
III!. li 110/1 Ill' ,11~1~' ,1,111.11 .\/,.r 111<111( ('d dl)\\Il·n·~lIl.!!I()1I <Il 

'1,1, 1111 111.1' 11Ii'1t.t~' .JI 11\.II"JII IIh,u\,d .It tilt' Inl'I ni la l'" 
III' .. 11111 l' 11111 l' LII' .1 II) .dJ!'1 1 .lllt ~,\r\ dt'~1 .tddliOIl leadllll( 
1" \.\ .1111,,1,,1'/ Id" JI dl pO'ltloIl 

DISCUSSION 

1\,1 ,1 d (JII ,tlldlt', Il POII,'cl III thl' Iltt/,ItUIt.! [II, 13]. we pu,tu
l.lr, 111.11 tilt dtl{l<id.ltIOIl ni .1111}lnld p/t'clIr.,on bv macr()' 
l'h.I~I' 1'> .\ (1IlIl.iI 1'\I'nt th,1t P"'H'11I, the CkpnSltlOn 01 
.1111\ Illld !rh, Il., III t1ol1t1.d th,lIC, The proce", OIIlI<llroph,lgc 
.h 11\.111'111 lCl\flhc,> .1 lt'(,'1.1Idted 't'nc, ul chdllt;l" III pIn 5101· 
II~\ th.1t IUlrlllll.II!' III tht' .lbIluv tu t"\('ïute ((Hnple'\ en· 
/VIII,1t11 1t1l1L1101l'> [lB 22] The .lbIllt\ ul .1 mauophal5c 10 
IJI'I lOI III 1 t'rt.lIn ~pl'ulI( !lInUIIHlS, po."lhlv tllc1udlClg thl' 
,k~1.«1.1IIol\ 01 ~t\(\, 1ll.1V thercfolc bt dqwlIdent un rts act!· 
\.ltl()11 ,Llt(' III "[{ht (JI dit' 1.1(t th,1t thc ,lppe,lIanre 01 l'n
dll~(,1I11t1., AEF l' dlll'ctly (Olld,Hed wlth the deposltlOn of 
.111\\ 1"leI hbrIl., ['il .1IleI our preltrnlll..ll\' obscndtlon that 
"l'l('lIlt 1IIal roph.tl{c 'Udoll'C la expre~,tOn l, deercased dur-
11l~ IIH' Itldut.llon 01 ,lIl1ylrlld hbnl depo'ttIon (unpubhshed 
1 l"Idt,», w,' 'll'pcl!t'c1 th,1t AEF molV llldtcd .1I1ect the abIllly 
III thl' m.l( mph.t~e ln bc appropn,ltcly a<:tlvated for the 
,k~I.\ll.lll"n 01 the .1111\ IOIt! pl CCI' t snr, 1t'.ldlIlli ta thc deposl' 
t 11111 III .llllylntd hbl Il, 

B, 1.1l1't' t hl' Illl'( h.lIl1,rn by whllh SAA ane 1lI,lcrophages 
11Itel.l\ t lt'lll.llIl'> ",,1 'lOwn, we I()(u\t'd our ~tudlcs on func-
11"1" \"nowll t,) IJe ('llh.U1led III the actlvated macrophage 
:\ 1.11 1 Ilph.l~e ph.I~(){\ tll and mleroblcldal actlvtt\ was mont
t"II't! b> IhL' ln \1\0 upt'I\"e and kIihng 01 the facultative m· 
t 1,\1 ('llul,\! p,lthllgt'n L 11l0ltOcytogerrfs, wI1Ieh h.ts bel'n shown 
rn he PIO( t,~.,ed Il\' III ,Il roph.rges [H] Our rc,ults Itlehcatc 
th.lt ,\El-', wht'tht'I .ldrnll1\<,t('[{'d .donc 01 tn conj\lnctlon \~llh 
\~NUJ' d"t'~ not .tll('lt (,\thl'I L.ljl<lLltv 

1'IIIIICd .lJld .11 tl\,\(e<l rn,tcrophagc~ t''\hlblt Itl<.rea~ed 
I..! ... I'>I· III n'.\( 11\ (' Il,\ \ g('ll IIlctabohtes [23] 'fI eatment of 
1111111.11, wlth .111 IIIIl.ltIlllI.ltOI v ,lgent, ,uch as AgN0 3 , rcsults 

III eIlh.lllu'd 1I1.IlIOph.I~l' u'\ld,ltl\e rnct.tbolt~m ilSj Our c'(· 
1" 1 IIllt'llt, Illl'.l'lIlllll{ lt'aUI\\' Ilxvgen !lIct.lboltte productIOn 
h\ 'plt'1l11 Ill.\( Illph.l~e' It'\'l'.tlthat \EF dall1p~ O 2- produc-

•

t 1')lI 1" :\~:-.:o l'lIldlll t'd !lI.1clOph.lgcS ,Ind IIl.IV Sl!111IarIV 
.111, (t Il:0: pllldu( UOIl \t thl~ pOllll, l>ne l an ollh ~pcculatc 
.lllllut the fIlt ( h.ltlhtJ\ Il, "hl! h .-\ E l' !lIodlilate~ O2- produc· 
tll'Il It l~ l L'Ill' 1\.IIlIt-, howt'\t'I. (h.1t .-\I:F InhIbItion occur, 

hit! Jnurn'II (lj Leukll~ytc Hllllu~) \nlume;3 June 199~ 

dl tilt' le\tJ of membrane com\loncnts 01 the phagoc.\te 
~dpLr(J' lele'lSl'ntl <lt tn« ~\ ;tem, lor l ... arnpk, by tnterlertng 
wllh ,\,\1)1'1-1 "'lnrlllct.I'L l\(rHbrolllL L .11l1\lCy \\'hen 
.\1 1 Il.!' .\(lrrttrlht"ll'cl Itl tlH' ,lb,cI1Ct' (d t\g:'\03 no 
'lL;lId\(,lllt IIl"dll!(.ItlOrJ III lI1t'talJOhte rtlc,I't' \Va, oh'cl\ed 
.t, (1Jlllp.lft cl \\ IIh t, .\ch ,LIt('. 'lI~l.!;e'Ulll.!; lh.!t thl' rln\\n
II \~lIl.tl"l \ .It !JIln IJI \1.1' " 1!r-,-wlld('nl IJll a (ll!IlUfl1tt..ltlt 
1IIII.ITtllll,ltlJI\ ,tllt1tdll' lt l' ploil.lIJ!e th,11 .\I.f IlChtr ,Ill> 
III ((JIH( Il \\Ilh 'l!l" 1 r.H tlll, Illdu(('d or 111("'Il! lhII\Il~ an 
1tl1l.1l1l11l.1!1J! \ 1 ("IH)lh(' 1'1 ("('It" ,ln lIlhllJlCor\' l'lien (lnl\ on 
lll.!( IlJplt.I~" IL!ldl II cl It"POll'I\I thl[JlIl.!;h Iltll.ll11l!1atn[\ 
)tllllllb "hl, \\(JlIlrI L'\pl.lln \111\ .\l.I' t1lggl'l' \ \ li1Jnl 
c1'p"'ttIIJIl mil\' "hl Il ,ICIIIIIIlI,ttILCIIIt ([Jlljllllltl()n \\\th <lll 
IIlIl.llllllI.ltol\ \tltllulu't 

lI.l\llll{ Ihu, dtttlllllllt'd lhat ,\FI 111.1\ 'l'krtl\l'h alleu' 
'Ollie tIl.1l I()ph.lli' .1Ltl\i\llt,Il-.I''iIJ( 1.ltcd lllllltlon,> but nut 
othu,>, \Ie (hU'C!ll t '\.II11tn(' the dle. t ,,1 ,\LI tllllll.ll rophagl 
,H (llatloll at thl' ph(,IIClt\ pIC Ie\cl 1 Il li l'.! ,cri \II IC d<l'~ II 
(1.1) ,1I1t.\Ct l''\j1ll''toll l' COll'ildl'lld ,\ 1I1.t1!,.c'1 of m,Ilia' 
ph.ll;l' .te tJ\.ltlllll [IR, ~+. 21] .ll1d h thl'Il'Iolt' u,dul 101 
lllOllllOl \ll~ 1ll.lll()ph,I~t' actl\.!t1UIl '>l,ltu, \\e lil~t cOlllpall'd 
,UI Idl l' LI L '\plt'''IlJll Il\' 'plLlllC macrnphell!;L" h.1I \c,tl'd Ilom 
III 1 C!' "lIbjt'l ted to .tnl\'IOirl dep(),lt-Intlllc'\n~ and -nolllllcluc
Illlj tJt'.ltment prutntol, Our (l.lta Illdlc:ltc thdt '\gi\'03 
trt'atlTll'tlt alollt' IndltuI\C 111 raus,nlj amd()ld()<;I~, rt:'tult, 111 

splellir maC! oph.lg' ,Il (1\ ,Illon a't rctlt'ctt'd b\ enhanceel la 
n .. prl~"on OVCI nO! m,li ,tt'ad\ st,lte 'l'hl; InL! e..lscd e' pl es· 
,Ion I~ d.un pcel 01 bloch.ed ln the pre~cn(c 01 AEF The ab
.,cnce ul ,111\' ~lJLh 'bloc\"" III la e'\ pl l'~'IOtl ln mlCl' tr catcd 
wlth \[F-Irl'L ~pketl t''\tl<lC't (oIJt,unl'd Irom control, un
tlcdtt'd mlce) III tCll1Junctlon \\!th .-\g:'\O j ,uggest~ that 
decrr,lsrd la l''\PII's'lon IS allnbut.tble ta -\1-.1' ,Iml not sorne 
COllt.lllllllant ln our -\EF plep<lratron FUlthelmore Il IS Ill

leleStlll1j to note th,l! Ar.F trcatment ,t!onc rc\talt'd a slll~ht 

IllCle.lse 111 la f"pleS'lon lc\c1s mcr Ilolmal ~tt'ady ~tate :\s 
Illdlcated bv our It'splratory bllr~t studle; ACF ,eC!11S to C'\

en an InhlhllolV ctleCl onlv III the evcnt o' a concomItant 
ml1arnrnatory ~tlmulus '\g,lIn, thl' ob~cr\'atlon ma, be 
1 eIated to the faet that .-\LF IS ilmyloldngetllc onlv when ad· 
Illllll,tercd III (cllljUnctlun wlth an tntlammatory stimulus 

Ha\ mg thu;, llll\"cd decreascd splenlc Illderophage la e'\' 
pressIOn to AEF, we luokcd <lt "hether thc obser\'ed "upprc;,· 
sIon of macrophage la expressIOn III thc prescnce of AEF 
played an mtegral role m altered SAA dcgradatlon Icadrng 
ta Ar\ fibnl c1ejloSltlOn By counteractlJlg ·\EF mduced 
down·rcgulatlOn 01 ,plelllc macrophage Id e'\presslOn \Vith 
IFN·" wc were ablc to show that the cHect of Af_F on macro
phage acttvallon status dunng the InductIOn 01 amyloldo'IS 
dt the IcveI of la c'\presslOn IS not nccc~sarv lor thc produc
llon ancl depOSltlOn of AA fibnls lrl the ,plcen ft l, posstble 
that IFN-'Y IllcrcJ.ses la e'\pl esslon by a ddlercnt pathway 
than that whlch may be blocked by AEf Studlcs of thc regu· 
latlon of ll1J.C1ophage surt~'lce la expreS'lOn suggcst that at 
ll'ast four acttvctl1on-assoClated tranSdUc..llOnal SIgnaI ca;,
cades (c g , cA~IP cascadc, Ca2+, and prote,n kllla;,c C cas
cade~) may be tmportant for ItS legulauon [18, 26] It IS 
thercfore concelvable that la exp! eSSlon could be restored bv 
IF;\f-y clespltc contlrlued mhlbttlon of an altel natIve cascad~ 
by AEF Should thl~ alternatlve transductlon cascade also 
medtdtl' SAA dcgraclatlon (1 e , bv transcnptlOllal regulatlon 
of Sr\A metanohc enz\'me gene~), the end 1 e;,ult could be 
that -\EF blockagc or one macrophage actlvatlon pathway 
( ammg aberrant SAr\ degradanon) couic! perslst de~pltc 

replclllshed la expreSSIOn due ta l F2'J-y 
Thc~c ~tudlcS have cstdblI,hcd that, \Il thc plc,cnce 01 .In 

\Illiarnrnatorv stlmulus, AEF sell'ltt'velv modtfies ccrtatn 
aspect~ 01 the ,lcl1\atcd spIelllc mdlropha~e I( 1; probable 



· 1,H AEf mdllces ,IlTlVIOlcl tibrrl depO~ltltH1 h\ .!ltCllllg' the 
lcro[lhar;c lunctlOn It'SponSlble lor nOlll1al 01 .Ibert .mt 

.:,Tl aclatloll al SA:\ St\lcllC~ ~lIch .l~ tho~t' de~t Ilht'd hel,' 
\\ lU pro\ e mast 1 C\ l'.dlng- \\ hen rht' t' '.IL! narlll e ot thi'> tu n( . 
llon has bt'cn rhdl.lrtt'rt/cd 

ACKNOWLEDGMENT 

\\l' tIldnk :--!t~ Pll1~ \\,111'{ lUI hel technlL.1I help '1 hh \\01 k 
.\a;; ,uppoltt'd 1)\ ,1 fil ,ml !tom the ~lt:thc.ll Re~e,lIth COlin· 
Il ut C,lI1,HI.1 (~11:111~5()) 

REFERENCES 

I{ntlm.II1, J ~. lllC"nn, 1 I-I, Lnbt n,' \\,",II,!-\. \ , III n· 
dlll, 1:. P llll{H) \lurtl1t' t1W.lt .1I11\IOIlI plOl"1Il \ \ :'\ Il, 
tertTlillal "-'quence Idt'Iltlt\ IIlIb "llll ont' ot Ihe l"(} "J 11111 
am,IOId prIJtel11 [apo·S,\,\) ~l'nt' pl ,,<Iuc" J 1 \/' 1/1'f1 l'i'). 
64-I-b4b 

:2 ~It't'h. R L, !-In/llll.m, J ~ Bcndltt F P (1IlBh) \Imltlldllt:"l\" 
,l, olle 'enltn alTl\IOld A 1")(\ pc l' ,dcl tl\<'1\ It'Illtl"t! Ittllll lh .. 
clrLlII,ltIc,., 1 hl' .l/er! 16:3, 49<)-110 

3 Glenncr, G Cr (IQSO) ,\111\ lord depo'lf' ,lIld .lIIl\ IUld"'I' -- tht 
beta·hbnllu,cs 1 .\ [Il~/ J 11er! 302. 128l-12~:2 

4- Cuhen .\~. C;tth ... lIt. ES (19/2) Ca'tlll'Iudultd t'pt'IIII1'"
tal alm lUldo,,~ Rt. \lCW 01 dw cdlul,lr .1l\d IIlllllllllOlol(ll,d 
a'ipeLts IhlhorL lehuv f..\p ['ai/lOI 6. 20Î -2'1-'2 

5 ·\\.elr.ld. \1. KI~llev,kv, Il (l'HlO) BlOl()~ll,d (h,Il.lltt'll/oltl(lll ,0/ 

drnvltwl-enhanCIlH( laCIOJ 1 Il 1 In)/"l" alld l 'Tl1'{lJu/llll> 1'10l il ri 
S~mposlUm on -\m"lold!)>!, (GG (;lelll\('l. Pl' (," ... (,1 ,Incl 1 ! 
deFlettits, ed~) E,cclpra \lcrhta, .-\lmttrd.lll1 j2ï -j ri 

6 .\xelrad. :--1. Klslle",kv. R. \\'t/lllIen. J, Chen, ~ 1. ~kllllllr, 
\f (1982) rurther Lhar,lu"ll/a(lOn 01 .llmluld·t'llh.lnl.llll( LIl' 

tor Lab bwej/ 47, 13Q-1 Hl 
ï Kl>llc"kv. R . Boudre,lll, L (1983) KIlH'tIL\ IJI alm'Iold dq"J\1 

(Ion The eflecrs 01 afllvlold-cnhallllIll( jaunE "nd ,pk nt" WEIlV 

Lah Inves/ 48, 53-59 
8 Wohlgethan. J R C,uhcart. r. ~ (1979) \mvl()[d III AiJ lIlILe 1'> 

dctcrmllleci b~ a slnl(lc l(rne Valurt 278, {,)3-1-51 
9 Ge[\al~, F, Hebert. l ,~kamt.lle. E (19H8) AmdOld cnhdlH Illl( 

fdctor productton and rcspome III amvIOld·su>ccptlble dnd 
reslstant strall1~ J LmAoe BIOl 43, '1l1-116 

10 Gueft, B • Ghtdoll!, J J (1961) 1 he site 01 formatIOn ancl ultra~
trllcture of amvlOld Am J Palhol 43. 837 -S5'1-

11 Lavle, G. Zucker-Ftank.hn. D, franklm. E C (19S0) FJa~ta~e' 
type proteases on the surface 01 human blood monocyte~ pos>!' 

Rtld el al 

l,,,, J(1I, 111 IIl1dlll,II,'1l1llllllll 1 /· ... 11.·,,'1 I~'\. 1 1 I~;ll 

12 ~k(,,~( Il, 1\ 1 h"I'I, 111''''11 l '11\ 1\: III \l'IHt l' l', ':11<1111<'11 
III l'Ill\< III :--, \ \ lt' III \ \ Id ... Il 1-: Ill< III 1" 'II \ III<' ,'1 rllt 
1111111\" \ III '111';111 \, ,,')' ! r" '''1','' Il. ,i i 11\\ 

11 hd", \, Ill, \..\'I II 1I1\..1t1l 1) \ 1<1~\ ,\ 111'1'"1' d "',111'1'" l ,( Il 
1t1lHthl[l 1lllf'dt ... dt\lltlPIIHI1{ ,d .... 111 11111\1\ 1111\ Il 1\1 1,I'd"- 1 
I\l' Il,.! Ihl. 1111\ Itl'H 

II Ih-Illu, 1',1.1\11.11.1 Il "111'''IIlIII 1'1 ,I<ln \ 1111111,1111111 

dUIII(l1I ,,/ '1 Il Il'' dl "," 
h \ ptll(qlll"\(1 I.l! III \1\\1 \Il 

'111111111111\ ! f":",, ,', 1 Ill, 
22tltl. ~'~71 

li Il.tI "(1 1 1\\\ ,,'1l:'1 lh'''III'' Il,," I,hll',"'"'' 
ddt"1l1 1 llld dt \t 1 \II t Il III ni fi h t q ,'1 !lt III 

It'C Ill .... III 

lh ".tth.lIl (,1 (lqH~)'lllCl\lI, 1111111111 1,,11 III \\ 11\l'h Il't' J (.'t U 

/'1, t Il ;'). ; III ) '1) 

17 1/(~I1\\111 \{ \1\ \11'1\:1 "Ititl l'l' 1 • .,1",," ",l<ll'l'\ 
"lIll.lll· l''''!,'III'' ,>/ rll' l'I<t!III. ( tlII"'" 1,""111 l,l" ",,1 
t1HlIl'" 111.\Ilt'pItH't Rltlthll! ''-illt ...... \lI\lld 11\11111" .... 1 "\HIIiII 

t tld~ll \ {ll .... t ... 1 t Il \ 1\"II!'" ,111'\ ,11111\" Il 1 1 ~~tl "11'111\' 1111/ '. III 

dl/(ll"" ,,/ Il 1/ 'i' 1/,,: I-tl. 1>lI ,l' 
lB \.1.111" 1)(' 11."11111"11 Il) d'In, \ \1,01" \1111 11.'11,.111' Il''11'' 

llItllt.IIII'III' 1" Idll,!t Il:'\ Illd ,'Ih, l ,11',11 ", l'I~\lIII' 11\ \II" 
ph ,1 <.;' d, \( 1"1'1111111 1'/1"11/1"'; !t'" '17, , " 

l'l l'lit 1111, 1 Il ",,' 1 t 1 1 \ "If, \ l ,1 1111') 1 )11 il" l ""dll"~ ," 

C"ll~" Rlr! 1" ,\11\\1"1<1 1 111>'",1", .. 11/,' /:"" III, ;" i," 
2\1 ( "h, Il, Il J, (it .. \.IIIII' \11 \1'1.HI "1'1" 1",111, ,~""1 111"" h\ 

dl~J{onlll ~lltllld,1I1 d ~t1IIH 1 jll~ l'l.lllt!!ll! \ Il'''' \ 1, , ... \, l," .\ 11111 

tllllllllh .1 ........ 1\ 111111111'"11\1: "!lIt ltl'lIlt 11Ieull,! 111111 Illd lot 'h, 
'11\1<h (d tht lllh,ltltlil Id d'I \',' lit 1 \1\1\\', ... \'dt III 1 (II'/ "~l, ,II 

hl. 11\1\11-111"" 
21 Bl.IIII('ld,:--'1 (1'1,1" \ 1.11'1.1 ,lIld "11>111\1 11\1 dl"tI /1" Ih, '1",111 

IU.IIIUIl \)1 llll' III~I ,1 fil 'Ill 1111 IIIt .... ," lI! t.1r III III dl. 1I11~ ,Ilt 1 Il IlIt 1 l'''' ,,1 fJlortl1t dl, hllldl1l~ /'1,'; /1,,,,1:'11/ 7:2. 'III ',1 
)) Il,,. \1 K. "llilIll~' l '1 \ Il'11\ ') \I.u 1,11111\\111 '1'I,tltllllll\' 

"'IH"""l1 III 111.1' IlIl'h,l'-:" l'''I!lII.III'''\\ ,llItI 1""1", ,llId 'III 

Illfll)othu1rt''llfll' llll,dl/dtlllll HJ Itlf ~pl"11 / Im'fl/llIlIl l'..!B, 
22KI<!2Bh 

2') I"hll\tlll\. RII, JI ll'If!!, IIdl'II11111'II1 ,,1 l'h,II:'''\(I'''' 
,l')"JUdlt d lI'\ltllt!\( fil! ,,!11H11 dl! 1 1 111,111111 \1.1111111 III III Il Itl 

ph".;, .11 11\.111011 11/111,/:,,),11/,,\ \. Il 
'21- Ltlu'>t. \\' l' (1'1'11) \1111, 1 111.11 IJlIlIIlI~1 Il/ 1111111111 \111<, 11.1", Il 

~Cll<" (,'/11 fi,/, 11I1/n/1TI,,1 Il. Ihi l'II 
2:1 'i lhlH'rI 111(. \' Il,1 .IllI\' 1111,1/1, 1 \ \1 , \'''11 d, (;, \! 1. 1 ~. \'1/1 

der flltt,I, \1 Il, V,\lI hlltll, I{ (1"'11) '11/111 l'lotltl' Il''II''~ .t' 

IIv,tlcd mUllll1 111.1< 1"1'11,11( \ l' 'lit 1.11,·, \VII h Ihl Il IIlX"I'!." 
m,l',t.IlIC Jltl"tlV, LI .lnll~'11 "111""""11, ,Ind l'IIIdIl I OIlIl .. 1 
11/)1 IrlLlrl!ln(Jb",III~)I IIH. 'II-Ill ) 

'21) Uhrnl(. R J .. \d,lIlI .... IHl (1'/1\'1) M"I",u!.1I 'V!!II, Illlltl' ,litt 

vatlOI1 uf lI1lllll!!' m.l' roph,II("\ /I~n:tl ,lclwl/\ :.!(" '1-11 




