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A rtpert app«artd in 1982 •ug9«itin9 ■ aharp ineraaaa In plneqftle 

aetlrlty in human aonocytaa aa th«y aatura Into ■aeropha9aa ^  vitro. 

Tha thMia daaeribaa a datailad aicaaination of thia iaaua.

fot iaolating hi^h yialda of aonocytaa from blood, a danaity^^radiant 

■athed uaina Pareoll waa found to ba tha moat auitabla. Nonocytaa, 

eulturad in a dafinad aadlum aupplaaantad with horaa and fatal ealf 

aara, wara found to diffarantiata into aaerophaqaa within ona waak. 

Thia Maturation waa aonitorad and oonfirmad by a nuater of eritariai 

an inoraaaa in, oall aita, in eall pretain, in protain*to-DNA ratio, 

in intraoallular haxoaaainidaaa activity, and in haaoaaadnidaaa 

aaeration in raaponaa to opaoniaad lyaoaani a daeraaaa in paroxidaaa 

activity, a changa in aorphelofy, and tha davalopaant of 

fluorida-raaiatanea to eytoehamioally viaualiaad aataraaa activity.

A Mthod for quantifying pinocytoaia waa davalopad, usinq varioua 

^^^I'laballad tracar ■acroaolaoulaat polyvinylpyrrolidona in tha 

abaanea and praaanca of auraadni vinylamina^vinylpyrrolidena 

eopelymarf and polyatyrana baada, 100 or llOOna in diaaatar. It 

proved difficult to quantify reliably tha eallular uptaka of 

^^^X-laballad polyvinylpyrrolidona alona. Satiafaetery raaulta wara 

obtainad with tha othar aubatrataai uptaka waa proqraaaiva (and 

uaually linaar) with tiea and in aoat oaaaa waa inhibitad by 

oolehieina. Tha polyatyrana beada wara eapturad at tha hiqhaat 

rataa.

Tha pinocytie activity of aonoeytaa waa atudiad at daily intarvala 

ever tha 7 daya of thair in vitro Maturation, uainq ^^^l-laballad
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BfDOCYTM IS

1«1.1, Intreductton

Th* t«ra «ndocytoRia ancoapaaMa two wall-known proeaaaaa« Ttta 

flratf plnecytealat w u  flrat daaerlbad by Lawla In 193t and la oftan 

tarmad *eall drinking", ainea it la how tha call Intarnallaaa 

aittraeallular fluid and any oontainad low aolaeular waight aolubla 

atftarial. Tha aacond procaaa, pha9oeytoaia or "oall aating”, waa 

initially daacribad by Matehnikeff (1M3) and rafara to tha in9aatien 

of particlaa. Pinoeytoaia ia thought to occur in naarly all call 

typaa. It appaara to ba a oonatitutiva i^anoBMne« (aaa balew Saetien 

t.1.4.). Pinocytoaia playa a oantral rola in call phyaiolo^y» baing 

raapenaibla for tha antry into tha oall of a«ny aubatancaa (raviawad 

by dchnaidar at al., 1985 ). For axa^pla warioua protaina» 

Moroaelaeulaa, paptida horaonaa. glyooptotaina and anayaaa ara takan 

up pinocytieally for eall growth« nutrition and davalopaMnt.

In eentraat, phagooytoala ia not an ongoing proeaaa but naad» to ba 

triggarad by oentaet of tha oall with tha aubatrata. Calla 

parfonting phagocytoaia ara noatly apacialiaad oall typaa auch aa 

aaoaba which phagooyteaa to faad, and polynorpha and aononuclaar 

phagocytaa which ara raapenaibla for tha ranoval (by phagocytoaia) of 

bactarla« foreign protaina« oall dabria and doad rad blood oalla.

Such ealla ara tanad "profaaaional phagecytaa**

k nuiriaar of ooaprahanalva raviawa hawa boon publiahad in recant yaara 

ooneaming andooytoaia« inoluding Baataman a Lew 1983i Duncan a 

Prattan, 1985> Hallaan« 19I4> Stainnan at al. 1983t and Hillinghaa a 

Paatan» 1984i





In beth plnooytosi« nnd phaqocytoiif «Ktracnllultr Mttrial l» 

intarnalitad via vaalcular atructuraa foraad at tha cali aurfaea.

Wlth plneeytealai If a aubatrata la capturad by cha vaalela alaply 

alon? alth tha axtracallular fluid, than It la aald to antar by 

fluld-phaaa plnocyteala, Howavar If tha aubatrata la eencantratad In 

tha vaalela ovine to an afflnlty far tha olaraa aaabrana, 

than It « 1 1 1 antar tha oall nera rapldly by what la oallad adaorptlva 

plneoyteala* Lleanda antarlne tha eall In thla adaorptlva aannar nay 

do ao bound althar to non^apaelfle or apaelflc racaptora on tha 

plaaaa aanbrana. Itta lattar (apaelflc) aachanlaa la taraad 

raeaptor-aadlatad andocytoala. Slnllarly durlng phaeneytoala, 

partlelaa that hlnd te tha eall aurfaea (prlor te Ingaatlen), atay de 

ao In a nen^apaelfle «ay or via a apaelflc raeaptor,

1,1.2. Mnocytoala

1,1.2.1. Hnecytle avanta. Tha poaalbla aaquaneaa of avanta 

thought to eoeur during plneeytoaia ara glvan In Figura 1,1*« Tha 

vaalela or plneaoaa uaually forma In araaa of tha plaaaa nanhrana 

tamad oeatad pita* Ualng tranamlaalen alaetren nleroaoopy, eoatad 

pita hava baan vlaualltad aa unique, fuagy, brlatla eeata aituatad on 

tha eyteplaanle faca of tha forming vaalela (Ungawlekall a Branton, 

1912), Tha major atruotural pretaln of tha oeat la olathrln, whleh 

forma a lattlea-werk of haitagen and pentagon unlta (Oeklaferd, 1978) 

Faaraa, 1962). Coated pita hava baan aean In neat oell*typaa, 

aneaptiena being the macrophage and tha erythrocyte* They ara 

thought to bo feel In whleh certain raceptera with attached ligand 

nay ooneantrata prior to Intamalliatlen (Carpentier at al,, 1962). 

Tha formed vealele, whleh nay or may not be ooatad (often depending 

on tha oall*typa), la olaaaloally thought to plneh off from tha



pltiM nsmbr«n« and ■!grata into tha cytoaol. 'Ria coat la thought to 

ba loat rapidly (15 aaconda to 1 alnuta) and poaalbly racyclad back 

to tha call aurfaca. Svan though hndaraon at al. (1976) hava 

daaonatratad ooatad vaalelaa in tha cytoaol by acanning alaetron 

Bicroacopy, it haa baan arguad that auch atrueturaa ara atill in 

continuity with tha call aurfaca* Racant avldanca indieataa that tha 

coat doaa not laava tha call aurfaca and that only uncoatad vaaiclaa 

antar tha eytoaol» For axaa^la, Wahland at al. (1981) uaing 

antibodlaa to clathrln aa intracallular probaa» hava provad that 

aolubla clathrin la not found around tha raeantly intarnaliaad 

vaaiela.

Within tha cytoaol/ pinoaonaa aithar fuaa with aach othar or with 

organallaa callad andoaonaa« aoMatlnas callad racaptoaoMa or 

llgandofMMa. Soaw andonoaaa hava a low pH, which ia probably dua to 

tha oparatlon of an ATF-drivan proton pua^. Thia pui^ waa daacrlbad 

in andoaoBal fractions using 9-aaino aoridine as a proba for pR 

gradiants (Saarmark at si./ 1985). EndosoMs ara ganarally thought 

to ba araaa in which dissociation batwaan raeaptors and ligands 

occurs (raviawad by Yanashlro a Naxfiald« 1964). tha andosoma has 

haan poatulatad as a "sorting araa* for intrseallular traffic of 

ligands, various racaptora and ligands (togathar or alona) baing 

radiractad to othar loci wittv̂ n tha call or back to tha plasma 

aanbrana. Oanarally, tha vaaiclas laaving tha andosoma ara thought 

to fusa with tha lysosomas and thus tha andosoata has baan tarmad a 

pralysosoaml organalla. Howavar it has raoantly baan proposad that, 

although this plneoytio saguanca ia probably tha major routs in 

phageoytaa, in noat ealls nany lic^nds ara tranafarrad diraotly froB 

tha andoaoaia to tubulas of tha transratioular Oolgi, and than to 

lysosoMS if appropriata. Bvidanoa for thia ia that raoapteaomas do



not 9*ii«rally oontAin lytOMOMl ansyMa and art not ttan to futa with 

lyaoaoMa (ravlawad by Nllllnqha» t paatan, 1984). It la thouqht 

that tha 60I9Ì aay alto rapraaant a wjor aorting araa froai «hlcH 

lÌ9anda, racaptora and planata attabrana oeaponanta ara radlractad to 

othar parta of tha oall (Nillin^haa $ Paatan 1984).

Tha nacaaalty for aMbrana racycllng durinq plnocytoaia «aa awda 

avldant by 8talwaan at al. (19.78), folloaing hla aatlauta that In 

aiacropha^aa €8 parcant of tha plaaaa amabrana la Intamalliad par 

hovr. Thla racycling of aaabrana waa latar provad, by Baataraan at 

al. (1981), by followinq tha kinatlca of aaoeytoaia of (^^Claueroaa 

tram praloadad ealla. Thay ahowad that aoat of tha fluid 

Intamalltad waa rapldly ratumad by aicocytoala to tha axtraeallular 

apaea, via a faattaptylnq coapartaMnt whleh waa praauaiad to ba tha 

andoaoaia. Tha raaalndar la tranafarrad to a auch alowar-aaptyln? 

coapartaant, praauaably tha lyaoaoaaa. Racycllng of tha plaaaa 

aaidtrana haa baan daaonatratad by followlng tha fata of tha 

actoangyaa S'^nuelaotldaaa, In varloua eall-typaa (ravlawad by 

Nldnall, 1983). Tha anayaa la known to axchanga oontlnuoualy batwaan 

tha cali aurfaea and tha Intarlor, and tha kinatlca of thla raeyelln? 

corralata wlth tha rata of fluld-phaaa plnocytoaia.

1.1.3.3. Hachanlaaa of aubatrata-aalactlvlty. Subatrataa antarlng 

tha cali In tha fluld-phaaa (l.a. along wlth tha axtraoallnlar fluid) 

do ao In a non-aalactiva Ninnar, ttowavar aubatrataa ara aalactlvaly 

Intamallaad If thay bava an afflnlty for aithar apacifle or 

non-apaclflo raoaptor altaa on tha oall aurfaea. tpaelfic raoaptora 

axiat on anny calla and thaaa blnd avldly wlth ona or nera Uganda. 

Per axaapla tha Mnnoaa raeaptor, whleh la found en a nunbar of ealla 

ineluding tha aononuelaar phagocytaa, racogniaaa aannoaa-tamlnA



glYcoprotaln* (Shepherd et 1982). Muaeroue receptors have been 

docuaented. Including those for growth factors (Carpenter a Cohen, 

1976), lipoproteins (Brown a Goldstein, 1979), transferrin (Karin a 

Mints, 1961), and various glycoproteins (Stahl st al., I960).

Ligands binding to these receptors enter the cell at a greater rate 

than solutes entering in the fluid phase. The substrate's chance of 

being internalised is often farther Increased in that many of the 

receptors are thought to be able to nove laterally within the plasna 

nenbrane and concentrate in coated pit regions prior to 

internalisation (reviewed in Stelnnan et al., 1963).

Plnocytosls mediated by non-specific receptors (i.e. adsorptive 

pinecytosis) was reviewed by Lloyd a Nillians (1984). It is 

generally believed that the adsorptive substrates increased affinity 

for non-specific receptors is due to a number of factors, including 

its hydrephoblelty, charge and else. The importance of 

hydrephobicity was shown by Moore et al. (1977) and also Kooistra et 

al. (1981) each demonstrating that the hydrophobic, 

formaldehyde-denatured bovine serum albumin is cleared by the rat 

visceral yoDc-sae (a model system extensively used to study 

pinoeytosls), and by rat peritoneal macrophages, at a much higher 

rate than native bovine serum albumin. More recently Duncan et al. 

(1962) showed that incorporation of phenolic residues (greater than 

approximately lOmol percent) into the plasma expander 

poly(a,S-N(-2-hydroxy-ethyl)-DL-aspartamids also increased its 

clearance by the rat visceral yolk-sac. Duncan et al. (1964) also 

demonstrated in the same system increased pinocytic uptalce of 

polymers of N-(2-hydroxypropyl)methacrylamide, when hydrophobic 

tyrosinamide residues were inoorporated into the polymer.



tvldane* for th« ii^wrtane« of char?« haa b««n giv«n by Roolstra at 

al. (tMI) «ho ahow«d that rat porltonaal aacropha?«« elaarad tha 

basic N4 iscawr of porcina lactata dahydro?«nas« at thraa tlaas tha 

rata for tha nagatlvaly eharqad R4 isoMr. Llkavisa a cationic 

vlnylaaina-Tlnylpyrrolldena copolyaar was elaarad by tha saow calls 

such aora afficiantly than polyvinylpyrrolidona (PVF) (Prattan at 

«1., 1982). Tha iaportanca of sisa was dsaonstratad by Duncan at 

al» (1980) asin? diffarant-slsad PVP aolaculaa whara, with 

Ineraasin? sisad nolaeulas* an Incraasa in affinity and hanea 

claaranca by rat paritenaal aaerophagas was obsarvad.

1.1.2.3. Kaquiraasnts for pinooytoais. Although as netad abowa, 

plnoeytosis is a oonstitutiT« activity« aany authors have shown that 

it can ba inhibltad. By ualn? low taiysratura« aatabellc and 

cyteskalatal inhibitors« tha plnoeytic claaranea of a nusA>ar of 

aubatrataa by various oall-typas can ba inhibitad (Duncan a Lloyd« 

1978| Prattan a Lloyd« 1979» Starling at al.« 1983). This suggasts a 

raquirasMnt for anargy and tha involvaaant of tha ealls eontraetila 

•aehinary during pinooytoais. Rowavar it is not yat elaar idiathar 

anargy for pinocytosis is darivad frea oxidativa phosphorylation or 

only fro* glycolysis. Although aany inhibitors affaet both 

pinocytoais and phagocytosis (saa Chaptar 8)« soaw aay only affact 

ona proeasa or tha othar. tntarfaron is intaraating« in that in 

tsousa parltonaal sacrophagas it inhibits tha pinocytosis of both 

horsaradish paroxidasa and daxtran-PiTC (daaonatratad eytoehaaically) 

but anhancaa tha phagocytosis of igO-eoatad ahaap rod blood calls 

(Wang at al.« 1984). Also tha inhibition of pinoeytosis was only 

obaarvad in approxiiaataly 90 parcant of tha calls« possibly 

indieating that a sub>populatien of tha ealls was unaffactad. It is 

peasibla that thara is a raguiraaant for oalciua ions during



plnocytoslt» BOTA, • ^Mlatlng Inhibit! pinoeytoci* in rat

paritenaal aacropha^aa (Prattan a Lleyd, 1979), Alao 

triflueparaaina, an anta9oniat of oalaodulin (a protain involvad in 

Ca* tranapwt), inhibit! pinoeytoai! in both fibroblant! and aouaa 

paritonaal aacrophagaa (Shirati a Daan, 1M3). A eallnlar ansyaa 

trana^lutaminaaa nay play a rola in pinoeytoaia, Tha antyaa waa 

ahotm to ba aaaantial for tha cluatarln9 of raeaptora in tha ooatad 

pit! of fibroblMt! (Daaia! at al., 19B0). in addition, Daan at al. 

(1964) poatulatad, in a raaiaw artiela, that tha pn ef tha andoeytic 

vaaiclaa ia iaportant for pinocytoaia to procaad, ainea, in a nuabar 

of oall ayataw, by raiaing tha intravaaieular pH by tha 

incorporation of amina!, pinocytoaia waa inhibited. Daan at al. 

(1964) eoncludad that tha alavation in pR affactad tha fuaion of 

andoeytic vaaiclaa, tharafora alao affecting naabrana flow, which ia 

naeaaaary for pinocytoaia to occur.

1.1.a.4. Btinulatora ef pinocytoaia. Many chanioala are known to 

atiaulata fluid-p)tana pinocytoaia, but in tha najority of eaaaa tha 

incraaea ia not due to an incraaaa in pinoaoaa feraation but to aoaa 

other aachaniaa. for inatanea trypan blue ia known to atiaulata tha 

pinoeytie claaranea ef ^^^l-laballad polyvinylpyrrolidone (FVP) (a 

fluid*^aaa marker) by tha rat viacaral yol)(-nac (Roberta at al., 

I960). Thia aachaniaa involve! tha dye interacting with tha PVP, 

enabling tha lattar to enter tha calla adaor^ivaly. Thia ia known 

*6 "pi99y*back” andecytoaia, a further axaapla being tha ineraaaa in 

tha clearance of PVP by rat paritenaal aacrophagaa in tha praaanea of 

auraain (Prattan A Lloyd, 1963)i dataila of thia Uttar axpariaant 

are given in Chapter 4.



In other initanoee atlaulatlon M y  be due to redirecting the flow of 

« pinocytic eubetrate ee thet aore eccuMiletee in the lyaoeoaee then 

le rapidly regurgitated, thia hea been ehown for the pinocytie 

aubetrate lueifer yellet>, the Mjorlty of which ia usually rapidly 

exocytoaed. However with nouae peritoneal nacrophagea» In the 

preaence of phorbol iiyriatate acetate or horaeradlah peroxidaae, the 

fluoreacent pnrobe wea aeen to acctoMlate in the lyaoaoMa« ita usual 

rapid exocytoais being greatly reduced {Swanson at al«, 198S). One 

exaig>le of a stiaulation of pinecytoaia wea shown by Bennett a Cohn 

(t966), who aiaply observed an increase in the nunber of vesicles 

f o rMd (■Icroaoopieally) when horse nmocytea were treated with 

endotoxin, (this technique has however since been criticised, see 

Section 6*4.€•).

In addition to eheaicala Modulating plnocytoais, the cell culture 

ayaten, particularly the aerua used, M y  also affect the process, but 

this appears to be a substrate- and cell-dependent effect. For 

exaaple dscreasing the seruai concentration appears to increase 

pinooytosis by the ret visceral yolk-saet a greater increase ia seen 

with an adsorptive substrate (B8A) than with two fluid-phase Mrkera 

(FVF and sucroee) (Ibbotaon a VilliaM, 1979). However with rat 

peritoneal Mcrophages, although a sinilar effect is seen with an 

adsorptive M r k e r  (eelloldal gold), with the fluid-phase M r k e r  PVF a 

decrease in the serun ooncentration reduces the rate of plnocytosis 

(Koolstra et al., 19S1).





1,1,3. Phaqocytoili

1 ,1 .3 ,1 ,-  Wmqacytlc «vntt. Ut» Mqu*nc« of «rtnt« I b pha^ocytoali 

h«t boon dttcrlbcd by Mttonun t Low (1 9 8 3 ); Catti« (1984) and 
Sto«««l, (1 9 7 6 ). 1b«r« ar« only two Mi)or «vontt (••• Fl^ur« 1 , 3 , ) ,  
th« firtt b«ln9 th« binding of th« aubatrat« to tb« pha90cyt«. For 

thla to occur th« aubatrat« naada to ba raooqnitad by tha call, thla 

raco^nltlon (tha aachanlaa of which la unclaar) allowlnq tha 

aubatrat« to bind atrongly to tha call, In9««tlon, tha aaoond aajor 

«tap followai paaudopoda (that la, fln9«r-llk« projactlona of tha 

plaaM «aabran«) bagln to aurround tha partida until tha tipa fuaa 

at tha dittai aid« of tha aubatrata, ooaiplataly angulflng it,

Qrlffln at a ^  (1975) propoaad that binding and Ingaatlon rapraaant 

a oontlnueua procaaa, wharaby adjaeant alt«« on tha eall aurfaca 

aaquantially bind to adjacent altaa on tha aubatrata In a 

*ilpp«r*llk«” faahlon, until tha whola of tha aubatrat« la aurroundad 

by plaaata nanbrana, Tha vaalela or phageaona one« fornad antara tha 

cali and futa« with lyaeaoaaa, I^raotoaMl hydrolaaaa ara ralaaaad Into 

tha phagoaoaa Inrlnglng about tha antynle dagradatlon of the angulfad 

■atarlal.

During phagocytoala thara 1« an Ineraaaa In oirygan oonaunptlon by tha 

phagocyta, Thla raaplratory burat m a  flrat thought to aupply antra 

anargy for tha phagocytic proeaaa Itaalf, but It la now known that 

tha oxygen la uaad to produca vary raactlva onygan eatabolitea 

Including hydrogen paroxide, anparoxlda anion, hydroxyl radicala and 

alnglat oxygon. Thaaa product« ara aacratad during phagoeytoala and 

ara a uaaful areaeant for daatroylng other calla (e.g. Invading 

bacteria).



1.t.3«2» Wtchâni»—  of lubitraf«Mltctlrlty» Xi «ith pinocyteslt, 

•pacific rceaptort play an important rola In tha pha9ocytic procasa. 

Prior te Inpaatlen aany subatrataa ara aoâlflad (or opaonlsad) by 

■arm pretains tueh as coaplaMnt« imunoglobullns or flbronactln, 

ail of ahlch attach to tha substrata Itsalf. Tha opsonisad aatarlal 

thon binds to tha phagocyta at pacifie racaptor sltas, for axan^la 

for oo^tlaaant or tha Pc raçlm of tha inneglobulln. This 

opsonisation oftan Ineraasas a substrata's capacity to ba eapturad.

It Is not claar If this Is siaply doa to tha opsonin binding to both 

tha substrata and tha racaptor, thus forming a link batwaan tha two, 

or wbathar tha opsonlns altar tha propartlas of tha partlcla (for 

axaapla changing Its diarga or hydropheblclty). It Is avldant that 

factors othar than tha opsonin binding to tha raeaptor ara Important, 

as opsonisation doas not maka all subatratas squally suscaptlbla 

(Nlchl a Sllrarstaln, t97|). Again Ilka plnocytosls, non-spacific 

racaptors axlst that madlata phagocytoala, also raoegnlslng surf act 

faaturas such as hydroph<Alelty and charga. Nudd • Ngdd (1924) first 

notad that oapsulatad baetarla wars net Ingastad as raadlly by 

phagocytas as tha mora hydrophobic unaneapsulatad strains. Nora 

racantly hydrophobic forças have also baan shown to ba la^pertant In 

tha phagocytosis of both pelystyrana baada and rad bleed calls, both 

ooMKHily used In atuvUas an phagocytosis (Cape at al., 1979). With 

raspact to eharga, One a Awal (1994) ahowad that phagocytic ealls 

(rat paritenaal and llvar aacrophagas) had surfaca racaptors with 

■pacific affinity for anionic partlclast thasa raeapters ware not found 

on othar somatle oalls. Also, Paterson at al. (1984) shewad that 

cationic but net anionic and neutral poly amino acids stimulated tha 

phagocytosis of Itaphylecoccus apldarsddla and suggastad that thay 

acted as opsmins.



In addition to tha natura of tha tubatrata bain? ii^ortant for Ita 

capacity to ba phagoeytoaad, tha natura of tha phagocyta plaaaa 

■aabrana la also laportant. It la qanarally thought that a phaçocyta 

will only In^aat aatarlal that la nera hydrophobic than Itaalf. 

Thraahar at al. (1973) ahowad that a praparatlon of lyi^hoklnaai 

which dacraaaad tha hydrophoblelty of eulturad nacrophagaa, cauaad an 

Incraaaa in tha ealla* ability to Ingaat opaonliad rad blood oalla. 

Thla affaeti which haa baan raportad by a nwbar of authera, la only 

apaclflc for ooaplavMnt-racaptor-aadlatad pha90cytoala and not for 

Fe-racaptor-aadlatad pha9ocytoala.

1.1t3«3. haquiraaanta for Phaaoeytoala. ha with plneeytoala, a 

varlaty of Inhlbitora hawa baan uaad to avaloata tha raqulraaanta for 

pha^eeytoala» It la ^anarally thou9ht that tha binding atap doaa not 

raqulra tai^aratura and anargy« but it la elaar that both ara 

raqulrad for Ingaatlon to occur (tllwarataln at al«» 1977). Tha rola 

of ealcluai during phagoeyteala la not vary claar. Tha praaanea of 

dlvalant oatlen haa baan ahown to ba naeaaaary f<« naerophagaa to 

bind with opaoniaad rad blood ealla and alao tha yaaat Candida eruaal 

(tihar at al., 1981» Narr, 1980). Fared • train (1983) alao ahowad 

that axtraeallular oalelw proaotad tha binding of polyatyrana baada 

to hanatar alvaolar aaerophagaa. with raapact to Intraeallular 

ealeita lavala« Law at al. (1989) ahowad in huaan nautrophlla ualng 

opaonitad rad bleed ealla» that eoMpIa*ant-racaptor«Mdiatad 

phagocytoaia waa not affaetad by changing oaleiun ooneantratlena« but 

that Po*raoapter«a»dlatad phagoeytoala waa« raqulrlng at nlnlaua tha 

phyalolegleal laval of intraeallular ealclua for ingaatlen to eeeur.



1»1.3.4. tti«ul«tof of Phaqoeyto«!». k ntaubcr of factors ineraaaa 

pha9oeytoaisr but tha aachanlaaa oMarlylng tha atlaoLatlon raaaln 

undaflnad. Bndotexln, a aubstanea that was raportad to Incraasa 

plnocytesls (saa Saetlon 1*1.2*4.), also incraasas phagocytosis» this 

has baan shown in bona aarrew-darivad aeusa Mcrephagas (Coopar at 

alt* 1904) and horsa aonocytas (Bsnnatt 4 Cohn, 1966). In eentrast 

Intarfarw), althou^ hawing an Inhibitory affaet on plnocytosls (aaa 

Saetlon 1.1.2.3.), stlaulatas tha phagocytosis of opsonlssd rad blood 

oalls (IgG-eoatad) by aousa parltonaal asero^tagas (Wang at al., 

1964).

Tha affsot of savaral atiaulatorsof phagocytosis appears to ba 

dapandant on tha ags of tha oslls. For axai^ls bohnsaek at al.

(1969) showed that tha enhancing affect of laaln on tha phagocytosis 

of ooi^lasMnt and igO-eoatad rad blood oolls «m s  aost pronovincad 

after hvsMn aonocytas had baan In culture ̂  wltro for five days.

Also tha enhancing affaet of a gluoooortlooetarold, dsxaaathaaona, on 

tha phagocytic uptake of igO-ooatad rad blood oslls by bona 

aarrew-darl«rad ascrc^hagas was suppressed following 1S6 hours of In 

wltro culture (Shatan at al.. 1965).

1.1.4. Soaw unanswered questions

k asjor dlffaranea hstwaan tha two andoeytlc proeassss Is tha need 

for a "trigger”. ptMgocytosls only occurs following tha attachnant 

and raoognltion of a particle« whereas plnocytosla Is thought to be 

an ongoing« oonstltutlva process. The asaet nature of tha "trigger” 

tot phagocytosis Is not clear. Horairar It Is thought that 

intraosllular free oslclun Ions sot as saoondary «sssangars asdlstlng 

phagocytosis. iurfaca stlaull are knotm to trigger tranalant



chui9«t in Intraeallulu fr«« oalelua. For «Kaapltf Toun9 at ali 

(1984), tislng tlta fluoraaeant Indicator Qain 2, ahowad an ineraaaa in 

fraa cytoaolie calcia« iona in tha «ouaa aacropha9a eall-lina J774, 

following interaction of tha calla with liganda for tha Fe-raeaptori 

Tha ineraaaa waa only partly inhibitad by tha axtraeallular praaanea 

of tha ealeiua-ehalator, athylana

9lyeol*bia(0*aaiinoathylathar)N,N,li'N,N'>tatraeatic acid (lOTh), 

Indicating that it waa dua to both calciua influx and «obillsation fra 

intraoallular atoraa (not axeluaivaly «itochondria). Furtharaora 

thay auggaatad that loealitad cytoaolic oalciua ion gradianta wara 

iaportant in ganarating aignala for phagocytoaia* lha gradianta 

probably occur in araaa of tha call in oontact with tha phagocytoaad 

partiela« Sawyar at al. (198S), alao uaing Quin 2, hava daaenatratad 

ragionai diffarancaa in tha oonoantration of oaleiu« iona in reatina 

hu»an nautro^ila and in thoaa «Iqrating towerda and ingaating a 

particle (opaoniaad ay«oaan). R i ^ r  lavala of fraa cytoaolie 

ealeiu« wara apparent in loci where aooM relevant oallular function 

occurred» for axaapla, in tha laaallipodiu« daring ehaaotaxia and tha 

paaudopoda and pariphagoaoaal region daring ingaation. In eontraat 

with tha data of Young *t a ^  (1984), tha incraana in cytoaolie 

calcia« waa thou^t to be «ainly dua to an influx of axtraoallular 

ealeitt«, rather t)tan to both an influx and oaleiu« «^iliaation.

Thaaa diffaraneaa «ay derive fro« real diffarancaa between tha 

apaciaa or oall'typaa uaadt Yeung at al. (1984) uaad a «ouaa 

■aerophaga call-line, wharaaa Sawyar at a ^  (1985) uaad hu«an 

nautrephila.

In centraat to phagocytoaia, pinocytoaia ia thought of aa an ongoing 

prooaaa, with no apparent trigger. Bubatrataa are thought to ha 

captured by tha call aioply baoauaa thay ara praaant in tha feraing



plnotOM. Howtvtr» an ii^Mrtant quMtion rraalna unanawarad 

oonearnln^ tht oonatltutiv* natura of plnooytcMiat what kaapa 

pinoeyteala Aa notad abova, plnocytoala involvaa aajor

aaabrana avanta and la dapandant on aatabolle anargy and 

axtraoallular oalclua. To daacrlba It aa eonatltutlva doaa not la^Iy 

that tt la untri99arad, aaraty that «a do not knew what oontinuoua 

intracallular aianala ara raqulrad te allow plnocytoala to procaad.

It la Wall aatahllahad that an Incraaaa In Intracallar fraa ealeiua 

lona nadlataa a mmbar of oall raaponaaa (Ca^pball, 1985). Racant 

work by Koanl9 (1983a) provldaa avldanca that fraa cytoaolie oalclua 

la Involvad In oontrollln9 aavaral tranaport procaaaaa, Ineludlna 

plnocytoala. Rat kldnay oortax alleaa wara uaad te atudy varloua 

Intraoallular dtangaa durlnq tha ^adranaralc atlaulatlon of tha 

plnecytoala of horaaradlah paroxldaaa. Stlaulatlon of plnecyteaia by 

taateatarona Involvad an Incraaaad Influx of axtracallular oalclua 

and a aoblllaatlon of cytoaolie oalclua froa Intraoallular (aalnly 

aitochondrlal) at<waa. Rlao f<w tha aalntananoa of tha baaal rata of 

andocyteala, aittraeallular oalclua waa raqulrad (Geldatona at al», 

1983a). Koanlq'a qroup alao ahowad that, upen plnocytic atlaulatlon 

by taatoatarona, a tranalant Incraaaa In emlthlna daearbeitvlaaa (tha 

rata-rafulatlng aniyaa f w  tha aynthaala of polyaalnaa) waa obaarvad. 

Rlao a auatainad Incraaaa in intraoallular polyaalna eoncantratlona 

waa aaan, whloh waa naadad for tha atlaulatlon of plnocytoala, along 

wlth tha tranalant incraaaa in lntracallttlar*fraa'oaloiua aantienad 

ahova (Keania at al., 1983b). Ihay hypothaaiiad that tha polyaalnaa 

aarvad aa aaaaanqara to qanarata oalclua alfnala by Incraaaln« fraa 

cyteaelle oalclua (vía influx and aoblllaatlon aa daacribad aarliar). 

Tha raaultant riaa in oalclua lona triqqarlnq tha rapld incraaaa In 

plnocytoala. In auppert of thla thaory, tha aaaa affaet waa obaarvad



follewlnq itlnilAtlon by th« ^'•■draMrfle «9oiilft Ifoprotaronol 

(Koenig et 1983e)« end we* «hown to be inhibited by the 

^edrenergie entegoniet propenelol (Qoldetone et el., 1903b).

Koenig'* work eould be criticised in thet only single tiM'*polnt* 

were u**d to guentltete rete* of plnocytosi* (thus giving no 

indicetion of the kinetics of th* stlnuletion). Also slices of 

kiteey oortex were usedi presuMbly th* preperetion of these would 

yield heterogenous seig»l*s in terse of oell deaeg* end thickness. In 

eddition the eubetret* used wi* not ideeli horseredish peroxides* 

would be repidly degrsded one* pinocytosed by th* lysososel systee. 

Hevertheless th* results ere very interesting end ere discussed 

further in Chepter 9.

An eltemetive eppreech to identifying th* intreceliuler trigger for 

pinoeytosis is to study s eell-typ* in which plnocytosis is net 

present Inltielly but "sterts up” during th* cell's dlffsrentietion. 

On* oen then study events surrounding this onset period.

To ay knowledge, only on* such cell'type is known, th* eonocyte, in 

which pinocytosis hes been reported to develop es th* cell 

differentietes in vitro into th* aetur* oell, th* aecrophege.

•ennett e Cohn (I960) in e study on th* isoletion end properties of 

hers* aenocytes, reported e single experiaent, in which aonocytes 

were observed to hev* little or no aicrosoopicelly diseemibl* 

pinoeytie ectivity for th* first 30 hours of culture in vitro, after 

which vesicle ferastien, fusion and aoveasnt hecaaa progressively 

aor* active. As previously aantioned (see Section 1.1.3.4.), this 

pinoeytie activity was au^aanted in th* presence of endotoxin. 

Likewise« in a aa)or study of changes in lipoprotein netabolisa 

during th* davelopasnt of huaan aonocytes (froa both norasl and



faaillAl hyp«reholMt«relMale Mbjtctt), Knight « 8eut«r (1982), 

r«port • •ingl* txparlMnt In which plnocytocls was Monitorad aa tha 

calla dlffarantlatad. Thay ahowad tha eallular uptaka of PVF to ba 

lew on Day 2 of cultura, but to Incraaaa by approxlwataly flva*fold 

by Day 5, than raaainln^ oonatant up to Day 15, (M.B. calla rafarrad 

to aa Day 0 ara fraahly iaolatad oalla, Day 1 baln^ 24 houra old, and 

to forth), Tha procaaa waa net atudlad further*

Iha object of tha work reportad In thla thaaia (daaorlbad nora fully 

in lection 1,2,8.), was to study to what axtant, if any, pinoeytesis 

eceurrad in tha young, davaleping nonocyta, and to axanina awants 

surrounding this enaat. (Bwan at thin early stage of tha thesis, it 

slieuld ba avntionad that another r a p ^  other than tltoaa of Bennett a Cohn 

(1988) and Knight 8 Beutar (1982) avlstsi Van Forth ^  4l¿, (1979) 

showed no great diffaranea in tha percentage of oells pinocytoaing 

whan ooag>aring aoneeytaa, either freshly isolated ot cultured in 

witre for 48 hours, with freshly isolated Mcrophagas.)

The aanecyta and aacrophaga belong to the ■ononuelear phagocyte 

aystae, and the next seetion of this Introduction daaeribaa the 

charactariatics of this oall'linaage.

m  MONOmCUtM PSAOOCYTl 8YSTBM

Introduction

The aenonuelear phagooyta systaa, praviously known as part ot thè 

ratieuloendethellal systaa, includas all highly phagoeytie 

aononuolaar oells and thair praoursora, Briafly, tha praoursor oalla 

ara found in tha bona aarrow, and theaa gire risa te ■enocytas in tha



blood, «hieh Mturt Into Mcr<^h«9*t. Th* ■fteropha9** «r* found 

•ithor tT—  or fimd In various tltsuat, and hava b««n glvsn various 

na»aa aeeordln^ to thslr location (for sxaapls Kupffar calls ara 

livar BBcropha^ss), Tha systaa has baan ravisvad raeantly by Van 

Purth a Sluitar (t983).

Ilia aacrophaaa la ^snarally thou^t te ba tha aajer funetional cali 

in this systM «ith raapaet to host dafanca» Tha functiona of 

«acrophaasa hava baan rsviawad by dina at al. (1978). Tha 

Mcrq^aaa is baliavad to aet as a soavanaar cali at sitaa of 

inflSMation, rasoving oallular dsbrisr te ba invelvad in tha 

Induotion and tha raaulation ef tha iwuna rasponsa, whara it 

intaraots with various othar ealls (a.9. lyapheeytaa)t to ha tha 

body'a aain dafanea aaainst a nunbar of ■lerooraanlaaa, partieularly 

thosa «ith sianlfioant intracallular staaas in thair lifa-cyclss 

(«•a* Plasaodiua spp.)> and te play an iapertant rola in eontrellina 

tha davalopaant and spraad of naoplastie osila. Nacrophaass ara 

seaatiaaa daseribsd as "aetivatad” or "stiaulatad*. Aetivatad 

■crephaaas ara osila prasant in aniaala that hava baan sanaitisad to 

spaeific antiasns (a.9. andotoxln). As thair naaa iaplias, thay ara 

aanarally «ora aotiva than nomai (or rasidant) stacrophaqa 

populations. Por axaapla only tha "activatad” osila possass 

antituBour activity. Tha tam "atiaulatad" aaerophaaa la osad te 

daseriba osila ^talnad froa an aninal followina tha a^nistration 

of a nen^apaeifie irritant (a.9. Binarsi oli). "Activatad* and (to a 

lassar daaraa) "stlnulatad* osila hava a araatar phaaeeytic oapaeity 

than tha rasidant nacrophaass (Idalaon at al., 1975| finbloon, 198S, 

and North, 1978).



Ha<Bwpolqtlc Cdll Coaprtawnt» tn M u

Piqurt 1»3.

*ln th« aouit lyoqpheeyt« pracursort aril* frca an aqulvalant 
■taa call to tha CFC-MXX, tha aaiua^tlon la that lyipheid calla arlaa 
freai tha CPC-MIX in «an, but unlika tha othar pracuraora thia haa 
net yat baan provad. (Rafarancai Daxtar, 1983).



T>w Origin. Kiiftici *nd f«t* of Hwin Mononucl— r W>«<tocym» 

rti% CUt«le«l Vtir

Fiqurt 1»4.

NB At Md )  ■t«9* upto th« aoneeytt, dirlsion and dlfftrtntlatlen occur. 

Neneeyttf do not proliforat« but dlffartntlatt Into th* M c r ^ a g a  

which la alao non>prollfaratlva.



In ordar to ald in thalr funetlonal taaka» BBcrophaqM Mcrat« a 

nunbar of producta* TTiaaa hava baan raalavad by Davlaa a Bennay 

(1979), and Pa9a ̂  (1978) and Includa varieua ancyaaa» aniyna

inhibltera, tot axaapla^-2>Mcro9lobulin «hlcb inhibíta protaaaaa» 

and a varlaty ot bloleqleally activa factera, Includine 

proataqlandlna, eeleny-atiiulatln? factor, coi^laMnt ooaponanta, 

pyro9an and Intarfaron.

1«2.2» tha ertain, klnatlca and fata of tha aononuclaar phagocytaa

In aan, all blood oalla originata froa a eowon ata*>call vhlch la 

found In tha bona aarrow. Tha eurrant via« of thla haaaopolatle 

ayataa, aa ravlawad by Daxtar (1983), la glvan in Pleura 1.3t> Tha 

ataB>oall la oapabla of aalf>rana«al by altoala and la plurlpotant, 

i.a. abla te qlva rlaa to varieua pre^anltor oalla. tach pro^aniter 

oall la hlqhly prellfaratlva and uaually eeiwlttad to produolng 

pracuraer oalla of cnly ona oall linaaga. Nowavar tha progenitor 

oall that givaa rlaa to tha aononuclaar phagocytaa alao givaa rlaa te 

tha granulecyta llnaaga» It la tharafera eallad tha 

granulocyta>aacrophaga oolony-feralng oall (OM^CPC).

Varieua prooaduraa bava baan uaad te atudy tha klnatlca and nlgratien 

of aononuclaar phagocytaa froa tha bona narrow through te tha 

tlaauaa, Including In vive lahalllng of oalla with [^Nlthyaldlna and 

tha Injaotlon of fluoraaoantly-lahallad bona-aarrow oalla into 

raelplanta (Van Perth 8 Cohn, 1968) Velkaan, 1976). Data froa thaaa 

appreachaa raaultad In tha "elnaaloal* achaaa ahown In Figura 1.4.. 

Thla aubjaet haa baan ravlawad raeantly by Oeugharty a Mekrlda 

(1984), who aaka It clear that eartain peinta ara atlll dabatadi 

thaaa will ha outlined below.



It !• acc«pt*4 that tha ata*^call dlvidaa an4 dlffarantiataa, 9lvln9 

rlM to ooNKlttad pro^aniter ealla (QN^PC)« Thaaa likawlaa glva 

rlaa althar to oalla ooMlttad to tha granuloeyta linaa9a or to 

•oneblaata which ara than ooMdttad to tha Mcropha^a llnaaaa. Tha 

■onoblaat dlvidaai glalna rlaa to two protaonoeytaa* Proaonoeytaa 

divlda 48 hours latar aaoh glvlna rlaa to two aonocytaa. In aanaral 

ona proaenocyta 9anaratlon only la thou^t to axlat, hut Boll (1974) 

daacrlbad a furthar oall>dlvlaion to ylald two ganarationa of 

proaonocytas In nan. Tha aonocytaa laawa tha bona narrow, antarlng 

tha blood, usually within 24 hours of thalr fornatlon. Tha parlod 

aonocytas raaaln In tha blood la about 142 houra (Van Forth a 

llultar, 1982). Tha aenocytaa laava tha blood at randoa, 

diffarantlatlng Into aacrophagaa In tha tlsauaa. Tha tlaa 

aacrophagaa ara thought to raaaln In tha tlaauas is varlabla, ranging 

froa S to 100 daya. Kacrophagaa ara ganarally thought not to 

prolifarata, and tha populations ara thought to ba aalntainad by an 

Influx of aonocytaa. k aaall dagraa of local prolifaratlon la oftan 

apparant thought to ba dua to tha praaanca of lautura dividing calls 

(l.a. proaonocytaa). It la not olaar whathar aaerophagaa can 

raclrculata back Into tha blood during thair llfaspan, but avantually 

thay ara thought to algrata to tha lynph nodas. Van Forth B 81oitar 

(1982) ahowad aacr^hagas not to ba praaant in tha affarant lyaph. 

Thay ara tharafora praauaad to dla in tha lynph nodaa.

Although tha noat eoaaen viaw la that all nacrophagas ara darlvad 

froa aonocytaa, racant avidanea by a nunbar of authora supporta a 

non-aenocytlc origin for tiasua nacrophagas (l.s. aonocytaa only 

glving risa to Inflannatory (axudata) nacrophagas). OasM I DaBakkar 

(1982) atudiad tha cnrigin of nouaa paritonaal nacrophagas, uaing both 

iiawnocytochanloal and (^N)thynldlna laballing/autoradlography





tcehnlquM. Thalr oonclution« vtm thati- parltonaal Mcrophag«« 

darlv* froM locally dividing progenitor oalla which ariaa fron 

apaelfic bona-aarrow ataa ealla not of the granulocyta/aacrophaga 

llnaaga« In aupport of a non-aonoeytlc m^lgln for parltonaal 

aacr^hagaa, aavaral aathera have daaerlbad and charactarlaad a 

bena-aarrow call that la différant froa the progenitor call QN«crc 

and la capable of giving rlaa ̂  vitro to aacrophaga populatlona but 

not to granulocytaa (Chan at al., 1979) Hatealf« 1902)«

1i2«3i Wagulatlon of tha aoaonuclaar phagocyte ayataa

A mad>ar of regulatory atapa have bean daaonatratad in vitro uaing 

human bona-aarrow oalla which, whan cultured In aoft gal, give rlaa 

to both granulocyte and aacrophaga oolonlaa. In ordar for tha 

■taa*calla to give rlaa to tha progenitor eall QM<FC, growth factera 

are raguirad froa oondltionad aadlua (Johnaon a Hatcalf, 1977), The 

growth factor oolonyatiaulatlng-factor (C8F) waa than ahown to ba 

naeaaaary for tha QN^FC to fora granulocyte or aacrophaga oolonlaa. 

CSF haa raeantly bean reviewed by Stanley at al. (1903), Tha 

biological affecta of CSF are aadlatad by a apacific raeaptor. In 

addition to the proliferative affecta of CSF, It la thought to 

atlmulata tha aurvlval and differentiation of varioua mononuclear 

phagocytaa, l.a. bona-marrow-darlvad nacrophagaa, and parltonaal 

macrophagea. A aacondary role for CSF haa bean poatulatad, related 

to tha activation of nature nacrophagaa, for It la able to Incraaaa 

their eytoeidal oapaclty.

A number of other faetora are thought to ba involved In regulating 

tha proliferation of nononuelaar phagocytes and sona of thaaa are 

listed In Tabla 1 • 1 «• It la also evident that many factera aithar



y«ctort «fftctliKt th« — tttratlop of ■ononuel«T ph«qoeyt<i

Factor Bffaet Targat call Rafaranca

Pherbel aatara StiBulatery Henoblaat call- 
lina (human)

Hattori at al»i 1983.

Ratlneic acid Stlmlatery Monoblaat call-
llna (human)

Hattcriat al., 1983.

Intarfaren Inhibition hwan monocytaa Bac)car, 1984.



inhibit or stlMiUt« th* tubooquont Mturatlon of th* nonecyt* into 

tho Mcroph«9«i • f«« of thoao aro littod in Tabi« 1.2., and includa 

tubatane«« «uch «a intarfaron, ratlnoie acid and phorbol ««tara. In 

addition, a nuabar of dlàaaaa «tata« bava baan «hown to inhibit tha 

aaturation of ■onoeytaa to HcrophaTaa» thaaa includa laukaaaia, 

eareinoMa and varioua inflaautory dlaaa««« (DaMuldar ̂  a^, 1983; 

Van furth * Van 8w«t 1983, and Teda at al., 1984). Many infla— atory 

oonditiont alao cauta an ineraata in tha nuabar of iiaiatur« 

aononuelaar phatocytaa in tha blood and tittuaa. Vast diaaaaa atataa 

can alao affact tha calla. Por «xaapla, Salahuddin at al. <1982) 

davalopad an ^  ritro ayataa far long^tara cultura« of human 

Bonocytaa and «howad that tha praaanea of tpatain^Barr virua antibody 

in tha blood draatieally raduoad tha auceaaa rata of hit cultura« 

(only 1 in 10 «ara «uocaaaful).

1.2.4» Bataroaanaity in mononuelaar phayocytaa

Thara ia a waalth of data on macrophaft hataro^anaity, a «ubjaet that 

haa raoantly baan raviawad by Dougharty 8 McBrida (1984). Two typaa 

of iMtarofonaity bava baan eharaetariaad. Tha firat «xiata batwaan 

Mcrephaga population« froai diffarant anatomical «itaai thit 

Intar^population hataro^anaity ha« baan raviawad by Nalkar (1982), 

who daacribad hew oalla froai diffarant «ita« nay bava diffarant 

proparti««. Pleat «tudiaa bava involvad eempariaen batwaan alvaolar 

and paritenaal nacrophaa««. Por «xanpla, tha fermar eall waa 

ahewn to aain «nargy from oxidativa phoapherylation, tha lattar from 

alyeelyaia. Tha «aeend typa ef )t«t«ro9«n«ity ia aaan amon« oalla 

from tha «ama «ita, i.a. intra*population hat«ro9«n«ity. Oiffarancaa 

may ba merpheleaieal, functional or natabolie.



Th« question Kist arise es to the causes of such heterogeneities*

Two possibilities exist. The first Is that distinct subsets exist, 

l.e. oells with predeteralned tissue destinations and/or functional 

capabilities. There Is no ooncluslve evidence to back this 

suggestion. The second possibility Is that only m e  cell-type exists 

which can adapt to the demands of different environments. This 

latter view was amplified by Dougherty S McBride (1984), who 

suggested that heterogeneity could arise from such an adaptive eell 

due either to modulation by various envlronmental/lnflamsuitory 

stimuli or by changes which occurred during the differentiation of 

the eell. Thus In the latter case heterogeneity would be due to the 

presence of different-aged cells In a population, with unique 

age-dependent characteristics. Many changes do occur as monocytes 

mature and these are outlined In the next section.

there Is evidence that the Inter-p^ulatlon heterogeneity described 

Is dus to oslls being modulated by local stimuli. For example 

Ber-Sll et al. (1981) showed that ensyme expression of bone-marrow 

precursor oells could be readily altered by Ganges In the 

micro-environment.

1.2.5. Differences between monocytes and macrophages

Although there )iave been a number of studies with laboratory 

animals, there Is relatively little Information on the 

differences. In form and function, between circulating monocytes and 

tissue macrophages In nan. This Is chiefly due to the difficulty of 

obtaining human macrophages. However, Van Purth et al. (1979), 

using a number of parameters, compared blood monocytes with 

tissue-macrophages Isolated either from the peritoneal oavlty of



woMH undtr^olng l«p«rotcopy, ag tram th« akin following 

"akin'^findow” praparationa (whara aacropha^aa ara allowad to adhara 

to glaaa eovarallpa placad on akin abraaiona)* Calla «rara aalntalnad 

for abort parloda attaehad to oorarallpa vitbln a Lai^hton tuba 

cultura ayataa. Tlaaua-aacroi^aaaa (Glaaaa-atalnad) «ara wch lardar 

than aonoeytaa and axhibltad a ^raatar da^raa of apraadin9, and a 

graatar proportion poaaaaaad roundad nudai rathar than tha Indantad 

nodal apparent In aonoeyta popolatlona» Cytoehaaleal dlffaraneaa 

vara aaan, alaeat all of tha aonoeytaa poaaaaalng paroxldaaa 

aetlvltyi ooaparad with 63 parcant of tha parltonaal aacropha9aa 

(thla dacraaaa In paroxldaaa activity was thought to rapraaant tha 

loaa of tha anayaa froa tha older oalla (aaa later» Section S«1*3«|> 

Nowavar 97 paroant of akln-aacropha^aa daaonatratad paroxldaaa 

activity» althou9h thla nuabar rapidly dacraaaad to 60 percent 

following cultura In vitro for a € hour period. It waa condudad 

that tha akln-aacrophagaa rapraaantad young aacrophagaa« l.a. 

recently derived froa circulating aonocytaa. ilhan aataraaa activity 

waa aaaaurad (eytochaoleally)» although equal nuadtara of both 

popolationa poaaaaaad activity» tha aacrophagaa atalnad aora weakly, 

klao» aataraaa atalnlng waa ahown to be Inhlbltad by aodiua fluoride 

only in tha aonocytaa.

Tha aoat atrlklng dlffaranea waa found whan ooaparlng the oalla' 

ability to phagocytoaa via tha conplaaentTacaptor (ualng ooaplaaant- 

and l^-coatad arythrooytaa) t only 16 parcant of aenoeytaa, but 74 

percent of aaerophagaa, phagocytoaad via thla raoaptor. Thla eould 

not ba attributed to tha nunbar of raoaptora praaant In tha two 

populatlma» aa thara waa little difference In tha nuadwra. Tha 

ability to phagocytoaa via tha Fe* raoaptor did net differ between 

tha two populatlona. klao» tha oalla' ability to plnoeytoaa daxtran



•ulphat* mlcro«oople«lly) 41ff«r*d only tll^tly) this Is

dlscusssd Istsr In Bsction t.2.7.8..

In s nors linltsd study, Blondi st si., (1984) dsserlbsd ths prtssncs 

of prsriously unrsportsd surfses-sntiqsns (rseoqnltsd by two now 

■onoclonsl sntibodlss BMM1 and BhMt) on both brssst*Mllk snd 

pulsenary nscrophsoss, but net on bleed aonocytss, er Indssd othsr 

■onenuclssr phsooeytss (ebtslnsd fron different sites)» The 

expression of these sntlqens on pulsonsry ■acrophS9es, slon<r with the 

dissppeersnee of sntl9ens aore ooanon to the aacr<^hS9e-lines9e, 

Indlosted s sl^nlfleant hetero^nelty st the aeabrsne level anonq 

cells fro« different snstominOlsltea. ibis ooncept of heterocenelty Is 

described In Section 1.2.4», snd Its liS>ortsnce In studying the 

developing aeneeyte is discussed later in Chapter 9. It is clear 

fro« such studies that it is very difficult to obtain nomal, tissue 

aacrophages routinely fro« healthy volunteers. The oslls have 

usually been Isolated fro« patients undergoing surgery, and so any 

underlying disease state oould affect the oells* characteristics. 

Likewise, the Isolation of both skin and peritoneal aserephages 

appears to select tor a young exudate-population. Such cells «ay In 

fact havs been "stlaulated" by the isolation procedure. Also oslls 

Isolated fro« different anato«ltAaites nay be very different to each 

other. Because of such probleas, nost studies on the developing 

Bonocyte involve the isolation of the readily available bleed 

■onoeyte, which is allowed to nature in vitro Into the 

nonocyte-derlved aecrophage.

The transition fro« Monocyte to naerephage ̂  vitro is thought to 

parallel the ̂  vivo situation. This was daaonstrated by Kaamerstrya 

(1979), wtw eoapared hunan aonocytes with hunan peritoneal



■aeroph«9*B< •• Mch w u  wintaliMd ̂  Tltro. Tht two 

frothly-laolatod populatlona thewod dlffonnoot in tho Initial ataqaa 

of oultur#! tha Mcropha^aa having graatar affacter call fonetion 

(a.g. tha ability to dagrada ^gocytoaad Candida albioana» and to 

tuppraaa DHA aynthaaia of targat calla) than tha nonocytaa. Aftar a 

faw daya in cultura tha aonoeytaa davalopad aiailar affaetor 

funetiena and aerphologleal eharaetariatica to tha fraahlyiaolatad 

»aerophagaa. Xdaally it would hava baan intaraating to ooapara tha 

two populationa froai tha aaaa donor, to avoid any donor variation, 

but thia waa not athically poaaibla owing to tha riak of oaualng 

anaaaia.

Changaa daring tha ■onocyta-to^aacrophaga tranaitlen In

vitro

Introduction. Although faw authora hava charaetarlaad 

diffaraneaa batwaan fraahly iaolatad populatiena of huawn aonocytaa 

and «aerophagaa, «any hava raportad changaa oeeuring during tha in 

vitro tranaferaation of aenoeytaa into «aerophagaa. Surprialngly, 

only ona abort ravlaw (Husaon, 1984) haa baan publiahad.

1,2,8,2, Morphological ehangaa. Lawla, in 1925 flrat cultured and

daaeribad tha davalopaant of «acrophagaa fro« a «Ixad population of 

whita blood calla in ineuhatad hanging dropa of huaan blood. 8ha 

noted that aftar about four daya «acrophagaa devalopadt thaaa ware 

■uoh larger than tha other calla and ware phagocytic towarda rad 

bleed calla. C«ll>aaparation and culture tachniquaa have davalopad 

oonaidarably ainoa Lawia'a day, enabling tha davalopaent of 

■aerophagaa in vitro fro« iaclatad blood aonocytaa, and allowing the 

atudy of nuaareua other para«atara.



Horpholo9lcal ehcn?«» th«t oeeur duriti^ th« aonocytM* 

diffartntiatlon Into ■acropha9aa in yltre Inelud* lncr*a««d nuabara 

ef lynoaoaaa (Goldatain, 19S4) and lipld vacuolaa (Oeldataln t 

MeCoralek 1951)« and an ineraaaa in aaabrana rufflinq and in tha 

nuabara of aicrovilloua projactiona and filopodia (Suekaraan at al«, 

1979). Noat atrikinqly tha oalla bacoaa largar aa thay natura 

(Johnaon at al«, 1977), Zuekaraan *t <1979) in agraanant with 

othara daaerlbad tha natura calla aa a hataroganoua population in 

ralation to ahapa and aiia. Tha aerphological eharaetariatiea ara 

diacuaaad in datail in Saetien 3«1«S««

•j

1«2«6«3, Changaa in atructural aarkara

iha axpraaaion of TariQua aurfaea antigana, dafinad by uaing 

nonoclonal antibodiaa, ia theught te ehanga aa neneeytaa 

diffarantiata into naerophagaa ̂  vitro. Fer axaa^la tha aaabrana 

narkar 63D3 dacraaaad, and yat tha propertion ef calla axpraaaing tha 

RLA-DF antlgan incraaaad narkadly aftar Day 0, and than dacraaaad 

(Hainevitt at al., 1993), Thaaa authora wara oaraful te point out 

that tha anpraaaion ef both ef thaaa aarkara waa aedulatad by tha 

praaanca ef diffarant aara, and tha lattar alao by axpoaura ef tha 

calla te lyiqthokinaa and intarfaren.

1,2.6,4. Bieehaaieal dumgaa. Johnaon at a ^  (1977) hava

danonatratad a cloaa eorralation batvaan tha call nuabara and tha 

protain eontant of a nonocyta population eulturad ̂  vitro. Both 

paranatara daeraaaad by approxiaataly SO paroant of tha Initial 

valuaa by Day 4, aftar whieh tha eall nunbar oontinuad to daoraaaa 

(vary alevly), wharaaa tha protain oontant ataadily Incraaaad. Thaaa 

data indioata that tha protain oontant par eall ranaina atabla up to



Day 4« after which It Ineraaaas. Similar data have baan rapertad by 

many authors (Musson at al»» ISSOt Nakaaawara at al«« 1M1| O'Dorlslo 

at al», 1984).

In sanaral, as aonoeytas natura Into naerophaaas thay ara ñora 

natabolloally activa» Bannatt S Cohn (1986) notad an Incraaaa in 

aluooaa utilisation durina tha dlffarantiatlon procass» ituch latar, 

DaNuldar at a ^  (1983) notad an incraasa in thraa aniymaa of 

intarmadiary natabolisn, nanaly glucosa'^-phoaphata dahydroganasa, 

phosphohanosa Isomarasa and isoeltrata dahydroganasa» Iha 

intraeallular lavala of a nunbar of othar ansymas risa as nonocytas 

natura ^  vitro, including lactata dahydroganasa and oraatlnina 

kinaaa (Q’Dorlsio at al», 1984} Loika at al», 1984). Craatinlna 

kinaaa activity was not datactad until tha fifth day in cultura, 

aftar which it incraasad dramatically.

Using cytochamlcal staining tachnlguas, Salahuddin at al» (1982) 

damonstratad an incraasa in non-spacifie astarasa (N8t) activity as 

macrophagas agad in vitro» Musson (1983) furthar shewad that nenocyta 

N8M staining bacana rasistant to tha inhibitor sodlun fluorida aa tha 

calls naturad» Cyclic nuolaotida lavala hava also baan studlad in 

maturing nenocytas by O'Dorlsio at al., (1984), who danonstratad a 

17»fold incraasa in cANF, tfMF ranainlng ralativaly constant. Tha 

cAMVtcGKP ratio Incraaaad dramatically from 2t1 in nonecytas to 9i1 

in nacrophagas, suggaating that cANP nay bs an inportant nadiator of 

call diffarantiation.

Nacrophagas ara activa saeratory calls and various ansynas such as 

plasminogan activator and angietansin^convarting antyma ara sacratad 

to a graatar axtant as nenocytas ««tura in vitro (Ragadala a Brand,
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1981) AndrMton tt •!., 1983)t Th* ■•er«tion of th« lattor «ntya* If 

only attfctfd In ofllt eulturad boyond Day 7. Tha saeratlon of 

■avaral aadlatori of boat dafanca altara aa aenoeytaa aatura in 

vitro, tha Beat Mi l  atudiad baing ooaplaMnt, Cola at al. (1982) 

raportad an ineraaaa in both tha aynthaaia and aacration of 

eo^lanant (C2) during tha Bonocyta^aacrophaga transition« Rewavar 

tha incraaaa m s  not found to approach tha lavai aaan in natura 

naerephaqaa diractly iaolatad fron faraaat b ì1)c, indicating that 

factera othar than thoaa previdad in vitro eould ba raquirad for tha 

naxinal davalopnant of oo^planant aynthaaia in nenoeytaa«

k nunbar of othar products ara only sacratad by Bonocyta/Mcrophaqaa 

oldar than Day 3 to 4. Thaaa includa fibronactin (which haa baan 

propoaad as on opsonin), and alpha'l^Mcro^lobulin (Alitalo at al«, 

1980) Rovi at al«, 1977)« Oldar calls also sacrata a uniqua 

ovar*aulp)utad aalactoaaninoqlycan (Kolsat at al«, 1983)i this 

aacration was latar shown to ba pravantad if tha calls M r s  grown on 

fibronaetin-eoatad diahaa rathar t)Mn plastic diahas (Kolaat at al«, 

1984)« Tha ii^ortanea of tha cultura anvironnant with raspact to tha 

various nhangws is diacuaaad in Chi^tar 9«

1«3«6.5« Functional changaa« Tha naturation of nonocytaa into 

naerophagaa is asaociatad with nany changas in tha ealla' functional 

abilitiaa« Thasa includa a dacraasa in dianotactic activity (Van Dar 

Usar at al«, 1982)) a deficit in accaaaory call function (Nayarik at 

al«, 1983)) and anhanead phagocytic and cytotoxic ability 

(Ravaratr^, 1979, and Wuaat at al«, 1981).

Tha cytotoxic ability of naturing nonocytas haa baan M i l  atudiad 

using n o m a i  or naoplaatio targat calls« Raaulta howavar ara vary



contradictory and a^>aar to ba affaetad by factora tuch aa tha typa 

of sarun praaant» For axaapla ttuaaon (1983) and Andraaaan at al.

(1983) both notad an incraaaa In tha cytolytic ability of nonocytaa 

ovar a 7'day cultura parlod« althoucfh tha timing of tha Incraaaa 

dlffarad alightly. Howavar Baekar (1983) ualng tha aane targat call 

aa Kuaaon found that tha cytotoxic ability of «onocytaa waa leat 

following ovamlght cultura« Tha dlffaranca aay hava baan dua to tha 

typa of aarum aaployad, for Nusson uaad autologoua aarun and Backar 

uaad hatarologoua AB poaltlva (human) aaruai. In addition Backar 

notad that tha cytotoxic ability oould ba aalntainad by ualng fatal 

calf aaruiRf which Andraaaan alao uaad, and could ba anhancad by both 

Intarfaron and andotoxln. Wuast at al» (1981) alao notad an 

Incraaaa In tha cytotoxic activity of nonocytaa In cultura, but 

notlcad oonaldarabla donor*to>donor variation, a point which la 

dlacuaaad furthar In Chaptar 9.

1.2.7, Bndocytoala^ralatad changaa during tha 

meiiociyta»ta"«actaphaga tranaltlon in vitro

1.2.7.1. Introduction, wa now turn to tha ehangaa In particular 

faaturaa of aonocyta/nacrophaga populatlona ̂  vitro, that will 

bacoma tha main focua of this invaatigatlon. In an aarllar Saetlon 

(1.1.4.) wa hava already reported that plnocytoala appaara to develop 

during monocyte maturation, and thla obaarvation la now dlacuaaad 

more fully In tha eontaxt of other andoeytlc avanta.

1.2.7.2. Changaa in plaaaa awrt)rana anayawa. Changaa In tha 

aetlvltlaa of actoanaymaa are of Intaraat, aa tha plaama m*mbrana la 

thought to recycle eonatantly during plnocyteala and la alao 

Intimately involved In tha phagocytic procaaa. For axaa^la tha



•etlvity of th« «ctooniyM S'-noel«otidu« h4C bMn eorr«lat«4 with 

ph«90cytlc functioni Ita •etivlty dacrMtaa upon phagocytic challando 

froa that Maaurad in unehallanqad oallli and thia dacraaaa ralataa 

to tha aiia of tha phagocytic challanqa (Johnaen at al.» 1977). 

S'*nuclaotidaaa turnovar at tha call aurfaea alae oorralataa «fall 

with tha rata of fluid-phaaa pinocytoaia <aaa Sactien 1.I.7.Y.).

Data an tha activity of S'*naclaotldaaa in amocyta/iiacrophaqa 

culturaa ara contradictoryt Jehnaon ebaarvad an 11>fold Incraaaa by 

Day 2, with no further incraaaa in oalla groim to Day 4. Howa«rar 

Kniqht 4 Soutar (1982), Wuaaon at al. (1980) and O'Doriaio at al«

(1984), althou9h oonfirminq tha initial Incraaaa, reportad a 

aubaaquant decline in tha activity, tha anayaa lévala bainq laaa by 

Day 14 than theaa obaarvad in tha fraahlyiaolatad ealla.

Tha antyaa tranaqlutaainaaa haa alao bean iaplicatad in andecytoaia. 

Ita role ia not clear, but it haa bean poatulatad to radiate tha 

eluatarlnq of receptora into ooatad pita (aaa Section 1*1*2,3,), and 

alao poaaibly to play a role in Fc-aadiatad phaqocytoaia in 

Mcrophaqaa (Schroff at al., 1981). Tha level of thia anayaa 

ineraaaaa SO-fold ^ring tha aaturation of tha aonoeyta ̂  vitro 

(Nurtaugh at al., 1984).

1.2.7,3. Changaa in lyaoaoaal anayaaa. ha aonocytaa aatura into 

aacrophagaa there in an incraana in tha intraeallular activity of a 

nuabar of lyaoaeaal antyaaa including, 8*glueurenidaaa, 

^•gluooaaainidaaa and lauoina-aainopaptldaaa (Sackar, 1984i Nuaaon, 

1983> Na«fnan at al., 1980). An ineraaaa in acid phoaphataaa ia alao 

^parent, up to 80«fold batwaan Day-1 and Day-7 aonocyta/aacrophagaa 

(Nawwm at al., 1980), but tha reportad timing of tha inoraana varían 

greatly battraan authorai Suckaraan at a ^  (1979) noted that tha



IncrtaB* occurred on Day S, wharaaa Backar (1984) obaarvad tha 

incraaaa on Day 1*

Incraaaaa In tha aacratlon of lyaoaonal antynaa hava baan raportad 

durlnq tha dlffarantlatlon of sKmocytaa to macrophagaa, aoat notably 

In tha aacratlon of lyaoiyaw. Lyaetyaa aaeratlon Ineraaaaa by 

10-fold up to Day 7 and by 30-fold up to Day 14 (Zuckaraan ̂  al.» 

1979).

In eontraat to tha raporta ahowinç an ovarall Incraaaa in lyaoaoaal 

anayaa activity during aonocyta aaturatlon» Johnaon at al. (1977) 

ahowad an Initial and auatalnad dacraaaa In lyaloparoxldaaa activity 

ovar tha flrat thraa daya In cultura. Thla dacraaaa parallalad tha 

dlaappaaranca of paroxldaaa qranulaa nonocyta culturaa (Gordon at 

al.» 1974). Tha rola of thla aniyaa In nononuclaar phagocytaa la 

dlacuaaad In Saetlon 3.1.3..

Tha ralaaaa of lyaoaonal hydrolaaaa fro« varloua aononuclaar 

phagocytaa haa baan ahown to ba graatly atlmlatad by oartain 

phagocytic atlaull, l.a. thoaa with chronic inflanaaatory potency auch 

aa lyaoaan partlclaa • thla raaponaa la not aaan In fraahly laolatad 

Monocytaa but oceura aftar aavaral daya In cultura (a.g. Knight a 

Boutar» 1982» Wuaaon at al.» 1980). Kurthar dataila of thaaa 

axparlaanti ara given In 8actlon S.I.2..

1.2.7,4. yc-raoaptor-«adiatad phageeytoala. All nononuclaar

phagocytaa poaaaaa aurfaea raeaptora for tha Te raglon of 

iHauneglobulln» l.a. tha "Fo-raoaptora*. Fc-raeaptora raoognlia 

aatarlal opaonliad with tha IgO elaaa of antibody auch aa XgO 

eoatad-arythrocytaa (tlgQ). It la ganarally agraad that tha ability



to tntecyto«« via th« fc-r«e«ptor Incrtaiaa aa nonocytaa 

differentiate 1« vitro (Andreeeen et al«, 19S3» Muaeon, 1983t Nawaan 

et al«, 1960)1 the actual percentage of eella In^eatlnq 6I96 uaually 

reeuine atable, but the nuaber of BI9G8 Inqeated per cell Increaaea»

The Increaae In Fe-receptor-aediated phaqocytoela often occura around 

Day 3 of the aonocyte/aacropha9e culturea. Weuat et al« (1981) 

ahowed that thla Increaae In ^ a 9ocytoala waa due to an Increaae In 

the nuaber of receptora, rathar than to Ineraaaad receptor avidity.

In addition a new type of Fc^reoeptor reooqnlaed by the aonoclonal 

antibody 368 hao been ahown to appear on Day 3 on a proportion of the 

aonocyte/aaerophage eell population (Fleit et al., 1982). Yhla new 

receptor waa alao expreaaad on 55 percent of freahly iaolated 

pulaonary aaerepha^ea.

In oontraat to theae increaaaa, daiaovlta et a ^  (1963) reported the 

■table expreaaion of the Fe-reeeptor during the 

■eenocyte-te-nacrophage tranaition. They alao noted an effect of 

■erua on ita expreaaion, in that oalla cultured in hunan aerua, aa 

oppoaed to fetal oalf or bovine aerua albwün, did not expreaa the 

receptor to aa great an extent.

1.2.7.5. Coapleaent-reoeptor-aediated phaeoeytoeia. Onllke the 

Fe-reoeptor, which la expreaaed by all aononuelear phagoeytea, the 

coa^leaent receptor ia often only expreaaed at oertain atagea of 

differentiation of the eell. Three diatinct receptora exlat, CR^, 

Citj and CRj, each reeogniaing different foraa of the third ooaponent 

of ooapleaent. The expreaaion of the CR^«reeeptor ia atable during 

the Mturatlon of eonocytea in vitro (Xneda at al., 1963, Naiaovita 

et al., 1963). With theaa atudiea only Day-0, Day-1 and Day-7 eella



war* tasted, and tharafora any change batwaan Day 1 and Day 7 aay 

hava baan undataetad, Howavar tha axprassion of tha CRj^racaptor was 

shown to appear in amoeytas following tha first thraa hours in 

culture (Inada at al., 1983). With tha CR^-racaptor an initial 

daclina in its axprsssion was noted in stenoeyta/aacrophaqa cultures, 

followed by a raeovary which oomancad on Day 3, Mxinal expression 

being reached by Day 10.

Phagocytosis via tha oonplanant receptor is usually asasurad using 

erythrocytes coated with and coag>laiaent. tt is gsrarally thought 

that tha ability to ingast ooiqtlaaant-coatad erythrocytes via tha 

c«^>laaant-racaptor appears during tha sMturation of amocytas into 

aacrophagas, usually around Day 3 (Nawaan at al., 1980i Nusson,

1983). As indicated earlier. Van Purth ^  (1979) showed that a

higher proportion of huaan peritoneal aacrophagas ingested 

coaplaaant-coatad erythrocytes than did blood aonocytas. Nawaan at 

al. (1989) recently obtained huaan peritoneal aacrophagas and 

axaainad oonplsaant-racaptor-aadiated phagocytosis in fractions of 

increasing aaturity (separated by 1g velocity sadiaentation). They 

showed a aaturation-dapandant ability to phagocytosa via tha 

coiig>laaont-racaptor, in agraaasnt with tha previous studies.

1.2.7.6. Non spacific phaaoeytosis. Studiss on non spaeific 

phagocytosis by aaturing aonocyta culturas ars not vary coasion and 

oftan oontradictory. Tha discrapancias aay bs due te tha diffsrsnt 

aubstratas usad or to diffarancas in cultura aystaas (i.a. adharsnca 

V. suspansion culturas). Por instanoa Van Dar Naar (1982) using 

suspsnsion culturas of huaan SDnocytas showsd ne signifieant incraasa 

in tha ealls* ability to ingast two Btaphyloooceus spp. over a 21-day 

pariod. Howsvar a nunbar ef authera using aAiarsnt culturas notad an



InerMsa Ln ph«9ecytle ablUtf u  aonocytM Mturndt for •xni^l« 

Od«9M rd *t ( 1904) using Cnndidi tlbicsnt as th« substratsr 

Bonnott • Cohn (1966) using Stsphyloooecus slbus snd Spssrt 4 

BilTsrstsin (1985) using syaossn* Intsrsstingly ths ingsstien of 

syaossn eo— mess snd ths ■snnoss*'rscsptor sppssrs on Dsy 3 in 

»onocyts/Mcrophsgs eulturss. This» snd ths fsct thst ths i^sks of 

tyaossn is inhibitsd by yssst aannsn» Issd Spssrt 6 Bilvsrstsin

(1985) to ooncluds thst ths psrtiels is phsgocytossd vis 

nsnnossTSOspters •

1«2.T«T» Bsesptor-ssdistsd snaocytosis (pinocytosis). As «onocytss 

•sturs into iscrophsgss ths sxprsssion snd setisity of s nuabsr of 

rscsptors involvsd in rsosptor-asdistsd sndocytesis Asngss. For 

sxsa^ls by asssuring rsdiolsbsllsd dsgrsdstion products of various 

^^^I*lsbsllsd lov dsnsity lipoprotslns (LDL), it has bssn shorn thst 

ths activity of ths LDL-rscsptor» which binds nativs LDL« dscrssssd 

as ths Bonocytss satursd, whsrsss ths activity of ths nodifisd 

LDL*rsesptor which rsoognitss aodifisd feras of LDL» incrsassd 

(Fogslaan st al., 1981» Knight 6 Soutar 1982). Knight 4 Sostar 

(1962) pointsd out that ths Incrsass in ths activity of ths lattsr 

rsosptor» eeincidsd with tha inersaas in phagocytic ability of ths 

osila.

Shsphsrd St a ^  (1982) followsd ths elsaranos of radielahsllsd 

aanness-tsrainating ligands by ths asnnoss-rsosptor in various 

aononuelsar phagocyts populations. 8hs ahowsd that huaan alvsolar 

aacrophagss ingsstsd via ths asnnoss-rsesptor» whsrsas ths htmn 

aonoeyts-liks osll'lins 0937 did not. Also frsshly isolatsd 

aonooytss did not sxprsss ths rsosptor until Dsy 2, ths activity 

bsing grsatsst on Day 5, than dsersaaing slightly ovsr ths nswt 2



days« Shaphard augçraatad that thla raductlon in Mnneaa-racaptor 

activity aftar Day 5« nay oorralata with tha calif prograaalng bayond 

tha atata of noraal Mcrophagaa» tinea activatad nacrophagat alto 

axhibit daeraatad raeaptor activity (Btakowiti at al./ 1981)*

1.2.7,8i Fluid-phaaa pinoeytotit» Onlika tha andoeytlc procaaaat 

juft dateribad, vary littla haa baan rapertad on fluid-phata 

pineeyteaif at nonoeytaa Matura into aaerophagat ̂  vitro. It haa 

alraady baan daacrlbad <aaa Saetlen 1*1.4.)• how plnocyteaia ia 

thought by two authora to "atart up" during aonoeyta dlffarantlatlon. 

Bannatt 4 Cohn (1968)« iaolatad horaa Monoeytaa froM blood ualng 

albuMin gradianta« and Malntainad tha calla in "Laighton-tubaa" in 

aadiun aupplamantad with 40 parcant nawborn ealf>aaruM. Thay 

daacrlbad hew vacíela formation and fualonwara not Morphologically 

dlacamibla until aftar tha firat 20 hourt of cultura ̂  vitro. 

Batwaan 20 and 72 houra« tha pinocytie activity bacaaa prograaaivaly 

aera activa. Knight a Soutar (1982)« iaolatad human monocytaa from 

tha blood and "buffyeoata" of normal and familial 

hyparcholaatarolaaadc aubjacta« uaing tha gradlant matarial 

Fieoll'hypaqua. Tha oalla wara malntainad in plaatie walla in madiun 

aupplamantad with 20 parcant autologoua canim, tha madium baing 

changad on Day 3« Binoeytie activity waa aaaaaaad by maaaurlng tha 

uptaka of ^^^I'laballad polyvinylpyrollidona (WB)« a fluid-phaaa 

markar. lhay daacribad how Day-2 calla damonatratad a lew laval of 

plnoeytie activity, yat by Day 5 calla wara eapabla of taking up fiva 

timaa mora BVB, than tha youngar ealla. Thara waa no further 

ineraaaa in pinocytie activity ovar tha naxt 10 daya, and no 

diffaranoa waa ebaarvad batwaan tha normal and dlaaaaad aubjacta.



tn oontratt to thoi* two ttudloi, on« study 1« reported In which such 

« drestle increeee in plnocytlc ectlwlty is not evident u  the oelle 

■eture. Ven Furth et (1979) cultured hunen blood aonocytee 

(ieoleted usinc Fiooll^hypeque ^rediente)« for to 49 hours in 

'Leighton tubes* in aediaa supplenented with 20 percent 

heet'inectivsted newborn eelf-serua, renewing the asdiu* daily* 

Finocytoels was dsterained aorpholocieally usinq dextrin sulphate 

over this period* Only a very sliqht difference in the pinocytic 

ability of the oell population was seen, ^roxlastely 70 percent of 

eells pinoeytoeinq on Day 0 after 0 hours incubation with the 

substrateI 92 percent after 24 hours and 95 percent after 48 hours 

incubation respectively* It was also reported that the peroentace of 

aonoeyta precursor eells (the proaenoeytes), which plnocytoeed, was 

slailar to the aonocytes* With the fully differentiated cell the 

aaerophage, depending on the site of isolation, 70 to 85 percent were 

found to be pinooytioally aetiva.

1*)* AIMS or Tnsis

As discussed earlier (see Section 1*1*4*) it is not clear froa the 

data, whether or not pinoeytosia develops as aonocytes mature* The 

data of Knight a Soutar (1982) and Bennett a Cohn (1966), both 

suggest that a draaatie increase in pinocytle activity occurs as 

aonoeytea aaturei Van Furth et al» (1979), indicated only a slight 

increase in the nuaber of pinocytieally active cells* The priaary 

aia of this study is thus to use the ̂  vitro aonocyte-to-aaerophage 

sedai, to resolve the doubt surrounding the onset of plnooytosis in 

the developing aonocyts, and to study events surrounding this 

possible onset*



Th« problm in using such s aodsl, it thst ant nttdt to bt etrttin 

thtt tht etllt do in ftet atturt in tht ̂  vitro cultura ayttat 

ai^loyad. It it avidant fro* tha praviout Saetiont and

1.2.7,), thtt a Vida variaty of ehangat occur at nonocytat natura 

into atcrophagaa in vitro. Onfortunataly nany of tha dtangat 

raportad ara in contradiction to aaeh ethar, and nay only ba 

•xprattad by a proportion of tha call populationi thata tharafora do 

not rapraaant good "naturation narkart". Hovavar, fron tha changat 

docmantad, it it apparant that tavaral ara eo«on to a n u ^ r  of tha 

atudiat. Thara hat tharafora davalopad a concantut of opinion at to 

which changat nay ba utad to atcartain nonocyta naturation. Such 

narkara includa tha calla ganarally baooning largar and nora wall 

tpraadf tha lost of paroxldata activity) tha acquirad ability to 

phagocytoaa via tha ootplanant-racaptori an incraaaad tacration of 

lytotonal ansynaa, and a furthar Incraata in anayna ralaata t^on 

phagocytic challangar an Incraata in tha protain eontant par call 

(folloaing tha first faw days in cultura)) and tha eytochanical 

danonttration of non>apacifie*attaraaa activity baconaa raalatant to 

iithibitien by todlun fluorida (hndraatan ̂  al. > 1983) Johnson at 

tl., 1977) Mutton at al^, 1980) Van Oar Maar #t al^, 1982) and 

Zuekaman at al., 1979).

A na)or part of ay thaaia it eoneamad with studying nany of tha 

paranatara givan ahova, in ny eall'tyatan, to ba oartain that tha 

nonocytat ara truly naturing into nacrophagaa.





2.1. INTRODUCTION

Many of th* Mthoda uaed ar* outllnad balow but« for aoM of thaaa 

Mthoda« tha axact dataila of tha proeaduraa ara glvan in tha 

appropriata Chaptara. A faw of tha aathoda aaployad ara daacribad 

aolaly in tha relavant Chaptar. Unlaaa otharvlaa atatad, Analar-9rada 

chaaleala «rara uaad and oparationa parforBad at roca taaparatura. 

Aaaptie tachnlquaa «rara aaployad «rhara nacaaaary. Glaaa«rara «raa 

atarlllaad at 1.05Kg/ea^ for IS alnutaa« and aadlua 199 and varioua 

addltivaa atariliaad «rith flitar ayatoia (a«̂ >pliad by Mllllpora 

Corporation« Naaaachuaatta U.8.A. and Sartorloua Inatruaanta Ltd.« 

Surray« U.K.)«

2.2. EXPERIMENTAL METHODS

2.2.1. Saparatlon of human blood on danalty gradlanta of Parcoll

Tha aathod uaad to obtain blood aonocytaa ualng tha danalty-gradlant 

aatarlal Pareoll (au^liad by Pharaacla Fina Chaaieala A.B.« Uppaala, 

Siradan)« «raa aa daacribad by Partoft at a U  (1980). (Latar« a 

Bodlfiad varalon of thla aathod «raa adoptad, «rhlch la datallad In 

Sactlon 4.5.). Kiaian blood {20ea^) «raa collaetad Into avacuatad glaaa 

tubaa (lOca^) by vanlpunetura of donora« «rho «rara alraady giving 

blood for routine blood taating. Tha blood waa tranafarrad Into a 

glaaa oontainar (20ca^) containing thraa bant paparcllpa and gantly 

agitated (IS ailnutaa) to dafibrlnata it (fibrin adharaa to tha cllpa 

thua preventing clot formation).

Into duplicate conical plaatle tubaa (12cm )« Pareoll (4cm i adjuatad 

to a danalty of 1.076^i/eB^ In 0.1SM NaCl) «raa placed. Daflbrlnatad



blood (7c b  allquoti) waa carafully liy«r«d ovar tha Parcoll and tha 

tubaa eantrlfugad (1S*C> 8 O O 9 ; 30 Minutât). Thia cauaad tha rad 

calla and ^ranuloeytaa to aadlMant te tha baaa of aaeh tuba. Abova 

thea «ara tha aaparatlon fluid and tha aaruM (upparMoat), and at tha 

Intarfaea wara found Mononuclaar calla in a citarly diacarnibla band. 

Thaaa calla «ara collactad ualng a Paataur pipatta and «aahad ( I O O 9 )  

10 Minutât) in MadluM 199 (prewarMad to 37*C> ai^liad by Gibco 

B u r < ^  Ltd.f Uxbrid9a< O.K.). Tha cali pallata «ara raauapandad and 

coMbinad in a known voluMa (uaually 1 to 2c b ^) of pr««arMad cultura 

MtdiuM (Madli» 199 containin9 100,000 unita panieillin>atraptoaycini 

fun9iaona 2.i)xq/cÊ?t 9antaMycin 200p9/ai^} fatalcalf and horta aaruM 

(haatinactivatad, 10 parcant «/« of aach)t auppliad by Fio« 

Laboratoriaa Ltd., Hartfordahlra, O.K.) and tha auapanaion tarmad tha 

"Mononuclaar cali praparation” . SMall portiona of thia "Mononuclaar 

cali praparation" «ara uaad te datamina cali viability and tha 

Monocyta yiald and purity, aa daacrilMd in Saetion 2.2.5. and 2.6.5., 

tha raawindar «aa introducad inte a cultura ayataM aa daacribad in 

Saetion 2.2.7..

2.2.2. Saparatlon of huMan blood on dunaity gradlanta of Wycodana

Tha Mathod uaad to obtain blood Monocytaa ualn9 t«o diffarant danalty 

Hycodana (au^liad by Nya9aard a Co., Oalo, Nor«ay) 9radlanta, «aa aa 

daaeribad by al. (1983). Huaun blood (lOc«^) «aa collactad

into tTacuatad plaatie tubaa (So h ^) containin9 dlaodluM BOTA (14m 9), 

by vanlpunctura of donerà «ho «ara 9ivin9 blood for routine blood 

taatin9 . In dt^ilieata, 3c m ^ portiona of Nycodana (aithar «ith a 

danaity ef 1.0789/c h ^ or 1.0699/c m ^) «ara placed inte conical plaatic 

tu)>aa (12ca^). Antlooagulatad blood (3c m ^ aliquota) wat layered over 

tha Nyeodana, and tha tubaa oantrifuqad (2509> 15 Minutaa). Rad



o«lli and granulocytaa aadliMntad to tha botto« durlng 

cantrlfufation, diraetly abova «hich waa tha aaparatlon fluid with a 

plana layar upparMSt. At tha Intarfaca of tha lattar two waa found 

a band of aononuelaar calla. Thaaa banda wara collactad and tha 

calla waahad in «adloa 199 (prawarmad to 37*C> lOOOgt tO

alnutaa). Tha auparnatanta wara dlacardad and duplicata cali pallata 

wara coablnad and raauapandad In a known voltaa of cultura Mdlua 

(uaually 1 to 2ca^j prawamd to 37*C). Thaaa "«ononuclaar cali 

praparatlona" wara uaad to dataralna cali wlablllty and tha aonocyta 

ylald and purlty, aa daacrlbad In Saetlon 2.2.S. and 2.2.6..

2.2.3. Saparatlen of hu«an blood ualng daxtran

Tha Mthod uaad to obtain blood aonocytaa by "daxtran-‘aadla«ntatlon'' 

waa aa daacrlbad by Ooldblatt at a ^  (1978). Hunan blood (20en^) 

waa collactad Into avacuatad plaatlc tubaa (lOai^) containing tha 

anticoagulant haparln (100 unita, auppllad by S l ^  Chanlcal Co.,

O.K.) , by vanlpunctura of donora who wara giving blood for 

routlna blood taatlng. In dt^llcata, daxtran (4oi^f 4.5 parcant w/v 

In PBSr a.w. SOO.OOOi au^liad by sign Chaailcal Co., Doraat, U.K^ 

waa placad Into conlcal-bottoMd plaatlc tubaa(20ca^). Haparlnlaad 

blood (10«^) waa c.ddad to tha daxtran, and tha alxtura Incubatad 

(37*Ci 20 alnutaa). Tha rad calla aadlaantad to tha botto« of tha 

tuba, laavlng a whlta-eall-rloh plaaaa abova. Thla plaaaa waa 

tranafarrad to conlcal-bottoaad plaatlc tubaa ( 20c«^). iqulvoluaa 

■adlu« 199 waa addad containing haparln (5 unlta/o«^) and tha tubaa 

cantrlfugad (600gt 20 nlnutaa). Tha auparnatanta wara dlacardad and 

tha cali pallata waahad In plain «adlu« (10«^) by cantrlfuglng aa 

abova. Tha auparnatanta wara dlacardad, and tha pallat «Ixad with 

HH^Cl aolutlon (9o«^ of 0.83 parcant w/v NH^ci and 1c«^ Tria buffar



(pH 7.65)), «nd «llowcd to stand for 8 alnutsa at 37*C to lysa any 

raaalnlng rad blood calla. Tha lysad rad blood calla «ara rMovad by 

a furthar cantrlfugation (aa abova). Tha di^illcata cali pallata wara 

co«blnad by rasuapanalon in a known voluaa of cultura RMdlua (usually 

1-2«^). This "«ononuclaar cali praparation" was usad to dataraiina 

cali Ylabllity and tha aonocyta ylald and purity, aa dascribad in 

Sactiona 2.2.S. and 2.2.6..

2.2.4. Dataralnation of tha total whita-eall count and tha 

parcantaga of iwioeytaa in human blood

Tha total nuabar of whita blood calla in fraahly drawn huaan blood 

(dafibrinatad, hapariniiad or containing IOTA) was datarailnad uaing a 

Coultar countar (Modal ZB1, Coultar Ilactronica Ltd., Hartfordahira, 

U.K.). Iba parcantaga of aonocytaa was datarainad by axaaining 

Giaaaa-atainad blood aaaara. Blood saaars wara praparad on 

graaaa-fraa aicroacc^ alidaa. Saaara wara air>driad and fixad in 

■athanol (100 pareantf 15 ninutaa). Tha aathanol was than raplacad 

with tha Qiasaa stain (1 drop of Giaasa stain in lea^ of watari 20 

■inutas). Saaara wara waahad with diatillad watar and axaainad 

■ieroacopically (x400 and xlOOO). Tha parcantaga of whita calla 

racogniiad aa annocytaa (i.a. larga calla with a aingla purpla 

kidnayahapad nuelaua and pala blua cytoplasa) was calculatad, 

following tha axaaination of 200 whita blood calla. Having tha total 

nuabar of irtiita calla in tha blood and tha parcantaga of thasa which 

wara aonocytaa, it was poasibla to caloulata tha initial nuaibar of 

■onocytaa in tha blood aaaplas.



2.2.5. DtffliKtlon ot c«ll viability in "■ononuclwr c«ll 

pfpTatlont"

Th* viability of tha whlta blood calla In tha "aononuclaar cali 

praparationa" waa dataralnad using tha trypan blua-axcluaion taat 

(Tullia, 1953)i trypan blua doaa not panatrata Into living calls. In 

a anali tuba 10 drops of tha "nononuclaar call praparation" waa 

placad, trypan blua (1 drop of 1 parcant w/v) was addad and tha 

nixtura incubatad (27*Ci 10 nlnutaa). Tha auapanalon waa axaainad 

niereaeopically (x200)t atainad calls wars daanad daad and unatainad 

calls viabla.

2.2.6. JUaaaaing tha nunbar of whlta blood calls and tha nonocyta 

purity and yiald in "nononuclaar call praparationa*

Using Naubauar counting chanbars, whita blood call counts wars 

parfomad (in duplicata) on saaiplas of tha "nononuclaar call 

praparationa” (axaainad nieroseopieally at x200). Tha parcantaga of 

whita calls that wars nonocytas waa datamlnad by aieroseepical 

axanination of 200 whita calls in Gianaa>atainad snaara. Thaaa 

saaars wars praparad as daaeribad in Saction 2.2.4. for blood snaara, 

but tha stain waa appliad for a shortar pariod (7 adnutas).

Tlia yiald, or pareantaga of nonocytaa racovarad in tha "nononuclaar 

call praparationa” fron tha original blood aanpla, was astinatad 

according to Lab at al. (1983).





ì.2,7, t— ding of *«ononucl»ar c«ll prtparttlofn" tnd proctdur* to

obtain ■onolayr eultur«» of twmocyf/«acrophàqtt

"Nononuelaar eoli praparatlona" «aro auapandad in cultura nadlum (aaa 

Saction 2.2.1«) to a final dantity of 1 x 10^ calla par ca^. Into 

althar Lai^hton tubaa (containing glaaa or plastic covarsllps)» or 

individuai «alla of a 24-wall Linbro plastic cultura piata (supplied 

by Pio« Laboratories Ltd.« Hertfordshire« U.K.)« «ara placed Ica^ 

portions of call suspensions. Incubation of tha vassals «as 

coMMneed at 37*C in an ataosphara of airi CO^ (95 percenti S 

perçant). Aftar a 2.5 to 3 hour pra-incubation period« Boat of tha 

s»nocytas have settled In their vassal and adhered to either tha 

covarsllp or tha base of tha «all. Hon-adharant calls «ara raaovad 

at this tlaa by gently aspirating off sost of tha culture aadiun« 

using a lon^fom Pasteur pipette attached to a aachanlcal puap.

Into each vassal «as placed I.Oca^ of culture nadluii (pra-waraed to 

37*C) «hleh «as laaadlatadly raaoved by gentle aspiration. This 

«ashing procedura «as rapaatad t«lca aora« and finally 1.0ca^ of 

culture aadlua added to aach vassal. Incubation «as continued at 

37*C in airi CO^ (9* parcantiS percent). Those calls raaalnlng in 

culture beyond one «aak had half of their culture aadlua replaced by 

O.Sca^ of («araad) fresh culture oMdlua at this point and, If 

necessary« at «aa)cly intervals thereafter.

2.2.8. Hethods for identifying aonocyta/aacrophages in culture

2.2.9.1. Worphological Identification. On Day 1 and Day 7, 

aonocyte/aacrophages growing in Llnbro «ells «ere air-dried« fixed 

and stained «1th Oleasa stain, as described in taction 2.2.4.. The 

stained aonolayers «ere examined alcrosoopically (x 1500)i 200 cells



m r« ax*ain«d and tha parcantaga of ealla idantlflad aa 

■onocyta/aacrophagaa (aa daaerlbad aarllar) racordad.

a.l»i.2. Cytochaailcal idantlftcatlon. On Day 1 and Day 1, 

■onoeyta/aacrophagaa groan in Lalgtiton tubaa (containing glaaa 

eevarallpa), wara taatad for ««naphthyl acatata aataraaa activity, aa 

daaerlbad In tha 8 1 ^  Taehnleal Bollatln No. 90. It m a  naeaaaary 

to uaa a glaaa aurfaea, alnea tha acatona In tha flxatlva muid 

dlaaelva a plaatle aurfaea. Brlafly, tha covarallpa m r a  raaovad and 

placad In a Ceplln jar (dark glaaa), to which flxatlva waa addad 

(eltrata^aeatona^aathanol) 30 aacondar roo« taa^ratura). Tha 

oovarallpa wara raaovad and waahad gantly with dalonlaad watar and 

alr>drlad ( approxlMtaly 20 alnutaa). Tha eevarallpa m r a  ratumad 

to tha Ceplln jar, te which tha "atalnlng raaganta” had baan addad 

and Incubatad (37*C> 30 alnutaa). Tha oevarallpa m r a  raaovad, 

waahad In running tap-watar (3 alnutaa) and eeuntaratalnad In Nayar'a 

haaautoxylln aelutlen (10 alnutaa). Tha cevarallpa mr a  waahad In 

tap-watar, alr>drlad, Bountad In DTX and axaalnad •Icroaooploally 

(xlSOO). Tha praaanca of blaek granulatlen Indleataa aataraaa 

activity, a charactarlatle of WMtonuelaar phagocytai. (N.N. 

lyaphecytaa vary raraly peaaaaa aataraaa activity). Sedlva fluerlda 

(I.Sag/cB^i auppllad by Slgaa Chaaileal Co., Deraat, O.X.) m a  

Ineludad In tha atalnlng raagant In Mtchad céntrela. Thla la known 

to Inhibit aataraaa activity In aonocytaa but net In tha satura 

■acrophagaa (Muaaon 1983).

2.2.8.3. Tunctlenal Idantlflcatlen. On Day 1 and Day 7, tha 

phagocytic ability of amoeyta/aacrophagaa In tlnbro mlla waa 

aaaaaaad aeeerdlng to tha Bathed of Nlehl at at. (1976). 

Pelyatyrana baada (lOpli 1.1^ dlaaatari auppllad by Slgaa ChaBloal



Co«f Dori«t, 0«K.) M r* *dd*d to cultur«« for t20 ■inut«*. Th* e*llt 

Mr *  th*n w**h*d twle* with PB8 in th* utu«l w*y, th*n fix*d with 

glut*r*Id*hyd* (2 p*rc*nt in PB8f 60 ainut**r rooa t*ap*r«tur*). Th* 

■onol«y*r* M r *  *x*ain*d aicroflcopically (xlSOO)i 200 eoli* M r* 

*x«Bin*d and th*y M r *  d**Md ■onocyt*/a*croph«9** if th*y h«d 

int*rn*lii*d four or aor* polyityr*n* b*«d*. (M.B. lyaj^ocyt** *r*

net phagocytic)•

2.2.S.4. >hotoaicrogr*phy of aonocyto/McroptMn*« during cultor*.

On D*y 0 and Day 1, Bonocyta/aMcrophag* cultura*, grown in Linbro 

Mila M r* waahad twic* with PBS (prawaraad to 37*C), air>dri*d, 

fixad and atainod with Giaaiaa atain a* daacribad in Baetion 2.2.4.. 
Stainad colla. M r *  axaminad «icroacopically and phetographad (x300) 

uaing a 3Sm  caaiara attachaant (loaded with a panatoaiic 7x fila), and 

fitted with an auteaatie axpoaur* unit (20 ABA).

2.2.9. Aaaaaaing th* nuabar of adharant aonocyf/aacrophagaa during 

cultur*

Monocyta/aacrophag* oultur«*, growing In each typ* of cultura vaaaal 

(i.a. Linbro M i l a  and Laighton tubaa with glaaa or plaatic 

coMralipa), M r *  axaainad on varioua daya, uaing an inMrtad 

aicroaeep* fitted with a Whippl* ayapiac* 'x3' j). Th* nuabar of 

adharant calla waa datarainad according to Johnaon at *1. (1977)t

direct call count* M r *  aad* in a i ^ t  randealyMlactad area* of a 

■tandard aia* (i.a. th* area within th* largo aguar* of th* Whipple 

ayapiaoa). Th* aaan nuabar of adharant calla wee axpraaaad aa a 

paroantag* of th* adharant calla counted on Day 0.



C«lll wart exaalntd alcrotcoplctlly (x300), uaing an invtrttd 

■icrotcopt fltttd with an tytpltet gratleula. Tht arbitrary alia (In 

unita) m a  dataralnad dally for 40 ealla (randoaly aalactad). A 

ataga alcroMtar waa uaad to calibrata tha graticula ayaplaca« thua 

allowing tha unita to ba convartad into Blcroaatara.

2 .2 . to . Quantitation of during culture

2.2.11. Counting eall-nuclal

Tha aathod daacrlbad by Unkalaaa and Blaan (197S) m a  uaad to obtain 

call lyaataa containing nudai. Calla mra carafully waahad with 

thraa changaa of loa-eold PBS (pH 7.3, I.Oca^) ualng a Paataur 

plpatta attachad to a «achanical puap to aaplrata tha waahlnga. 

Triton X-100 (O.S parcant w/w in PBSt containing 5 milllaolaa/litra 

of athylana diaainotatra acatic acidi O.loi^) m a  addad. Aftar 5 

■Inutaa tha lyaata waa raaovad and dilutad In iaoton (Coultar 

llaetronica Ltd., 10«^).

Tha nuabar of nuclal in call lyaataa mra countad uaing a Nodal ZBI 

Coultar countar fittad with a 70pa orifica, aat with an aapllfieatlon 

of 32 tlaaa, an apartura currant of 1/2 aA, and a lomr thraahold 

lialt of 9 (arbitrary unita). Tha lattar valúa waa calculatad for 

huaan aonocytaa (Oay-1 oalla) ualng a atandard calibration procadurai 

thla valúa datarainad tha alta laval abova which oounta mra 

raoordad, and thua avoided aaiall particlaa auoh aa duat being 

countad.



Th« Mthod d«terib*d by trvln «t (1981) ««• ua«d to Mtljut«

DMA. C*lli war* mah^d aa daaeribad in tha prarieua Sactlon 

(2.2.11.). To lyaa tha calla, watar (2S(Î 1) «aa addad and oalla 

aonieatad (aaiplltuda lO^i 15 aaconda) on an iea-bath ualng an N.8.I. 

aonicator. Call aaaplaa vara tranafarrad Into haat>raaiatant 

Luekhaaa tubaa ualng a Paataur plpatta« trichlereaeatle acid (TCA) 

addad (10 pareant, «/«» 250 pi) and tha aaaplaa atorad oaarni^t at 

4*C( to anaura cc«plata pracipltatlon of acld^lnaolubla aatarlal. 

8aaplaa vara than eantrifugad (20 ainutaa» 4*Ci 3000 rps). Tha 

auparnatanta «ara carafully raaovad ualng a Paataur Pipatta and 

dlacardad. Tha praeipltataa wara auapandad In TCA (5 parcanti 4*C> 

50(^1) by vortaxing. Sa^laa «ara hydrolyaad at 90*C for 30 alnutaa 

and coolad on loa. Baaplaa «ara cantrlfugad (aa daacrlbad abora)i and 

tha auparnatanta containing aolubiliaad DMA aldahydaa raaovad and 

aavad at 4*C for DMA dataniinationa. Tha pracipitataa «ara ratainad 

at 4*C for pretain datarainationa )>y tha aathod of Lowry at al. 

(1951).

DMA datarainationa «ara carriad out within 4 houta. To tha aaaplaa 

wara addad lOOpl portiona of a fraahly praparad aolution of 

3,5-diaainobanaoic acid (200 ag/ca^i daeoleriaad with norita) for 1 

hour (60*0. To atop tha raaceim) hydrochloric acid (1 aolar, 2ca^) 

«aa addad. Iha flueraaeanca «aa datarainad uaing a Parkin-flaar 3000 

fluoriaatar (axcitation filtar 380nai aaiaaion filtar 520rai).

2.2. ta. D tfr» lM tlo ft  of c*ll-D m

Standard aolutiona (1*2(^1) of DMA (Typa It ealf thyauai Si^ta 

Chaaieal Co., Doraat, U.K. t lag/ca^ in 1 aolar aaaonlua hydroxlda) 

wara praparad and takan to drynaaa at 60*C. TCA (5 pareantt 50<)pl)



A typlcil tundrd cury of fluorwnct w l M t  D m  conc«ntr«tion

rlqure 2.1,1.

DMA fig

Badt point roprtsonts th* M « n  of tripllcAt* dotorBinatimt.

Th* axact datalla of thii txporlMnt art 9lvan In Saction 2.2.12.



l>»l«tlon«hlp b»tw— n th« dilution of « m «p 1« tnd tb« fluor<ic«nc*, 

for th« DMA ■ ■ M y

Flqur* 2,1.2,

Each point rapraaant* th* M a n  of triplicata datarainationa. 

lha axact dataili of thia axpariMnt ara givan in Saetion 2.2.12.



wai added to each preparation and theae were hydrolysed aa described 

above, and subjected to the assay procedure in order to construct a 

standard curve. Coabined. saaples of water (250 ̂ 1) and TCA (10 

percent, w/v 250^1) were also included in the assay to confira that 

neither contributed greatly to the fluorescence Measured. 

Investigations were also carried out to eonfira that the reaction 

rate was directly proportional to the aaount of OHA included in the 

assay. For the latter, several DayH) saaples of the soli^ilised DNA 

aldehydes were pooled and diluted in TCA (5 percent).

Figure 2.1.1. shows a standard curve of fluorescence against DNA 

concentration, which nay be seen to be linear within a range of 

1>20pg DNA. Control saaples for the TCA were very low and thus these 

values were net subtracted fron sanple values. Figure 2.1.2. shows 

the relationship between the dilution of a sanple and the 

fluorescence. It aay be seen that the extent of the reaction is 

proportional to the aaount of DNA.

2.2.13. Deteratnatlon of lysosoaal ensyae release during phagocytic 

challenge

Apart fron a few nlnor nodifieations the experiaental procedure 

described by Knight i Soutar (1982) was used in order to neasure 

lysosonal entyne release frea cells challenged with either opsoniied 

syaosan or (unopsonised) polystyrene beads, and unchallenged cells.

2.2.13.1. Freperation of opaonised syaoean. iyaoean ( 8 1 ^

Chaaical Co., Dorset, O.X.) was suspended in PBS (38ng/ea^), and 7m^ 

of this suspension placed in a stoppered glass container and boiled 

foi 1 hour, with agitation every 10 ainutes. The sterilised solution



than washad talea with n s  (1600gi 15 alnutaai 7oi'*). Than P M  

(7ai^) and fatal calf aanw (14a^) «ara addad to tha eyaoaan and 

opasnlutlon (i«a. coating with co^lanant and IgG) achiavad by 

Incubation at 37*C for 30 ainutaa. Although tha procadura daacribad 

by Knight a Soutar (1082) uaaa htaun aarua, fatal calf aarua waa 

aaployad inataad, ainea tha formar haa baan aaid to yiald opaoniaad 

ayaoaan which ia toxic to calla (Laoni, 108S)> Onca opaoniiad, tha 

ayaoaan waa waahad for a furthar thraa tiaaa, finally raauapandlng 

tha pallat in t)ia "axpariaantal aadlua" (aadiua 199 containing 

2.5ag/cn^ of bovina aarua albumin)» to giva a final ayaoaan 

ooneantration of 38ag/ca^. Thia waa atorad at •20*C» prior to usa.

2.2.13.2. Praparation of polyatyraaa baada. Polyatyrana baada 

(8iqpw Chaaical Co. Oorsat» O.K. > llOOna diaaatarr 10(yi) wara waahad 

thraa timaa» as daseribad abova» and finally raauapandad in P M  and 

atorad at 4*C. Prior to th* axparimant calls wara washad onea mora 

and raauapandad in "axparimantal nadlum'* (daaeribad abova), to giva 40 

X 10 baada par cm •

2.2.13.3. Oatarmination of lysosomal anayma ralaasa. Prior to tha 

axparisant, calla wara prawashad twlca with madium 199 to rmuva 

axcaaa aarisi, finally raplaeing tha madiun with tha "axparinantal 

madium" (0.4oi^). Incubations at 37*C wara commancad by adding 

aithar a furthar portion of "axparimantal madium" (O.lem^)» 

polyatyrana baada (20x 10* baads/em^ in "axparimantal madium* 

^O.lcm^) or opsoniiad lymosan ( ag/em^ in "axpariaantal aadiui"f 

O.lem^). Aftar 4 hours» tha aadiua waa auckad off with a Paataur 

pipatta and storad at >20*C prior to tha datarmination of 

haxoaaainldaaa (dasoribad balow). All calls wara than waahad twiea 

with madlum 199 and lysad with Triton X-100 (0.05 parcant v/vi



h typic*! >t>ndTd c u r v  of fluoftc*ftc« «aaliat 4-— thyl<»ib«lllf«roo»

cone«ntratlon for th» h«KOSMilnld*i* >«s«y

Flqur« 2,2.1.

1.09 No. Molos 4>MthyluaibslIifsrons 

Eseh point rsprtssnts ths asan of triplicata dataralnations. 

n>a axact datalls of thls axparia«nt ara givan in Saetien 2.2.13.14.



O.Soi )i that* e«ll ••■plM «*rt r«t«in«d «t *20*C until aMaytd for 

hoxotaaindiM tnd protoin. Coll protoln woo dotoroinod to doocribod 

by Lowry ot ol. 1951, (but tho bovino oorua olbtain otandordo woro 

dilutod in Triton X-100) and hoxoaaaiinidaoo at bolow.

2.2.13.4. Dotorainatlon of hoaooaainidaoo activity. Tho aothod 

doocribod by Oriffitha ot al. (1978) wao uoad to dotaralno 

hoxooaminidaoo aetivlty. Modiua and ooll oamploa (atorod for looo 

than 3 wooko) woro dofrootod and 50^1 pertiono plaeod in plaotic 

euvottoo, to which oubotrato (2.5aK>loo/litro 4

aothylwbolliforyl*2-'acotanildo-2~dooxy^-0>9liicopyranooido in citrato 

phosphato buffar 0.05 aoloo/litro; pH 4.3f 0.1<a^) wao addod. In 

o o M  caooo tho oaaploo aooayod woro dilutod in tho buffar (1/:<,te 

1/|J)). Incubatlono woro at 37*C for 10 to 40 ninutoo. Iho roaetion 

wao torainatod by adding glyeina-oodlua carbonato buffar (0.17 

•oloo/litra» pH 10.5t 2.8cb )̂ and tho fluorooconoo dotorainod uoing a 

opoetrofluorlJMtor with an oxcitation filtor of 34Sna and an aaiaoion 

filtor of 450m. Standard oaaploo containing up to 300 moloo of 

4-Mthylmbolllforono in tho glycino carbonato buffar woro ineludad 

in tho aooay, along with control oaaploo for tho "oxporiaontal 

Mdlus" and tho Triton X-100 (0.05 poreont v/v).

Prallainary invootigationo woro carriod out to chock that tho 

roaetion rato wao linoar with ì ì m  and proportional to tho aaount of 

onoyuo Ineludod in tho aaaay. For tho lattar, ooll oaaploo frea 

colli of varioua agoa woro poolod and than dilutod in buffar.

Pigxiro 2.2.1. ohowo a otandard curvo of fluoraoooneo againot tho 

eoneontration of 4-aothylmbolliforono, which u y  bo ooon to bo 

linoar. Control valuoo for tho Mdiun and Triton X-100 (0.05 poreont



Froductlon of 4’̂ thyltwb«lllf«ron« «Ith t l t  for O x  hmotMdnidM« 

>«MY. u>lnq— dlMi Mwpl«». fr «  D«y-l ■onocytg/McrophM««

Figur« 2.2.2.

tl« (alnut««)

Bad) pelnt r«pr«Mnta th« M t n  ef tripllcat« datcrmlnationa.

Ih* «xact datails of thl« «xporiMnt 1« glvon in Sootlen 2.2.13.4.



Mlation»hlp b»tw»n »»«pl» dilutior tni fluor»»c»nc» for th» 

h»«o»»»lnld»»» »■— u«lna c»ll m«p1»» frca Day»7 ■opocyt»/Wcroph»q»»Figur» 2,2.3.

Each point rapraacnta tha naan of triplicata datamlnatlona

nt» axact datali» of thla axpariawnt ara flvan In Saetlon 2.2.I3t4.



v/v) «Mr« low and thu« thoaa valuai war« not aubtractad froM tha 

•aapla valuaa. Figura 2.2.2. ahowa tha prograaa curva for 

incubationa up to 40 adnutaa ualng Mdlun aaaplaa froa Day-1 oalla. 

Tha rata of tha raaetion Ineraaaad IlnaarLy «Ith tlaa. Figura 2.2.3. 

ahowa tha ralationahlp batwaan tha dilution of a aaapla and tha 

fluoraacanea, whara oall aaaiplaa froa Day7 ealla «ara uaad. It ia 

aaan that tha axtant of tha raaetion is proportional to tha aaount of 

anayM praaant.

2.2.14. Pataraination of paroxldaaa activity

2.2.14.1. Saapla praparation. Tha aadiua «aa oellaetad by 

aapiration frea tha eulturaa to ba aaaayad, earafully raaoving aa 

Bueh aa poaaibla without diaturbing tha ealla. Tha aadiua waa 

eantrifugad (SSOgt 7.S adnutaa) to raawva any calla in auapanaion.

Tha auparnatant and pallet wara aaparatad and aaeh kapt at 4*C, tha 

auparnatant baing taraad tha "aadiua aaapla". Tha raaaining ealla 

wara earafully waahad with aanai-fraa aadluai (prawanwd at 37*0» aix 

tl*aa aa daaeribad in faction 2.2.11.. Triton X«100 (O.OS pareant 

v/vi 250^1) waa addad to aaeh wall In ordar to dialodga and lyaa 

adharant oalla. kftar about 7.S ainutaa tha lyaata waa auekad out of 

tha wall and placad in tha eantrifuga tuba that eontainad tha 

eorraaponding pallat darivad froa tha eantrifugad eultura atadiu*.

Ihia aolution ia taraad tha "call aaapla”. In aoa« axpariaunta "eall 

aaaplaa" wara obtained by adding watar (230 to SOQjpl) to tha waahad 

ealla and lyaing tha ealla by aonieation (aaplituda 10 15 aaeondai

4*0. All aaaplaa wara kapt at 4*C and aaaayad within 2 houra. To 

tha raaaining portiona of tha aonieatad oall aaaplaa an agual voluaa of NaOH 

(1 aela/litre) waa added and thaaa and tha Triton lyaataa wara 

ratainad for protain dataralnationa.



A typtcal itindwd curv ihowlnq c h « w  In «btorbmet (SIOh m ) >q«in>t 

conc«ntr>ttc« of p€ro«ld«M

riqur< 2.3.1»

polnt r*pr«Mnti tht M t n  of duplicato datazalnationa. 

tt)# axact datali! ef thaaa axparlnanta ara glvan In Saotlon 2.3.14.3i

* 1 Unlt • nta dacoi^altlon of l)>Ml hydrogan paroxlda par alnuta at 
2S*C| pH 7.0.





by Northington Diagnottlc 8yit«a* (1982) wtt ut«d to datanin« 

paroxidaaa activity. All aaaplaa vara aaaayad In dvq^llcata. Into a 

plaatie cuvatta waa plpattad aalnoantlpyrlna aolutlon (0.0025 

■olaa/litra in phanol solution 0.17aolas/litra> 1.4cai^), hydrogan 

paroxida (30 parcant aquaous. Sigma Chamical Co., Doraat, C.K.>

0.17molaa/litra in n s  I.Sem^) was addad and tha mlxtura allowad to 

aquilibrata (2S*C> 3-4mlnutas).

lamadiataly prior to usa, a stock solution of horsaradish paroxldasa 

(Typa Ii 1mg/cm^ ; Sigma Chamical Co., Doraat, O.K.) «as furthar 

dilutad within tha ranga of 0.01 to 0.25 units/cm^ (1 unit • tha 

dacomposition of liMol hydrogan paroxida par mlnuta at 25*Cp pH 

7.0). Dilutad antyma or aampla (O.lcm^) was addad to tha raaetion 

mixtura and tha incraasa in absorbanca was racordad for 4 to 5 

minutas (510nmp 2S*C). Portions (0.1cm^) of Triton X-100, eultura 

madium and watar wara also includad in tha assay to ansura that thay 

aach did not contributa to tha changa in absorbanca.

iha usual praliainary studias wara carriad out to chack tha assay as 

dascribad in Saction 2.2.12.. Pigura 2.3,1, ahows a typical 

standard curva showing tha changa in absorbanca (SlOnm) against 

paroxidasa ooncantratlon, which may ba saan to ba linaar within a 

ranga of 0.01 to 0.25 units/cm^ of paroxidasa standards.

2» 2.14.2» W>«ur— nt of p«re*ld»t« «etlvlty. Th* Mthod dctcrlbad

Triton X-100 was initially usad to lysa tha calls, but was found to 

Intarfara with tha assayt tha Triton^oontainlng control samplas 

causad a rapid ineraasa in absorbanea dua to tha formation of an 

insolubla matarial. Tha assays wara tharafora rapaatad using 

sonicatad aquaous "call samplas" (as dascribad). Tha control samplas



of water and cultura Mdlua dld net eauaa any chanta in tha 

abaorbanea valúa. Figura 2.3.2. ahowa tha ralationahip batwaan tha 

voltm of tha "oall aaapla” and tha abaorbanea changa. It nay ba 

aaan that tha axtant of tha réaction ia pre^rtional te tha aaount et 

antyna praaant.

2.2.1S. Patamination of lactata dahydroganaaa activity

2.2.15.1. ia«pla préparation. Tha MdluB waa aapiratad froai tha 

culturan te ba aaaayad. carafully r a w i n g  aa auch aa peaaibla 

without diaturbing tha calla. Sarua-fraa aadiua (I.Oea^) waa than 

addad te aaeh wall. Aftar 4 houra incubation at 37*C tha aadiua waa 

carafully raaovad again and centrifugad at 850g for 7.5 ainutaa« te 

raaova any calla in auapanaion. Tha auparnatant and pallet wara 

aaparatad and aach kapt at 4*C. tha auparnatant baing taraad tha 

"Mdlua aaapla".

Triton I^IOO (0.05 percent v/vf I.Ocaî ) waa addad te aaeh wall in 

ordar to dlalodga and lyaa tha adhérant ealla. Aftar about 7.5 

ainutaa tha lyaata waa auckad out of tha wall and placad in tha 

eantrifuga tuba that eontainad tha oerraaponding pallet derivad froa 

tha centrifugad cultura Mdiua. Thia aolution ia t a rMd tha "cali 

aaapla” ■ Saaplaa wara kapt at 4*C and aaaayad iBMdiataly for U M  

activity.

2.2.15.2. waaauraMnt ef lactata dahydroganaaa aetivity. Tha 

Mthod daaeribad by Lowry at a ^  (1957) waa uaad to dataralna 

lactata dahydroganaaa activity. Duplicata I0)il portiona of undilutad 

Mdiua aaaplaa and cali aaaplaa« and alee dilutad (1 in ̂  to 1 in 

eall aaaiplaa, wara placad in Luckhaaa tubaa. To atart tha réaction



th* lubstrat* solution 10f»olss/litrs NADH in SOMoIss/litrs Trit 

bufforj pH 7.6 eontsining lOaMlss/litrs of sodiua pyruvstsf ICjpl) 

«•s sddsd to sach BUpla. Aftar a 37*C incubation pariod of batvaan 

10 and 45 ainutas, HCI <1.5*olsa/litrar ^1) «as addad to dastroy 

NAOK, which otharwisa contributas s o m  fluoraaeanea. Aftar about 30 

saconds HaOH (7Bolas/litrai 25(^1) was addad to fiva a concantration 

of 6 aolas/litra, and tha saapla incubatad for a ainiauM of 30 

■inutas at 37*C. Matar (2.5ai^) waa than addad and tha fluoraacanca 

■aaaurad using a Parkin-Slaar apactrofluoriaatar with an axcitation 

wavalangth of 364ra and an aaiasion wavalangth of 46Siai. Standard 

solutions containing up to lOOmolas of HAD in Tris buffsr (pH 7,6} 

wara subjactad to tha assay proeadura in ordar to construct a 

standard curva, Saaplaa (lOfil) of both Triton X>100 and sarua>fraa 

aadiua wara also includad in tha assay to anaura that naithar 

contributad graatly to tha fluorascanca aaaaurad.

Initial invaatigations wara carriad out to

1. Chack that tha raaction rata waa linaar with tiaa

2. Dataniina a suitabla raaetion tiaa

3. Bnsura that tha raaction rata was diraotly proportional to tha 

aaount of ansyaa includad in tha assay.

4. Asaasa tha optiaal saapla dilutions.

For dataraining tha idaal raaetion tiaa and saapla dilutions, it was 

iapertant to tast aadiua saaplaa and call saaplas froa both young 

(Oay-1) and aora aatura (Day7) aonocyta/aacrophaga culturas to 

ansura that tha assay would ba suitabla for both typas of aaapla froa 

diffarant agad eulturas.



A typiol » f ndârd curv ot fluor<«e«ft«« «galnat WM) conc«ntr«tton

Figur« 2.4.1,

B«eh point r«pr«Mntt th« M « n  ef trlplleat* datcrBlnatlons.

n>« «Mct Qf thii «xptrlMnt ar« flvan ln SactlMi 2>2*15.2.



Froduction of ittP wlth t l M  for th« l«ef t« d«hvdroq«n««« ««m y < wioq 

— diu» i««pl«« frc» D«y«l «onoeyf/Wcroph«q«»

Figur« 2.4«2«

B « ^  polnt r*pr«a«nt« th« M «n ef trlpllcat« d«t«rain«tion«.

Th« «xaet d«Ulli« ef thi« «xp«ria«nt «r« 9lv«n ln 8«ctlen 2.3.15.3.



Ml*tion»hlp b«tw«n — »pig dilution and fluorttcmc*. wing cgll 

frai Day-7 ■wwcytt^crophgq«!

figure 2.4.3,

Itch point ropnnwit« tht M « n  of tripllcato dotomlnntlcmf. 

n»# oxtct dotnll* of thlf oxporlMnt nr« glvon In Soction 3.2.15.2,



rifur* 2.4.1. fho«« a atandard curva of fluoraacanca a9alnat MAD 

coneantration, whlch aay ba aaan to ba llnaar «Ithln a ran^a ef 1«100 

naolaa ef MAD. Itìa control aaaplaa for Trlton X-100 and Mdlua vara 

vary lo« and thua thaaa valuaa «ara net aubtractad ire« aaapla 

valuaa. Hovavar only aaspla valuaa glvlng at laaat doubla tha 

fluoraacanca of tha appropriata blank «ara daaaad accurata.

Figura 2.4.2. ahova tha prograaa curva for incubation perioda up to 

45 Minutaa uaing Mediua aaaplaa froB ona day old aonocyta/atacrophaga 

culturaa. Tha rata of tha raaction aay ba aaan to ba linear vith 

tiaa. Howavar "cali aaaplaa" when incubatad for perioda of graatar 

than tan ainutaa «ara found to bava highar fluoraacanca valuaa than 

tha atandard curvai thua in adopting an incubation pariod of 20 

■inutaa» whieh would ba aufficiant to allo« for tha detection ef tha 

lowar lavala of LDN in tha aediua aaaplaa. it «aa nacaaaary to aaaaaa 

an appropriata dilution factor for tha cali aaaplaa.

Figura 2.4.3. aho«a tha ralationahip bat«aan tha dilution ef a aaapla 

and tha fluoraacanca. It aay ba aaan that tha axtant of tha raaction 

la proportienal te tha aaount of anayaa. in addition to uaing 

undilutad aaaplaa In tha aaaay. cali aaaplaa «ara dilutad 1 in 5 in 

Tria buffar {pH 7.6) to anaura tha detection of NAO «ithin tha ranga 

ef tha atandarda.

2.2.16. latiaatien ef [^^^llledlda in radielaballad aubatrataa by 

alaotr^heraaia

125The atability ef l^laballad praparationa «an axaainad by 

aatiaating tha aaount of free [^^^lUodida praaant. Paper 

alaotrophoraaia «aa uaad for the aatiaation of free I ̂ ^^1] iodide, 

uaing tha aathod daacribad by largant (1969). Uaing a Shandon nodal







Til« first objsctlTs of ar rstsarch was to sslset and avaloata a 

raliabla procadura tot obtaining huaan wmocytas froa paripharal 

blood. Two staps ara usually usad to isolata aenoeytas froa tha 

othar oallular oos^onants of blood. First, calls ara oftan saparatad 

according to thair diffaraneas in dansity, by aiaploying a danslty 

gradiant aatarial. Following fractionation aonoeytas ara found in 

claarly disoamibla call bands in tha gradiant. Tha call bands ara 

oollaetad and tarswd 'SMnonuelaar call praparations*. Othar calls 

(aainly lyaphocytas) ara found in tha praparations. wing to tha 

ovarlap in call dansitias batwaan nonocytaa and othar calls. Thus a 

saoond stap is as^loyad to raaeva thasa "eontsBlnating calls". 

Fertunataly. tha aonocytas. unlita tha lysphoeytas {tha sain 

"centaalnating* call), ara adharant calls» further saparation is 

tharafera eftan achiawad by allowing tha aenocytas to aAiara to a 

surfsea. than raaoving any non-adharant colls by washing.

with raspact to tha "aononuelaar coll praparations”. thara ara two 

aain oonaidarations whan avaluating a aenocyta isolation taehniguai 

tha parcantaga parity of aonocytas (i.a. tha parcantaga of tha calls 

prasant that ara aonocytas) and tha aonocyta yield (i.a. tha 

parcantaga of aonoeytas raoovarad from tha original blood saoplap Lab 

at al.. IMS).

3 . 1 .  in t h o o o c t io n

Tha aacond objaetiva of ay rasaaroh was to choose a raliabla aathod 

for ealturing tha isolated aenoeytas ^  witro. k nmhot of aathods 

have bean raportad and thasa are outlined shortly. In addition, it 

was important to aonlter s nwibar of features of tha calls during 

oultura. to assess whathar tha colls raprasantad a asturlng



■ononuelMr phaqocyt* population.

l.l.t. Ttf — paratlon of haaan aonoeyt—  fro« blood

A f w  of th* Mthoda usod to obtain aonocytaa frou blood ara Tory 

prlmltlTti iueh aa tha uaa of arythrocyta aqgra9atln9 aoanta (a.9. 

daxtran), which aaantlally )uat produeaa a laukocyta-rieh plaaaa. 

Howarar, aa )uat aantionad «any of tha aathoda uaad aa^loy 

danaity-gradlant aatariala, which produca "aononuclaar oall 

praparationa* containing winly aononuelaar oalla (i.a. lyî ihocytaa 

and aonocytaa).

Tha Boat fraquantly uaad danaity-^radiant aatarial ia Plooll-Rypaqua, 

davalopad by VV'** (1968). Dapandinq on tha qradiant natarial 

ai^loyad. tha aonocyta purity and yiald vary. Parooll waa uaad by 

Partoft at al. (1960) to iaolata nenocytaa fron blood In a ai^>la 

ona-atap proeadura. qlvinq naan aatinatad yialda of 100 pareant and 

puritiaa of 20 parcant. In eontraat. (1963)* uaing a nawly

davalopad qradiant natarial Nyoodana, raportad hiqhar nonocyta 

puritiaa (approxinataly 95 pareant)« but low yialda (approxinataly 35 

pareant)•

3.1.2. Tha purification of nonocytaa fron "■ononuclaar call 

praparationa*

Pollowinq tha varioua aaparation nathoda« lyn^hocytaa ara oftan 

ranovad fron tha "nononuclaar call praparationa* by allowing tha 

nonocytaa to adhara to a glaaa w  plaatle aurfaoa. than ranoving tha 

non-adharant oalla by waahing. Although lynphoeytaa ara ucually tha 

nain "eontanlnatlnq* eall-typa, qranulocytaa nay alao ba praaant.



Th«ta tr« adhtrant calls and so art not rsiaovad with tha lyaphocytas« 

Rowaaar, thay only aurviva in cultura for t̂ > to 24 hours. Nonocytas 

ara cultured and/or analysad on tha substrata upon which thay wara 

allowed to adhara. To obtain auspanslons of aonocytasf tha calls aay 

ba dataehad by physical or ehanleal naans. Tha anaasthatic 

lldooaina« physical scrapinq or tha usa of chelators such as ethylana 

dianlnatatraaeatie acid (IOTA)« ara usad with varying success to 

detach aonocytas (Ackaman I Douglas» 1978) Rabinovltch S Daitafano 

1975) »tralbar at al.» 1983). Suspansion cultures of 

nenocyta/naerophagas have also bean grown uaing teflon vessala» to 

which Honocytas will not adhara (Van dar Near at al.» 1978).

3.1.3. >aranatars usad to avaluata sonocyta isolation wsthoda

As previously stated» tha parcantags of wnoeytas in s "■ononuclaar 

call preparation" is one of tha nain paranatara usad to determina tha 

usefulness of a separation taohnigua. in order to datamlna amocyta 

purity in both "sKNionuclsar call preparations" and nonelsyars of 

calls» tha accurate idantifieation of neneeytas is nacaassry. 

Morphological idantifieation of nonocytaa in 6iansa>stainad 

preparations is not always reliable» as nonocytas can easily ba 

confused with large lynphooytas. Thus» additional nathods are often 

ao^loyad such as cytoohanloal staining for aatarssa activity (ran at 

al.» 1971), an antyms that lynphocytaa (tha nain "eentsninating 

oalls") do net Doasass. This paranstar is doubly useful» as by 

including sodiun fluorida in tha reaction» one can also distinguish 

batwaan nenecytas and nserephagaa» for tha staining activity is 

inhibited by fluoride in nonooytas but net in naerophagaa. Since 

lynphooytas are not phagocytic calls» nonooytaa are often 

distinguished fren than by their ability to phagocytoaa natarials



•uch M  polyttyran* (latax) bMdt, IgG-eoatad thaap rad blood calla 

or opaonlaad baetarla (Cblan at al., 1983» Johnaon at al.» 1977r Van 

Purth 4 Dlaaaalhoff-dan Oulk, 1970). Howavar, in uainq thia taat. It 

auat ba raaMnbarad that bobm typaa of qranulocytaa ara alao 

phavocytic. Othar paranatara uaad to avaluata laolatlon tachniquaa 

includa tha nonoeyta yiald (i.a. tha parcantava racovary of nonocytaa 

fro* blood, aa aantionad aboYa), and tha viability of tha iaolatad 

calla. Tha calculation of aonocyta yialda involvaa datarmining tha 

■onecyta purity and tha total nuabar of whita blood calla in both tha 

original blood aaapla and tha "aononuclaar oall praparation".

Nonocyta viability la oftan aaaaaaad uaing tha dya trypan blua which 

will only antar daaagad calla (Tullia, 19S3).

3.1.4. Tha cultura of huaan aonocytaa in vitro

Tha aatahliahaant of lonq-tar* culturaa (up to thraa nontha) of 

aonocyta-darlvad aacrophagaa haa only baan raportad by a faw workara 

(a.g. Johnaon at al.y 1977> Zuckaraan at al., 1979). Studlaa on 

"aonocyta/aacrophagaa" (a tar* that will ba uaad to daacriha calla 

that Bay ba aonocytaa or aacrophagaa) ara aora fraquantly aada on 

youngar culturaa (i.a. laaa than ona waak). (N.B. during thla tlma 

tha Bonocytaa ara thought to tranafora Into aacrophagaa ) • in aan, 

owing to tha difficulty in Gaining noraal aacrophagaa (outllnad In 

Sactlon 1.2.5.), this ia tha main aourca of aaerophagaa.

Monocytaa ara uaually grown in aithar plaatic tlaaua cultura vaaaala 

or tha Lai^ton tuba ayataa, in tha lattar, oalla adhara to glaaa or 

plaatic eovaralipa laaMraad in cultura aadiua (Yataiv at al., 1978; 

Zuckaraan at at., 1979). Calla ara uaually aaadad at an initial 

danaity of 1 to 4 x 10^ aononuclaar calla par ea^.



Cultures of ■onoeyte/nacrophsgss srs ususlly asintsinsd In s bssal 

otsdlun (s«9. asdiun 199)« suf^lsnsntsd with various types of sen» 

(10 to 40 percent x/v). for exaiqsle Zuckeman (1979), uein?

• mixture of fetal oelf and horee serun, reported eueeessful 

cultures. In oontraet, Johnson et al. (1977) recomtended fresh 

human serum, reporting that either fetal calf or horse serum alone 

did not support cultures for more than 24 hours. The basal aedlua 

Bay be further supplemented with nutrients such as pyruvate, 

non-essential amino acids, vitamins and ascorbic acid, antibiotics 

are often included to avoid microbial growth. A pH of 7.4 la usually 

maintained by the carbon dioxide bicarbonate buffer system, when the 

cells are cultured in a 9 percent carbon dioxide atmosphere. Cells 

are aelntalned at 37*C in a humidified environment, feeding 

protocols vary greatly and include renewing the medium on alternate 

days, replacing half of the medium weekly, and not replenishing the 

medium at all (Johnson at el., 1977| Seljelid e Pertoft 1981» 

Zuckerman et al., 1979).

3.1.5. Morphological characteristics of aonocyte^Mcrophage 

cultures

Many changes occur as monocytes nature into macrophages in vitro, and 

these have been outlined in Chapter 1. Hera, the basic morphological 

characteristics of monocyte/nacrophage cultures are described in 

detail.

The Bost obvious indication that monocytes are maturing ̂  vitro is 

their change in aise. Lewis (1925) noted an increase in monocyte 

else which often occurred between the third and fourth day in 

culture, in hanging-drop oulturee of human blood. Johnson et al.



U977) growing e«lli in huMn ttnw r«port«d a doubling In call 

dlaaatar to (60 to 70m*) which occurred batwaan dayt 3 and 7, and waa 

pracadad by an aarliar dacraaaa (1/2 to 2/3) froa tha initial call 

dlaaatar of 30 to 40 pa (l»a* within tha flrat day). Zuckaraan at 

al» ( 1979), aalntalnlng calla In aadlua aupplaatantad with fatal calf 

and horaa aarua, notad a alallar Ineraaaa In oall alza batwaan Daya 3 

and 6f tha diaaatar of oalla after 24 houra in culture baing 10 to 12 

tm» In agraanant with Johnaon at al» (1977);

Ptonocytaa whan introduced Into culture are initially round, but 

undergo pronounced aorphological changaa particularly after 3 to 6 

daya, tranaforalng into tha aatura oall, tha macrophage. Tha 

"mature” population ia uaually vary hataroganoua, typically 

containing large flat ealla which may ha triangular, round, 

apindla-ahapad or apithalold (Zuckarman at al., 1979). "Mature” 

calla have vary ruffled maa^ranaa and aomatimaa fllopodla and long 

cytoplaamic projactlona axtanding from one pole. Nultinuclaata giant 

ealla are often obaarvad after Day 3 in culture (Zuekaman at al., 

1979). In oontraat, Parakkal ̂  (1974) obtained vary homoganoua

eulturaa with a aymaMtrleal morphology and axtanalva fllopodlal 

arrangamanta. Zuckarman at al. (1979) auggaatad that auch 

dlffarancaa aay ba due to dlffarancaa in tha aubatrata uaad (i.a. 

glaaa v. plaatle). Thia la probable, aa Kaplan and Gaudarmack (1982) 

did report dlffaraneaa in morphology whan oomparlng monocytaa grown 

on different aubatrataa. They alao noted that monoeytea from 

different donora adopted "maerophaga-lika” appaarancea at dlffarant 

tlma^pointa in culture, a point dlacuaaad further In Chapter 9.



3.t.6, Call loM Jarlnq th» eulturt ef «onoeyt— /^crophag—

Sine* huMn «onocyt—  do not proliforat«, oiw would axpact tha nuabar 

of adharant oalla to raaaln ataMa darinq cultura ^  altro. Howawar 

aa aantlonad aarllar (briafly In Chaptar 1), tha nuaibar of aAiarant 

calla pro^raaalvaly daeraaaaa with tiaa. Johnaon at al. (t977) 

notad that tha aonocyta nuabar dacraaaad, ao that by Day S only SO 

parcant of tha ealla Initially praaant raaainad in tha aonolayar» tha 

nuabar of oalla than dacraaaad wary alowly orar tha naxt faw daya. 

Siailar raaulta wara obtainad by Muaaon at al. (t900), who notad 

that tha loca variad froa donor to dtmor, in aoat oaaaa a plateau ef 

SO to SO pareant being reached on Day 4. Tha rata and extant of oall 

loaa doaa vary between authora and it ^tpaara that an important 

factor May be tha type of aubatrata on which tha ealla are grown. 

Johnaon at al. (1977) obaarvad that» whllat equal nunbara ef ealla 

adhered Initially to both plaatie and glaaa, ealla detached frea tha 

glaaa aueh aera rapidly during culture.

Nuaaon ̂  a ^  (1980) auggaatad that tha oall loaa nay be due to 

overcrowding of oalla (thia ia dlacuaaad later« Section 3.4). In 

addition, a varying degree of dulling haa bean reported in 

■enoeyta/nacrophaga eulturaa. Per axat^la, Johnaon at al. (1977) 

whan uaing autelogoua aarw (nen-fraah) notad cluig>ing after S to 13 

houra and reported that thaaa cluig>a aubaaquantly detached fro« tha 

culture vaaaal.

Choice ef a Method

In order to aohiava tha eb)aetivaa outlined in Chaptar 1, it waa 

naeaaaary to aatabliah a auitabla nathed for iaolating nonocytaa fro«



blood. Tbr«« dtnflty-gradlant Mdla wor* trladi daxtran, in tha 

flrat Inatanca, bacauaa It la raadily availablat Parcoll, bacauaa of 

tha high aonocyta ylald rfportad and ita aiaplieity of uaai and 

Nycodana (davalopad aa an ii^srovaaant to rieoll-Hypaqua), dua to tha 

high aonoeyta puritiaa raportad. Bach aathod waa avaluatad according 

to aavaral paraaatara, tha viability of tha laolatad ealla, tha 

aonocyta ylald and purity In tha "aononuclaar call praparatlona"« and 

alao tha purity of tha raaultant aonolayara (aaaaaaad on Day 1 and 

Day 7). Konocytaa wara Idantlflad by aorphologlcal, eytochaalcal and 

functional criteria (l.a. Glaaaa atalnlng, aataraaa atalnlng and 

ability to phagocytoaa polyatyrana baada).

Secondly It waa l^ortant to chooaa a aultabla culture ayataa for tha 

growth of aonocyta/Mcrophagaa. Tha Lalghton-tuba ayataa (with glaaa 

covarallpa) waa triad, alnca It waa already In uaa In thla laboratory 

for the culture of rat peritoneal aacrophagaa. However, alnca 

Johnaon at al. (1977) raportad that nonocyta/nacrophagaa adhere 

batter to plaatlc aurfaeaa than to glaaa, both glaaa and plaatlc 

covarallpa wara taatad In thla ayatan. In addition, plaatlc tlaaua 

culture walla wara alao triad, alnea they are generally aaalar to 

uaa. Call loaa waa datamlnad for aaeh culture ayatan In order to 

naka a dtolea aa to tha noat aultahla vaaaal.

Thirdly, having onca aatabllahad a aultabla nonocyta laolatlon and 

culture ayatan. It waa Inportant to anaura that tha calla being 

cultured wara nonocyta/nacrophagaa. Thla waa achieved by checking 

tha purity of tha ealla In culture aa nantlonad above, and alae by 

conparlng tha nerphologlcal charactarlatlca of tha ealla with 

pravleua reporta. Alae an Initial check for nonocyte'-to>nacrophaga 

naturatlen waa nada by determining whether aodiun fluoride raalatanca



to tho Mtoraoo «toin dtorol^od. Parthor charactorlttle* of tho 

eultar«« and ehoeka tor eall Maturation vara aada at a latar data, 

and thaaa ara datailad In Chaptar 5.

3.2* CXPCflINBNTAL NCTH008

Thraa aathoda «ara uaad to obtain aonoeytaa froa huaan blood. Two of 

than wara danalty-gradlant oantrifu^atlon nathoda, ualna Farooll and 

Nyeodant, and tha third uaad tha arythrocyta a9gra9atin9 afant 

daxtran. Tha thraa nathoda ara daaeribad in faction 2.3*1* to 

2*2*3*. Kaeh of tha proeaduraa m m  parfomad on blood obtainad froa 

6 or nora dlffarant donora* For tha Nyoodana nathod two diffarant 

danaity praparatlona «ara ai^loyad, (aa thla waa a naw product for 

which tha optinal phyaioal propartiaa of tha notarial had not yat 

baan dataminad).

Snail aanplaa of (1) tha original blood wara uaad to dttamina tha 

total nunbar of whita ealla and tha pareantasa of neneeytaa praaant 

aa daacribad in faction 2.3.4. and (ii) tha "nononuelaar eall 

praparationa” wara uaad to datamina oall viability, nonocyta ylald 

and purity aa daacribad in faetiona 2.2.S and 2*2.4**

*Nononuclaar oall praparatlona” fron tha Pareoll nathod wara

introduead into Linbro walla or iMi^hton tubaa (oontalnins flaaa ot 

plaatie oovaralipa) aa daacribad in faction 2*2*7*. ikwadharant 

ealla wara ranevad by Maliins aa daaeribad in faction 2.2.7,* Tha ranainin9 

ealla wara aicaninad en Day 1 and Day 7 f«r nenocyta/nacrophafa 

eharaetariatiea, uainf nerphelofical cytoohanioal and functional 

eritaria aa daacribad in faction 3.2.8.* Call aiaa and tha dagraa of 

eall leaf wara dataminad dally ovar a ona*waa)t paried, in eulturaa



Wuwbar of whlta blood calla and «onocytaa in blood

Tabi« 3.1.

Initial Ne. of.whita 
blood calla/cB^ (xlÔ )

initial No. of Bonocytaa 
/ea3 (xl05)

7.0 3.5
8.7 3.5
5.6 2.8
4.6 2.8
5.6 2.8
7.7 6.9
5.6 2.8
7.7 6.9
6.1 5.5
6.1 5.5
4.5 4.5
5.0 4.5
8.2 4.1
4.5 1.8
4.3 2.1
5.3 2.1
6.8 4.1
6.0 3.0
9.6 7.7
8.9 6.2
6.8 5.4
7.7 5.4
4.2 2.5
6.8 2.7

M a n  6.4(t 0.32)* Man 4.1(1 0.35)

% of white blood 
calla rapreaantad by 
Bonocytas

naan $.4(t 0.40)

(* figurai in braekata ■ atandard errera)

The exact detail« of thaaa aiq;>«rlai«nta are given in Sactlm 3.3.1.



viability of ‘‘■oncmiclor c»ll prtPTatloif* fro« varlom Itglttlon »ithod«

Mathod for obtaining 
"oonmuclaar call 
praparationa”

% of calla viabla in 
"nonenuelaar call 
praparationa"*

Naan %
It atandard arror)

Parcoll danaity 96.5
gradiant 96.0

99.0
99.0
99.0
99.0

Nycodana danaity 100.0
gradiant 100.0
(Danaity ■ 1.076g/oi3 96.0

100.0
100.0
100.0

Nycodani danaity 99.0
gradiant 99.0
(Danaity • 1.069/cb3) 99.5

99.5
99.0
99.5

Daxtran aadiMntatlm 99.0
99.0
99.0
99.0
99.0
100.0

*Iadt valua rapraaanta tha M a n  of dt^licata datamlnatlona.

Tha raaulta ara auwariaad in Tabla 3.6.

Ttia axact datalls of thaaa axparlMnta ara givan in Saction 3.3.2.



which tud h«tn laolatcd on Pcrcoll at dtacrlbtd in Sactiont 2«2<9. 

and 2.2.10.

3.3. KBSOLTS

3.3.1. Wutbar of whlta blood calla and apnocytaa In blood

Tahla 3.1. qlvaa tha nunbara of whita blood calla» amocytaa» and tha 

aonocytaa axpraaaad aa a parcanta9t of tha total whita calla» for 

blood takan froa 24 donora. It can bo aaan that thara waa an avara^a 

of 6.4 X 10^ whita ealla par of blood, 6.4 parcant of which wara 

aonocytaa (i.a. 4.13 x 10^ calla/ca^). Thara waa oonaldarahla 

intar-donor variation for aach of tha valuaa. Both tha whita call 

oounta» and an aaauaad valúa of 5 parcant* for tha parcantaga of 

atonocytaa praaant in tha original blood aaiig>la wara uaad to oalculata 

tha yiald (or parcantaga raeovary) of aionocytaa following tha varioua 

laolation tachniguaa (aaa Baction 2.2.6.) (*tha actual valúa obtalnad 

for tha parcantaga of aonocytaa waa net uaad in thia calculation» 

tinea it la difficult to aataaa thia parcantaga accurataly» owing to 

tha difficulty in diatinguiahing aonocytaa from larga lyag>hocytaa in 

OiaMa-atainad praparatiena).

3.3.2. Viability of ‘‘■enenuelaat eall praparatiwa"

Tabla 3.2. ahowa tha parcantaga of viabla ealla in "aononuelaar eall 

praparatiena*» for alx donora» for aaeh iaelatien a«thod. Bach valúa 

rapraaanta tha naan of dulplieata datarninatiena« It can ba aaan that 

thara waa no dlffaranea batwaan tha pareantaga of viabla oalla fron 

diffarant denora ox fron dlffarant iaolation procaduraa. In all 

caaaa tha naan paroantaga viability wat high (i.a. graatar than 90



P»re«nfqt aooocytt pugttr in "■ononucltar e«ll pr>pMr«tlOM* froa 

wriou« Itolatlon »tthodi

T«bl«i 3.3.

Method for (Staining 
"aonenuclear cell 
preperatl«)i”

% of white blood cells 
which were nonocytes in 
the "i «nuclear cell 
preparation”

Mean %
(t standard error)

Percoll density 26
gradient 18

19
18
33
37

Nycodens density 90
gradient 80
(Density • 1.076/«^) 97

88
90
95

Nycodens density 97
gradient 98
(Density - 1.069/esi3) 98

97
98
97

Dextran sedlMntation 7
4
6
6
13
11

The results are suRMarlted in Table 3.6.

The exact details of these experlMnts are given in Section 3.3.3.



Prentaq» yi«ld of ■w>ocyt«t f w  blood« *followlao variom 

i>oI>tlon «tthod»

Itothed for obtaining 
"•ononuclaar coll 
proparatlona"

% yiald or % of 
■onocytaa racovarad 
froM blood, In tha 
"■enonuelaar cali 
praparatlona”

Ma an %
(1 atandard arror)

Pareoll danaity 53.5
gradlant 117.6

51.2
82.9
221.0
166.0

Nycedana danaity 15.6
gradiant 11.1
(Danaity ■ 1.0769/«^) 28.6

20.0
7.5
12.7

Nycodana danaity 29.6
gradiant 64.6
(Danaity • 1.069g/ai3) 53.3

51.5
29.0
48.0

Daatran aadlaantation 38.8
29.6
58.2
45.5
53.8
31.2

115.4 (i 27.5)

ibaaa raaults ara aiaaarltad in T^la 3.6.

Iba axaet datali! of thaaa axpariaianta ara givan in Saction 3.3.4.



3.3.3, HoBocytt purity la *«ononucl«T e>ll pr«par*tion<'*

Tabl« 3.3. ihowa th« ptrc«nt«9* of eolli that wara daamad aonocytaa 

In 61aMa>atalnad tMars of "aenonuclaar oall praparatlena* for aix 

donors for aach Isolation procadurai It can ba saan that for aach 

procadura thara was littla Intsr-donor variation batwaan tha purity 

valúas. Howavar tha dlffarant Isolation aathods ^va dlffarant valúas 

for aonocyta purity. Following saparatlon of blood on Nyeodans 

gradlantSi high aonoq^ta purltlas vara obtalnad (naan graatar than 90 

parcant)» wharaas using Parcoll and daxtran nueh levar puritlas vara 

obtalnad (naan 21.8 parcant and 7.6 parcant raspaetlvaly). Tha othar 

calls In tha "aononuelasr call praparatlons" vara pradoainantly 

lyaphoeytaa (lass than t parcant vara granulocytaa), axcapt felloving 

daxtran sadinantatlon vhara approxlaataly 60 parcant vara 

granulocytaa.

3.3.4. Heneeyta ylsld in "aononuelaar oall praparatlons"

Tabla 3.4. shovs tha ylald or parcantaga racovary of aonoeytas fro* 

blood follovlng tha various Isolation nsthods (6 donors for each).

It can bs aasn that for aach Isolation aathod, vith tha axcaptlon of 

tha Parcell asthod, thara vas littla variation batvaan tha various 

doners In tha parcantaga of aonocytaa raeovarad. for tha Parooll 

mathod tha ylald varias froa 51.2 parcant to 221.0 paroant. (It is 

axplalnad latar (Saetlon 3.4.) vhy raoovarlaa of graatar than 100 

parcant vara obtalnad, ) Coi^arison of tha aaan parcantaga ylalds for 

aaeh aathod ahovs that tha hlghaat aaan aonoeyta raoovary vas 

obtalnad using fareoll (115.4 paroant) and tha lovast vith Nyoodant



Pirewtaii purity of thi i

itothod for 
obtiinln9 cilli

Tibi« 3.5.1.
teltyr op Day 1. by 3 pir— fri

% of Mnocyto/kicr^igii ditirminod byt>
(1) «erphology in (il) «itirM« 
GlMUi itiinid activity*

(ill) phagocytic 
ability (litix baada)

Pareoll density 94 97 (8) 92
gradient 93 96 (7) 91

95 96 (6) 95
97 95 (9) 99
96 99 (4) 98
95 97 (2) 95

■«an t Standard error 95 t 0.6 97 1 0.6 (6 t 1.1) 95 t 1.3

Nycodans dansity 94 97 (9) 94
gradient 95 95 (8) 94
(Danaity ■ 1.07g/cK^) 95 97 (7) 96

93 95 (6) 95
93 98 (3) 96
94 94 (3) 94

■aan t standard «rrer 94 t 0.4 96 t 0.3 <6 t 1.0) 95 t 0.4

Nycodans dansity 95 98 (4) 93
gradient 95 98 (9) 96
(Dansity ■ 1.069g/dB^) 99 100 (8) 95

91 100 (6) 94
93 96 (8) 96
96 95 (l) 95

■aan t standard error 95 1 1.1 96 t 0.8 (6 t 1.2) 95 t 0.5

Daxtran sadinentatlen 76 75 (4) 79
76 74 (5) 71
74 73 (4) 75
7f 72 (5) 72
75 75 (3) 78
77 74 (2) 75

■aan t standard «rror 76 i 0.6 74 t 0.5 (3.8 t 0.5) 75 t 1.3

■ Tha figurai in bric)c«ti rapraiant «starai« activity in tha prasanca of 
Nap a.S«g/<a3).

Thaaa raiulti ara suBawrisad in Tabi« 3.6.

Th« «xact datali« of thas« «xpariaant« ara glvan in faction 3.3.5.



Parcaafat purity of tba «eoolayT on Day 7, a— w d  by Ì para— f  rt

Tabu 3,5.2.

Hathod for 
obtaining calla

% of »mecyta/kacro^agaa datandnad byi* 
(1) aorphology la (11) aataraaa (111) phagocytic
Glaaaa atalnad activity* ability (latax baada)

Parcoll danalty 95 98 (97) 97
gradlant 96 97 (98) 97

93 96 (96) 96
95 99 (98) 97
95 100 (99) 99
95 97 (96) 95

•nan ± atandard arrar 95 t 0.4 98.0 t 0.6 (97.3 t 0.5) 97.0 1 0.5

Nycodana danalty 95 99 (96) 97
gradlant 93 99 (98) 98
(Oanalty ■ 1.076g/ca^) 97 98 (99) 99

93 99 (99) 96
96 99 (98) 97
94 99 (99) 95

a»aa t atandard arror 95 t 0.7 99 1 0.2 (98.3 1 0.5) 97.0 1 0.6

Nyoodana danalty 95 99 (100) 99
gradlant . 94 99 (100) 99
{Danalty ■ 1.069g/ai'*) 94 99 (99) 100

96 100 (100) 100
95 100 (98) 100
95 99 (99) 97

■aan t atandard arrec 95 i 0.3 99 t 0.2 (99.3 t 0.3) 99 i 0.5

Daztran aadla»ntatlon 94 99 (99) 98
92 99 (98) 100
96 97 (100) 99
93 97 (99) 99
95 100 (99) 100
94 100 (99) 98

■aan t atandard arror 94 1 0.6 99 t 0.6 (99 i 0.3) 99 i 0.4

• ttia flguraa in brackata rapraaant aataraaa activity In tha praaanca of 
MF (l.S a;/«’).

Ihaaa raaulta ara awBkarlaad In Tabla 3.6.

Tha axact datalla of thaaa axparlaanta ara glvan In lactlon 3.3.5.





(D*nsity*1.0789/eB^) (1S.9 p*re«nt).

1.3.5, Purity of otilt la Cttltttr»

TablM3*S«1* *nd 3«3.2< ihoti tht parity of D«y-t and Day>7 cultaraa 

of «onocyta/Mcrophaoaa S a i n a d  froM tha varloua laelatlon Mthoda 

fer 6 donora, aa aaaaaaad by aorphole^leal, cytochaadeal and 

functlonal eritarla. Valuaa ara ahown aftar 24 houra (Day 1) and a 

« M k  (Day 7) in enltara. Xt oan ba aaan that thara waa littla 

dlffaranea In tha purity valuaa dataralnad by any of tha paraaatara 

uaad (l«a> OiaMa-atalning, aataraaa atalnlnq or phaqoeytle abllity)« 

For oalla laelatad using Parooll or Nyeodana it oan ba aaan that tha 

■aan purity valuaa «rara all high on Day 1 and Day 7 (graatac than 94 

parcant). Rowavar followlng daxtran aadiaantation, it oan ba aaan 

that« Hhilat Day7 calla ahowad a aiaillar high dagraa of aonocyta 

purity (graatar than 94 pareant), tha purity of Dayl calla waa loaar 

(l*o< aaan 74 to 74 pareant dapanding on tha paraaatar)« Tha raaaon 

fer thla dlffaranea la axplainad latar (Saetion 3.4.).

Tablaa 3.3« 1 and 3.5.2. alao ahowa, that tha praaanca of aodlua 

fluerida graatly inhlbitad tha aataraaa activity of Day1 calla« yat 

had ne affaet en tha aataraaa activity of Day-7 calla. Tha 

aignlflcanca of thia la highlightad in tha Diaeuaaien (Saetion 3.4.).

3.3.5. au— arv of raaulta uaad to avalaata tha iaelatien uathoda

Tabla 3.6. givaa a auiwry of tha raaulta daacribad in 8actiona3.3.2. 

to 3.3.S.. Tha viability of tha "aononuelaar eoli praparatiena* «aa 

aindiar «ith aaeh iaelatien nathod. Likawiaa « «ith tha axeaptlon of 

tha daxtran nathod, no dlffaranea waa aaan batwaan tha aatheda in tha







purity of th* aonolayurt on D«y 1 nnd Day 7. rellowln? <toxtrnn 

••dlMntntion lowor Bonelayor purity valuM wor* obtninod initially 

on Day 1« but by Day 7 thà valuoa Mr* aoual to thoaa obtainad with 

tha othar aathoda. Tha atrikin^ diffarancaa vara aaan in tha 

■onocyta yiald and purity valuaa of tha %Kmonuclaar call 

praparationa”« Tha ^raataat wmoeyta yiald waa ohtainad followin9 

tha Pareell nathod and tha graataat purity following tha Nycedani 

(Oanaity* 1.0«9 qn/ea^) aathod.

1.1.7. Call leaa daring tha cultura of aonocyta/fcacropha^aa

Figura 3«1* ahowa tha affaet of tha typa of cultura vaaaal on call 

loaa during prolonged ineubationa. For aaeh of thraa donora tha 

nuabar of aAiarant oalla dacraaaad with tiaa. Aftar Day 7 tha rata 

of thia leaa vaa not ao graat. For aaeh donor, aaxiaua call 

adharanea waa aaan uaing Linbro walla (i.a. laaa than SO pareant of 

tha initial eall nuabar adharant on Day 7), and naxinua call loaa waa 

aaan in tiaighton tubaa oontaining glaaa oovaralipa (i.a. laaa than 16 

pareant of tha initial oall nuabar adharant on Day 7).

1.3.8. Werpbelofy of laonocyta/wacrophaga oulturaa

Figuraa 3.2.1. and 3.2.3. ahow typieal photoaierographa of 

aenoeyta/aacrophaga oulturaa on Day 0 and Day 7. Day-0 calla wara 

typieally reundad in appaaranca, in oontraat te tha hataroganoua 

aorphelegy ef Day7 calla. Day7 calla diaplayad a variaty ef ahapaa 

and aiaaa (i.a. reundad, triangolar, apithaloid, fualfona), and a 

nuMbar of tha ealla preduead long thin cyteplaanie prejaetiona. Tha 

■erphology of Day7 oalla oftan diffarad alightly froa dener te 

donor, aa did tha dagraa ef eall eluaiping and feraation ef





Biultlnucl«at«d giant calla. Although tha calla a^aar aparaa in tha 

photoaiierographa, unfixad culturaa wara auch danaar, tha raaaon for 

thia oall loaa ia givan latar (faction 3.4.).

3.3.9. Tha aiaa of aienocyta/aacrophagaa daring cultora

Figura 3.3. ahowa tha variation in eall-aiaa of «onoeyta/nacrophaga 

populatiena with tim. For aach donor thara waa an initial dacraaaa 

in cali aiaa ovar tha firat 24 houra (apprexiiaataly fro* 30 to 13 

)ub). Thia dacraaaa waa fellewad by a ataady incraaaa in call aiaa. 

ao that by Day 7 tha calla wara approxiaataly twica thair original 

aita (i.a. ai^rexinataly 6(^).

3.4. DISCUSSION

It ia avidant fro* Tabla 3.1., that thara la conaidarabla 

doner-dapandant variation in tha numbar of whita calla praaant in 

blood aaagtlaa. Howavar tha ranga of whita blood call oounta for tha 

donora (4.2 to 9.6x10^ ealla/c*^), falla within tha nenul ranga of 4 

to 11x10^ ealla/e*^ givan by Darcla a Lawia (1975). Thia indlcataa 

that tha donora probably did not hava inflannatory oonditiona during 

which ona would axpact high whita blood oall counta. From Tahla

3.1. it ia alao elaar that tha numbar and parcantaga of tha whita 

calla that ara nonocytaa alae variaa batwaan tha donora. Again tha 

valuaa cd>tainad (i.a. 4 to 10 pareant monocytaa) wara vary cloaa to 

tha ranga of 3 to 10 pareant monocytaa raportad by Datela A Lawia 

(1975). Our denota did not includa any with a monooyta population of 

only 2 or 3 paroant. Thia may aimply hava haan dua to tha amali 

nuabar of donerà, or altamativaly larga lyaphocytaa may hava baan 

miatakan for monocytaa in tha Qiamaa-atainad blood amaara, thua



eautinq ov«r-tttlMt«a of th« actual aonocyta nuidtara. nia lattar la 

qulta probabla aa a nuabtr of authora haTa hlqhllqbtad tha difficulty 

In diatlnqulahlnq tha two oall-typaa (a.q* Rlehola t halnton 1973).

Ona of tha paraaatara uaad to awaluata tha thraa aaparatlen 

taehniquaa waa tha viability of tha oalla in tha "aononuclaar oatl 

praparationa*. ha ia apparent frea Table 3.3.. there ware no 

diffaranoaa dataetad in eall viabilityt for each aathod a aaan of 

laaa than 2 percent of tha ealla atainad with trypan blue. Thaaa 

raaulta are alallar to thoaa trained by ^^yua (1903) uainq Nyeodanff 

and by Orunbarqar at al. (1969) uainq Tareollt for call aaparationa. 

Call viability waa tharafora net a critical paraaatar for aalactinq a 

■athod, but itwaa iaportant to attow that none of tha aathoda need 

cauaad eall tonicity. Thia ia ao baeauaa, if tonicity had oocurrad, 

than certain aubaata of ealla niqht have bean aalactivaly leat.

Diffaraneaa ware apparent between tha iaolation aathoda in tha 

•onecyta puritiaa of tha "amonuelaar oall praparatiena* (aaa Section

3.3.3.). Tha lowaat aonocyta purity waa aaan uainq dantran (aaan ■ 

7.7 percent). Thia waa an anpactad raault« ainoa dantran affectively 

only aadiaanta arythrecytaai laavinq a laukecyta-rich plaaaa in which 

one would anpact approniaataly 9 percent aenecytaa. Cenaaquantlyi 

and unliha tha other aaparatlon aathoda. a hlqh proportion of 

qranulocytaa waa ohaarvad in tha diaaaa-atainad 'Wnonuclaar oall 

praparationa". Oranulecytaa are adharant ealla and thua ona would 

anpact tha aonolayara from tha dantran wathed to ha eentaainatad with 

thaaa ealla. Thia waa indeed ebaarvad and tha oonaequanoaa are 

diaouaaad ahertly. hlthouqh tha aaan aonoeyta purity value for tha 

Parooll Mthed waa alae low (ia. 22 pareant)i laaa than 1 percent of 

tha oontaainatlnq ealla wara qranuleeytaa (tha rawlndar ware



non-*dh«r«iit lyiphoeyt«t, which do net pot* a problait in oultur* at 

th*y ar* reoiovad by th* wathinq proc*dhirt)< Thit it avidtnt by tht 

high purity valut of tht nonolayart aftar 24 hour* In eultur*. Th* 

M an Bonoeyt* purity for th* "aononucltar e*ll prtparatlona" vat vary 

titilar to that dttcrlbtd by Partoft *t al. (1960), vit. 20 p«rc*nt. 

Th* hlqhaat valuta for tonocyt* purity In "tonenueltar oall 

praparatlont” war* ebtalnad utlnq th* Nycodani qradlant* (!•*• 

qraatar than 90 parcant), which clotaly aqraaa with B^un'a (1983) 

aatlMta* of approxltataly 95 parcant. Th* raaaon for th* hlqhar 

purltlat obtalnad with thla tathod It that th* h i# oaaolarlty of 

Mycodanz cauaat lyaphocytaa to Incraat* thalr dantlty by loalnq 

watar, tor* than th* latt aanaltlv* tonocytaa, thua laavlnq talnly 

tonocytat at th* top of th* qradlant.

Diffarancat war* alto apparant batwaan th* Itolatlon Mthoda In th* 

aonecyta ylaldt #taln*d In tha "aononuclaar eall praparatlont* (tat 

Saction 3.3.4.). In aqratMnt with i^yut (1983) lew ylaldt war* 

ebtainad utlnq Nycodanz, and In aqratMnt with Parteft at al. (1980) 

high ylalda war* obtalnad ualnq Pareoll. Both that* author* raportad 

a wid* variation In th* aonocyt* ylaldt batwaan donerà, an 

obaarvatlen born* out by our Parooll ratult*. Tha qraatar than 100 

parcant ylaldt ebtalnad with th* Pareoll mathod raqulr* axplanatlon. 

Buch yltldt wtrt alto raportad by Parteft at al. (I960) utinq 

Pareelt, and by Van Purth ^  (1979) ualnq Plooll*Hypaqua. Van

Purth at al. (1979) tuqqaatad that that* ar* attrllMitabl* to th* 

aaaunption mad*, whan oalculatinq th* ylald, that thar* ara 5 pareant 

of nonocytaa in blood. Thla aaaumption mat In b o m  catta rapratant 

a qrota undar-aatlmt* of th* actual numbar pratant (N.B. th* normal 

rang* la 2te 10 paretnt)..N*v*rth*ltta th* yialda obtalnad ualnq 

Pareell atlll rapraaant high raeevarlat of monocytat. By oonaldaring



th* aonocyt« yield data, tha Perooll aathod appeared to be the noet 

favourable. However the aonocyte purity data indicated the Nyoodens 

method to be preferable. Before eeleetinq a aethod, the purity of 

the aonocytee in culture wae also oonaidered.

It is clear from Section 3.3.5. that the purity of the aonolayers 

obtained, following each separation aathod, only differed on Day 1 

(ell the purity values were greater than 94 percent on Day 7). Por 

both the Pereoll and Nycodent ntethods, the purities (as assessed by 

Gleasa-staining, esterase activity and ^agocytlc ability) were h i^ 

on Day 1. However, with the dextran aathod, the initial purity of 

the aonolayer was such lower (i.e. ^proxinately 75 percent). The 

reason for this was the higher proportion of granulocytes in these 

"aononuclaar oall preparations*. These eells are adherent and remain 

in culture for up to 24 hours, after which they die and are reaoved 

by the aonoeytea (Pertoft at el., 1980). Thus by Day 7 the 

granulocytes were not present, as was ^tparent in our Oay-7 cultures 

see Table 3.6.. With the Perooll aethod, elthou^ the aonoeyte 

purity in the "aononuclsar oell preparation* was initially low (i.e. 

mean ■ 22 percent), the purity in the monolayer on Day 1 was high 

(i.e. mean approxiaataly 96 percent). This is because the 

"eontaalnating* oells were aelnly non-adherent lymphocytes (less than 

t percent were granulocytes). It is evident therefore that, unless 

there is gross oontaaination in tha "mononuclear cell preparations* 

by granulocytes (as with the dextran aathod), tha purity of the 

aonolayer on Day 1 is unaffected by non-adherent oells such as 

lyi^hocytes. In view of this, the yield beoaaa ay paramount 

consideration, particularly as I was dealing with a oell-type that is 

lew in number. Consequently the Perooll aathod was chosen for 

further studies, as it produced the greatest yields.



Th« 9«rooll Mthod la alio advanta^aoua In that it la alalia, and 

affactiva without tha uaa of antlcoa^ulanta which aay affact oall 

function. For axai^la haparln, a oeaaonly uaad antlcoa<|ulaat< haa 

baan ahown to anhanca tha pha^ocytoala of (^^Cr]arythrocytaa by 

parltonaal Mcrophaqaa (Blunanatoek at al., 1901). Alae by ualnq 

daflbrinatad blood« platalat contamination la avoldadt thaaa calla« 

praaant in antlooaqulatad blood adhara to nonocytaa and altar thalr 

function and affact thalr ability to adhara (Partoft at al.» 1960). 

Sona critlclaa haa howavar baan lavallad aqalnat tha uaa of Parcell. 

It haa baan raportad that tha i^aqoeytlc ability of calla laolatad 

ualnq Parcoll waa dlnlnlahad (Sarlo at al., 1979) and that batwaan 20 

and 37*C Parcoll la Inqaatad by nouaa parltonaal nacrophaqaa 

(Makaflald at al.« 1962). Howavar« it la qanarally thouqht that 

Parooll doaa not affact tha nonocytaa* phaqocytlc ability 

(Onallq-Maylinq and Nalteann 1960). Alao Grunbarqar at al. (1965)« 

who uaad Pareoll to laolata aenocytaa« did not raport tha praaanca of 

Pareoll in alactronnicroqrapha of nonocytaa; thay obaarvad that tha 

monocytaa wara battar praaarvad« In ooaparlaon to oalla laolatad on 

the ooanonly uaad qradlant natarlal Flooll-Hypaqua. In our atudiaa« 

to raduoa tha poaalbla v^taka of Pareoll« cantrlfuqatlona wara 

carrlad out at approxlnataly 15*C. Splnninq at avan lowar 

tai^araturaa U.a. 4*C which would ooaplataly aholiah uptaka)« tandad 

to oauaa axcaaalva eall elunplnq and oonaaquant oall loaa« aa cluapa 

wara difficult to braak up and datachad fro« tha nonolayara.

Pareoll'laolatad nonocytaa ara raportad to undarqo nornal aaturatlon 

tf> altfd (Plttka 1981). It waa avidant that tha ealla wara aaturlnq 

In our atudiaa« aa by Day 7 tha ealla had davalopad raalatanca« to 

aodlu« fluorlda inhibition of thalr aataraaa activity« (a 

eharaotarlatle of nora «atura «aerophaqaa)« in aqraanant with Nuaaon



•t •!. (1963). Alvo, by ■orpholoqlevl critvria («SMalnatlon of

livinq culturvf), th* calla war# <Wamad to Mtura Into nacrophaqaa, 

aa tha ealla adoptad tha eharactarlatle foraa daacrlbad In Saetion 

3«1.5. bacominq a vary hataroqanous population. In addition, aa 

docuBMntad In Sactlon 3.1*5., tha nonocyta/macrophaqa populatlona 

undarwant charaetarlatle ehanqaa In alia. Tha oalla Initially 

dacraaaad in dlanatar to about half tha Initial valúa, than Incraaaad 

in alta ovar tha naxt faw daya, until by day 7 thay vara 

approxlaataly doubla thalr wlqlnal dlanatar. Our raaulta ara In 

cloaa aqraanant vlth thoaa of Johnaon at al. (1977).

Tha Initial nunbar of oalla aaadad fron tha 'hnononuclaar oall 

praparatlona” (1 x 10^ ealla par vail) ^ va aonolayara In vhleh ealla 

vara nalthar aparaa nor crovdad (tha problan of ovarcrovdlnq la 

dlncuaaad latar In thla Saetlon). hovavar it vaa aonatinaa obaarvad, 

usine thla Inoculum alia, that oalla vara allqhtly aparaa in aona 

araaa of tha valla. Thla problan vaa difficult to ovarcona, ovlnq to 

the snall^aliad bleed aanplaa, ainea Ineraaalnq tha Ineculun alia 

would hava draatleally raduead tha nunbar of valla availabla for 

axparlnantatlon. (M.B. Althouqh tha ealla appaar vary aparaa in tha 

photenleroqrapha (aaa Flqura 3.3.1.), thla is dua to tha flxlnq 

procaaa, in vhlch nany oalla datach).

Ssvaral typaa of cultura vaaaal vara anployad in thaaa initial 

eulturaa. la documantad in Saotlen 3.3.7., ealla vara found to 

adhara battar ovar lonqar parloda, to a plaatlc aurfaea. In 

pArtlcular tha Llnbro walla, in prafaranca to qlaaa. Thla faatura 

has baan rapertad by a numbar of authors. For axaspla Johnaon at 

•1. (1977), rapertad that aqual nunbars of oalla adharad initially

to qlasa or plastic surfaoaa, and yat vlth tlna in cultura eolia



•Satachad aora raadlly fro* ylaaa. Johnson at al. (1977) usad Llnbro 

walla for tha plaatlc auifaea and, for tha qlaaa aurfaea, nonocyta 

■onolayara wara aatabllahad on oovaralips, which wara than plaead 

Into Linbro walla. In our ayatam, it was surprising that tha oalla 

adharad to tha plastic Llnbro walla In prsfaranea to tha plastic 

covarallpa. Othar authors hava also found that calls nay adhara to 

ona typa of plastic battar than to anothar (Goldblatt ̂  al., 1978). 

It was thus daeldad to anploy tha Llnbro walla routlnaly for furthar 

atudtaa.

Although oall loss (l.a. a dacraaas In tha nunbar of adharant calls) 

occurrad during cultura, this was not alarming alnea, an daaerlbad In 

Sactlon 3.I.6., slallar oall loaaaa liava baan obsarvad by many 

authors (c.g. Johnson at al., 1977 and Musson at al., 1980). It has 

baan suggastad that Pareoll affacts ths ability of aousa parltonaal 

aacrophagas to adhsra to plastic (Walcaflald at al., 1982). Howavar^as 

eutllnad abovs^tha parcantaga of calls ramalnlng adharant with tlaa 

in cur systam did not dlffar froa raports Isy othars. At this stags 

In tha work It waa not possibla to contra absoluta nuabars of 

aenocytas adharlng with data froa othar authors, as only tha 

parcantaga of tha Initial nuabar of calls prassnt on Day 0 waa 

datsrmlnad during eultura. Howavar, latsr on absoluta nuabars of 

adharant oalls wara dstamlnad, tha rasults ara dlacuasad In Sactlon

5.4.•

Tha raascn for tha osll lossas that oeour in aonocyta/aacrophaga 

culturas Is not elaar. As pravlously statad, Musson at al. (1983) 

and Odagaard ̂  a ^  (1974) suggast that osll losa «ay ba dua to 

evarerowdlng, i.a. Inadaguata spaca te accoMwdata tha oalls, owing 

to thalr ineraasa in sita. Both notad that dacraaslng tha Inltlal



Inoculum tit* r«<luoa(l th* proportion of eulls loit. Howtvor It It 

elttr from our ttuditt tnd othort, that tht Incrtatt In otll tltt

te«t not occur until afttr Day t, «hilt tha oall lots oeeura from tha

onaat of cultura» Thla lapllaa that ovarerowdlng It net tha only 

factor Involvad In oall loati In addition, in our tyataa tha ealla 

wara not obvioutly ovarcrowdad, yat oall loatat ttlll oceurrad. At 

Mantionad aarliar, eall cluav>in9 and tubtaquant eall datachaant, a 

phanonanon raportad by many (a^q« Suckarman at al», 1979), may alto 

eentributa to thia eall loaa. Howavar ethar factera mutt alto ba 

involvad, at eall elui^inq it oftan net vary Mrkad. In our culturat

eall cluapinq wat uaually net axtanaiva, but variabla. Whan on

occatien it vat axtanaiva, oalla datachad vary quickly, to that by 

Day 4 vary faw oalla raaainad. Such unauceaaaful culturaa 

approxiMtadI In 10 of our culturaa. Tha raaaon for thaaa failad 

culturaa waa net claar, althouqh it la known that many factora ean 

cauaa i^alnwnt of aonecyta aaturatien, nch at undarlyinq doner 

dlaaaaa atataa (aaa Tabla 1.2«). Othar authera hava atatad alallar 

difficultiaa (Kniqht,19SS; Laoni,1985).

Oalnq tha aadiua and faadinq preteeol daacribad in Saction 2«2«7. 

(l.a. •adlual99 aupplaaantad with fatal oalf aarun (10 paroant) and 

horaa aarum (10 pareant) and raplaeinq half tha wdiuii waakly), wa 

found that ealla eeuld ha maintainad for up to aiqht waaka (raaulta 

net ahown In datall)« Suckarman at al. (1979) uainq tha aaaa 

preteeol alto obtained aucoataful lenq-tarm culturaa. Thay raportad 

that tha uaa of anlaml aara waa prafarabla to auteloqeua aara, bainq 

Mora raadlly available and halpinq to atandardiaa tha culturaa. 

Johnaon at al. (1977) failad to Maintain noneoytaAuiorophaqaa ualnq 

either fatal ealf aarun or heraa aarun alone, and thia ia oonaiatant 

with tha data of Suokaman at al. (1979) who found that rapredueibla



eglturas wtr« only obtAlMd wh«n • alxtur« of th« two wtr* uaod. 

Zaekorwin ot al. (1979) pelnt«4 out probi«« of M n w  

batch-v«tl«tlon and It« «ffaeta on th« eultur««, a «attar dl«cu«««d 

furthar la Chaptar 4.

Xn auaury, tha thraa Initial al«a of tha atudy haw« baan «at. 

riratly a nathod basad on faroell fractionation was found to ba vary 

aultabla for laolatlnf «onoeytaa fro« blood. Saeondly tha cultura 

«athod of Zuckaraan at al. (1979) was found to produca suceaaaful 

cultural of «onoeyta/Mcrophaaaa whan ualn« Linbro walls. Thirdly 

tha culturad ealla war« poaltlvaly Idsntlflad as balonaln« to tha 

•ononuclaar phaaocyta syst««. In addition, by «orpheloqioal and 

cytoeh««loal orltarla, tha osila «ara da«««d to ba «atnrlna In 

cultura. This last aspaet la furthar axplorad In Chaptar 5.





4 . 1 .  ItmODUCTION

Itavlng Mtabllihcd a aultabl* procadur« for Isolating and culturing 

human nonocytaa (datailad in Chapter 3)« ths next (^jactiva «as to 

design a Mthod for quantifying pinoeytoais. Wa needed to know 

whether pinocytie vesicles were being formed, and at what rata, by 

cells at various stages of differentiation.

4.1.1. Quantifying pinocytosis

The best way of quantifying pinocytosis is to determine the volume of 

ambient fluid captured per unit time. Although morphological methods 

have been used, in which intracellular vesicles are counted, it is 

difficult to extrapolate to the rate of pinoeytosis, and even to be 

confident that the vesicles counted are not )ust transverse sections 

of eanalieuli (without studying serial sections). Biochemical 

methods are more direct. The uptake rates of suitable substrates are 

determined by measuring their cellular accumulation with time. Vith 

a non-degradable substrate the rate of pinocytie capture may be 

inferred directly from the rate of cellular accumulation (provided 

its rats of exocytosls is slow), ihe substrates that have been 

chosen for such studies are ones where uptake by cells can be readily 

measursdt they are either ensymically active, fluorescein-labelled or 

radiolabelled. Badiolabellsd substrates are particularly useful owing 

to ths greater sensitivity of radiometric assays. It is important 

that the substrate’s only possible mode of entry into the cell is by 

pinocytosis, and therefore soluble macromolecules are ideally suited 

for assessing pinocytlo activity. Although biodegradable substrates 

can be used to study plnoeytosis, it is obviously net sufficient to 

measure only the amount of radioactivity retained within the eellsi



on* Wit alto har« aoM Maaura of tha Mtarlal that haa boon 

capturad and da^radad« baarlng In mind that with aoma aubatrataa« 

dl9aatlon producta nay ba ralaaaad back into tha nadium.

Owina to tha phanoaanon of adaorptiva pinocytoaia daaeribad in 

Chaptar 1« tha rata of plnoaema formation la net tha only factor that 

dataminaa tha rata of antry of a aubatrata. Tha aama call aay 

captura diffarant aubatrataa at diffarant rataa, dapandinq on tha 

daqraa of aatfsrana affinity batwaan tha aubatrata and tha call. 

Subatrataa oapturad antiraly in tha fluid-phaaa <i«a. theaa with no 

aaabrana affinity)» ara captnrad at aimilar rataa (raviawad by 

Prattan at al., 19t0)» and thair uptaka ia proportional to tha 

axtracallular aubatrata ooncantratien. lha fluid-phaaa narkara uaad 

Boat fraquantly» ara ^^^l-laballad polyyinylpyrrelidena» I^^Claucroaa 

and (^Nldaxtran. In oontraat to fluid-phaaa narkara» aubatrataa 

capturad by adaorptlva pineeytoaia do danonatrata §om aurfaea 

hindinq» and at vary hiqh aubatrata ooneantrationa tha bindinq aitaa 

bacoaa aaturatad. tha factora thouqht to eenfar ineraaaad avidity 

for plaana nanbranaa ara eutlinad in Chaptar 1»

Khan atudyinq tha pinecytic uptaka ef aubatrataa quantitativaly» 

thara ara a nunhar ef «raya te axpraaa tha raaulta. Tha alnplaat and 

noat diract ia te raoord tha anount of aubatrata capturad. In tha 

aiiVlaat oaaa of a tiaaua pinocytoainq at a ataady rata» ena «rould 

axpact tha aaount capturad to incraaaa «rith tina in a linaar faahion. 

Daviatiena fron llnaarity ara diffioult to Intarprat «rith oonfidanea. 

Per aiianpla» if tha rata ef aeciaaulation falla off «rith tina« thia 

nay indicaba that tha aubatrata ia bainq ralaaaad, er daqradad than 

ralaaaad» or that eall-daath ia oocurrinq. If linaar uptaka «rith 

tina ia ebtainad, tha raaulta ara naaily intarpratad and, if ona ia



Maturing th« t^tak* of a fluld»phaaa »rkar, than Ita aeeunlation 

la ralatad to tha rata of fluid captura. A tarn fraquantly uaad to 

axpraaa rataa of i^aka ia tha Cndocytle Indax, which la daflnad aa 

tha veluM of cultura nadltM whoaa aubatrata eentant haa baan 

eapturad by a daflnad anount of tlaaua In a ^Ivan tlna (Nllllaaa at 

al», Y97S). Nonallalng data In thla way la waluabla , aa ona can 

raadlly ooi^ra tha uptaka rataa of dlffarant aubatrataa by tha aana 

or avan dlffarant oalla.

In thla typa of axparlaantf It la Inportant to diatln^uiah batwaan 

pinocytlc iq»taka and aurfaca adaorptlon. A nmbar of crltarla ara 

uaad to charaetarlaa plnoeytoala (Lloyd a Nllllana, 1984| Prattan ̂  

all. I960). A alow oroqraaalva eallalar aeeumlatlon of aubatrata 

ovar a Ion« tltM-parlod la eharaetarlatle. and thla oontraata aharply 

with aurfaea-blndlnf, whara tha binding aitaa rapidly bacoaa 

aaturatad. Alae. thara ahould ba no nleroaoopie awidanea of aurfaca 

binding of tha anbatrata. Slnea In aany atudlaa plnoeytoala haa baan 

ahewn to ba Inhibltad by lowtanparatura and mtabollc or 

cytoakalatal Inhlbltora. thaaa ahould alae all ba affactiwa. In 

addition, whan oalla ara Ineubatad with tha aubatrata and than 

waahad, thara ahould ba a low rata of aubatrata ralaaaa froai tha 

ealla Into tha fraah nadlu« (aurfaca-bound aubatrata would ba rapidly 

rataaaad).

4.1.2. Choloa of aubatrata for prallnlnary axparlnanta

Initially, It waa daeidad to quantify plnoeytoala ualng a 

non-dagradabla, radlolaballad fluld-phaaa narkar. ^^^I-laballad 

polyvlnylpyrrolldona waa choaan, alnoa It waa uaad by Knight a Soutar 

(19d2) to dataralna plnoeytoaia In huaan nonocyta/Mcrophaga culturaa





(Section 1.2t7«S>) «nd alfo Its elaaranca by rat parltonaal 

Mcrephagaa has baan raqularly atsasurad in this laboratory (Prattan 

at al., 1977). Howavar.'lt was anvisa^ad that tha uptaka of this 

substrata aiqht ba difficult to datact. Firstly, owing to limitad 

call availability, thara would only ba snail nunbars of calls in aach 

wall to captura it (aaeh wall would ba saadad with 1 x 10^ 

"nonmuelaar calls", a nunbar which would daersasa with tins in 

cultura, as dsscribad in Chaptar 3). Secondly, Knight s Soutar

(1982) naadad to usa vary h i ^  eoncantrations of ^^^X-laballad 

poiyvinylpyrrolldona, in order to datact its uptaka by hunan 

nonocyta/naero^aga (3 x 10^ "nononuclaar calls" saadad/wall). 

Thirdly, Frattan at al. (1977) naadad vary long incubation periods 

(up to S4 hours) to naasura its uptake by rat parltonaal nacrophagas 

(1 X 10® calls). Such ^proachas (i.a. Iiigh substrata eoneantratlons 

and long incubation periods) ware eonsidarad either too expansive or 

inappropriate for this atudy, in which it was hoped to naaaura 

changea in plnoeytic activity dependant on oall-aga. To ovarcena this 

possible problan, it was dacldad to taka advantage of tha phanoeMnon 

tamed "piggyback" andocytosis (described telafly in Chaptar 1), 

whereby a substance is added that enhances tha rata of capture of tha 

radiolaballad subatrata by acting as a bivalent ligand between tha 

call surface and tha subatrata. Suraaiin, a polysulphonatad 

polycyclic hydrocarbon was chosen for this purpose (sea Figure 4.1. 

for structure), as explained in section 1.1.2.4. It enhances tha 

uptake of ^^^l*laballad polyvinylpyrrolidone by rat peritoneal 

•acrophagas (Prattan 4 Lloyd, 1983).



4.1.3. PropTtl«> of >ur>»in

Surialn It thought to tnttr etllt by plnoeytotiti tnd to tccumlttt 

in tht lytotoatt (Buyt t  tl., 1973). It it • tryptnocida and aora 

raeantly hat baan uaad with varying aueeaat in tha traatawnt of 

HTLV- 1 1 1 (AIDS virut) (Bueht 196$). Suramin vat thou^t to inhibit 

aalactlvaly» tha viral ravarta trantcriptaaa anayaa, but Batu and 

Noduk (1985) rapertad that tha aaehanlaa it non>talactiva. at auraain 

alto bindt to non>aniyaie pretaint tueh at albualn. Suramin hat a 

nuater of ethar affaett on oallt* including inhibition of 

intraoallular pretain digattion (daatmttratad in rat livar 

lytotoaat)f and inhibition of lyaotoaa-andoaoaa futlon (ahovn in 

aaerophagaa) (Daviaa at al», 1971i Kerelanke at al», 1961).

4.1.4. Bffact of turaain on pinocytotlt

Prattan 4 Lloyd, 1983 raportad that turaain (lOOug/ca^ or 500ug/ea^) 

anhanead tha uptaka of ^^^l~laballad polyvinylpyrrolldona bv rat 

paritonaal aacrophagat, by approxiaataly 1.5 fold and grattar than 

10-fold ratpaetivaly. niay daaonatratad that tha aubatrata waa 

ingaatad and not jutt bound, at ita oaptura waa aboliahad in tha 

praaanea of tha aatabolle inhibitor todiua fluwida. Sinea auraain 

had no affaet on tha elaaranea of two ethar fluid-phaaa aarkara 

((^^Clauereaa and (^nldaxtran), it wat daduoad that turaain waa not 

affooting tha rata of plnoaoaa formation. Prattan 4 Lloyd, (1983) 

oeneludad that auraain waa acting aa a bivalont ligand (aa daaeribad 

abova), oonvarting a fluid-phaaa aubatrata into an adaorptivo ana.

Siailar oiMarvationa hava baan rapertad for another polyaulphonatad 

aromatic aolacula, trypan hlua. hobarta at al. (1980) rapertad a 4



es

to 6 told InerMM in tho upMk* of ^^^X*l«boll«d 

pelyrinylpyrrolldon« by rat vlaoaral yelk>aaca O7.S-0ay) «ban 

evltarad with trypan blua (S(^9/ob^). Othar pelyanlona a.9. daxtran 

aulphata. polyglutaaic acid and DIVBM (pyran oopelyaar) bind avidly 

to rat parltonaal Merepha^aOf but do not affaet tha uptaka of 

^^*I-laballad polyvlnylpyrrolldona Orattan at al.i 197i» Prattan 

at al., 19f1).

4.2. D tP Ik lN IlfrAL  NETHODS

Thla chaptar daacrlbaa tha davalopnant of a aatlafactory aathod for 

aaaaurinc plnoeytoaii In aonocyta/Maeropha^aa. Nodlfleatlona and 

Inprovaaonta wara fraquantly aada during tha evolution of tha final 

protocol and In this sactlon. only tha aathod first used Is described 

in dstall. The various steps taken whilst devaloping tha procedure 

are outlined bristly in this Section, and diseussad In tha results 

(Sections 4.3.2. and 4.3.3.). Iha dsflnltlva asthod Is described In 

dstall In an appendix to this Chaptar (Section 4.S).

4.2.1. Initial Bsthod for aaasurlnq plnocytosls

Blood (20ea^) was wlthdrawn froa donors as dsscribad In Saetlon

2.2.1., and "aononuclear osll praparatlons" laolatad as dsscribad In 

Saetlon 2.2.1.. Nonolayars of aonoeyta/aaerophagas wars than 

praparad in 24-wsll Llnbro platee (1 x 10® osila ssadsd/wall) as 

dsserlbad In Saetlon 2.2.7..

All Ineubstlons with tha radlolaballad substrsts wars In walls In thè 

sane piata and wars 00— sncad at tha sana tlas. Substrats addltlons 

wara aehlsvad by ranovlng O.losi^ of culture asdlun and rsplaelng It



with O.lea^ of « warM4l »elution of ^^^l-lab»ll«d 

polyrlnylprrroliden» and »uraaln In cnltura aadltn, giving final 

eoneantrationa In tha walla of lÔ iq/c»̂  and 50QBq/c»^ raapactivaly*

In addition« aubatrata waa addad to eall-fraa walla (l«a> walla 

oontaininq 0.9cp^ eultura ■adiwi only) for a period of 6 houra, to 

dataraina tha dagraa to which tha aubatrata bound to tha wall itaalf»

Xneubationa wara tarainatad after O.S, 3 and 6 heura aa followa» 

Plataa wara taaperarlly raaowad froa tha incubator, and frea tha 

appropriate walla, wara raaevad duplicate lOOpI (rinnpipatta) 

portiona of poat*cultura aadiuai to each portion waa addad SOQpl 

water (a atandard counting voluaa of I.Oea^ waa choaan to anaura 

eeaparability) and their radioactivity aaeaurad with a t2S2 

Cooipu-caima oanna counter«

Next, tha raaMining eultura aadiu» waa aaplratad froa tha walla uaing 

a ?aataur pipette attached to a aachanical puap. Tha calla ware 

waahad by aix change» of w a n  aadlu» (I.Oca^ portion»)« After tha 

final aspiration MaOH aelutien (O.Mi I.Oen^) waa addad to each wall. 

Tha plate waa returned to tha incubator for any ranalning incubation 

tina. After tha final washing precadura, tha call» wara ralncubatad 

! for a further hour to anaura diaaolutlon of tha ealla.

Tha dlgaata wara thoroughly adxad uaing a Pinnpipatta. Digaat 

(900pl) waa than addad to 100|il NaOH aolutlon (O.M) and ita 

radioactivity counted uaing a 1282 coagm-ganaa gaaau counter. Tha 

aaaa aaapla waa than used for protein datanlnatlon uaing tha Mthod 

daaeribad by Lowry at al. (1991). Tha data relating to each wall 

waa uaad to calculate a "elaaranea value* i.a. tha voluaa of eultura 

aadiuB whose content of radioactivity had haeoaa eall-aaaoeiatad,



•xpr«i«*d p*T mg. of e*ll prot«in. Th» câlcuUtloB wâ* Rwd« uilnq 

th* foraulat*

ClMrânea - call-aa»ocUfd radloactlvlty (cp» par wll_)_

Radloâctlvlty of nadium * call protaln 

(epn par pl.) P«r w«ll)
Tha uniti of claaranca ara thua ul. par mg. protaln.

tn an axparlMnt whara claaranca valuaa Incraaaa linaarly wlth tlna, tha rata 

of incraaaa (Bndocytlc Indax) haa tha unlta (il par mg protain par hour.
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4.Ì.2. Moditleatlona to tha Initial «athod for ■aaaurinq 

plnocytoala

Nhllat davaloplnq tha proeadura for Maaaurlng pinocytoaia a numbar of 

ehangaa wara nada to tha initial Mthod daacribad abova. In brlaf 

thaaa wr a  aa followa. k graatar volunw of blood waa takan fro« aach 

donor, which raqulrad tha e«ll>laolation «athod uaing Pareell 

gradianta to ba acalad up appropriataly. Qraatar numhara of calla 

I aaadad Into aach wall, and tharafora It waa nacaaaary to 

raplanlah tha cultura nadlu« aftar aavaral daya (to oountaraet tha 

«ora rapid build-up of waata aataholltaa)• Tha incubation parloda 

with tha radielahwliad auhatrataa wara langthanad, and the aaiount of 

aubatrata alao Incraaaad. Incubation« war« all atartad at different 

tlna-peinta prior to the and of the axpariaiant, but taralnatad 

toqathar. The waahlng procedure at the and of each of the 

«xpariaanta waa aodlflad by uaing a long-fer« pipetta for the 

aaplratlona and reducing the auction powar of the pump, finally, 

calla ware dlgaatad In laaa NaOH.
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This chapter Includes only a few of the results of our extensive 

preliminary experinents, in which ^^^l-labelled polyvinylpyrrolidone 

and suranin ware used to detect plnoeytosls. Many of the results 

obtained are not included for, as will bacons apparent, pinocytoais 

was difficult to detect with nsny cultures. The results which are 

given are used to outline the problems encountered during this early 

work and to justify the varioua modifications consequently made to 

the protocol.

4.3.1. Optake of ^^*I«labelled polyvinylpyrrolidone (in the 

presence of suramin) by monocyte/macrophages

The first experiments were performed as described in Section 4.2.1., 

using cells obtained from a number of donors and cultured for periods 

of nine days or more. Figures 4.2.1. to 4.2.3. show some typical 

results of these experiments, it was encouraging to note that 

duplicate values were reasonably close. The values for oell-protsln 

were similar for each of the incubation periods, indicating no great 

cell losses. Furthermore the eell-assoclated radioactivity values 

Incressed with duration of incubation. The clearance values (that is 

the amount of cell-associated radioactivity normalised to 

eell-protein) are seen to increase with duration of incubation. It 

was a matter of concern, however, that most of the uptake values for 

the shorter incubation periods were less than twice the amount of 

radioactivity associated with cell-free wells.

Nhsn we performed the same experiments but with cells that had been 

cultured for shorter periods (up to S days), we could net reliably











d«t*et t^tak« of ^^^l*laballad pelyvlnylpyrrolldona In tha praaanca 

of Buraaln. figurât 4.3.1. to 4.3.3. ahow typical ratulta for thaaa 

axparlaanta. It la aaan that acat of tha oall-aaaoclatad 

radioactivity valuaa «ara «all bale« t«lea tha aaount of 

radioactivity aaaeelatad «1th call-fraa «alla. Tha claaranca valuaa 

did not aho« any clear prograaalen «1th duration of Incubation. 

Furtharaora. daaplta tha aarllar rathar aora preadaln« raaulta «1th 

ealla cultured for lender perioda (Day*9 or aora), further 

axparlaanta «1th ealla of thla aaa qava alallar raaulta to thoaa juat 

daacrlbad.

It «aa clear that for tha aajerity of thaaa prallalnary axparlaanta« 

tha uptake valuaa «ara not aufflelantly hl^h to be detected above tha 

anount of radioactivity adaorbln« to tha plaatle «alla.

Nleroaooplc axanlnatien of ealla before and after tha tmahln^ 

procedure (uaad to terminate ineubatlona «ith radlolaballad 

aubatratalf Indicated that «any of tha calla detached durine thla 

period. It «aa Initially thoueht that hlehar and accaptabla 

uptake valuaa nleht be obtained by raduclnq thla eall*loaa« and 

tharafora It waa decided to Modify tha «aahlng procedure.

4.3.2. Minor laprcvamanta to tha Mathcd

Tha problan of call loaa durine tha waahlne procedure «aa not aaally 

ovarooM. Additional care In «aahlne ealla «aa triad, but to no 

avail. Call loca «aa dacraaaad, thoueh, «han tha acchanieal punp «aa 

operated at a reduced auction, and avan laaa, «han a lone-fern 

pipette rathar than a ahert-fem «aa aaiploycd for the aaplratlen 

procedura. Thla Inprovanant waa probably due to raduelne tha ahaar



fore* Applied to the cells«

Although these chenoes greetly reduced cell-less« the cell-essocleted 

redloectlrity velues were still often very close to the rsdloectlvity 

velues obtained in oell-free wells« It was not clear why we could 

not reproduce the first set of experisents where reasonable uptake 

values and progressive uptake were seen« and therefore it was decided 

to see whether different batches of culture plates of sera and of 

suramin or ^^^1-labelled polyvinylpyrrolidone were having any effect 

on the ability of the colls to capture the substrate. Cells grown 

for 9 deys were used for these experinenta« None of these 

investigetions clarified the problem, but two changes were adopted 

during this period. Firstly, we decided to standardise the serum 

employed by reserving a large quantity from a single batch of each 

type used (horse serum end fetal calf serum)i and secondly, since for 

sosw of the oell-protein estisMtes, the optical density readings were 

very low, we reduced the voltxM of NaOH used to digest the cells 

(from I.Oem^ to O.Som^). It was also thought that the approach used 

to terminate the incubations (at intervals throughout the experiment) 

could be improveds for while the cells used for the shorter 

incubation periods were being treated, the remaining wells (for the 

longer incubation periods) were tesg>orarily away from the incubator 

and therefore being exposed to additional changes in their 

environstental conditions. This problem was easily overcome by 

adopting the policy of adding the substrate at different time-points 

throughout the experiment and tersdnating all the incubations 

together (the forsMr being a such quicker procedure than the latter). 

An incidental advantage to this, was that cells had all reached 

exactly the same stage of saturation at the end of the experiaient.



It ««• «vidant up to thl« point that va oould net oonslatantly obtain 

raaaonabla iq>taka valuaat «a tharafera dacldad to Ineraaaa tha nuabar 

of ealla aaadad Into aaeh wall (frea 1 x tO^ to 3-4 x 10^). In order 

to do thla> It waa naeaaaary to taka larger voluaaa of bleed (ISOca^) 

froa Indlvlduala. It vaa not peaalbla to taka aueh lar9a voluaaa of 

blood froa hoapltal out-patlanta» alnoa often they ware already 

firing oonaldarabla aaounta for routine laboratory taatai and 

tharafera «a atartad to taka blood froa fallow werkara. kltheuqh 

oollaetlen of large voluaaa waa atralghtforward (ualng a butterfly 

naadla and a aarlaa of 60ca^ ayrlnfaa)« daflbrlnatlng tha bleed 

proved dlfflenlt. After a mmbar of attai^a It waa found prafarabla 

to daflbrlnata tha blood in Duran taottlaa (SOOea^), eentalninf bant 

paparcllpa. Owing to tha larger aaounta of bleed, it waa naeaaaary to 

*aoala-up” tha eall-laelatlon proeadura. Ihia atap waa relatively 

atralghtforward, ali^ly involving an ineraaaa in tha aaount of 

gradient aatarial and in tha aiaa of vaaaala uaad Ol.Sea^ pertiena 

of blood ware layered onto llem^ of Parooll aelutien in 40ew^ eenieal 

tubaa).

4 . 3 . 3 .  M a jo r  I t i r o r — n t t  t o  th<  — tho 4

In aoat of tha uptaka axpariaanta uaing tha eenaidarably ineraaaad 

nuabara of ealla, a narkad inprovanant waa aaan, but atill in a 

nuabar of oaaaa tha uptaka valuaa wara naar te tha valuaa obtainad in 

eall-fraa walla. A furthar change waa tharafora aada te tha 

ineubatien perioda, in that thay wara langthanad eenaidarably (up te 

41 heura). Again aoaa inprovanant waa found in tha raliability of 

tha uptaka valuaa, though wa wara atill ebtaining raaulta naar te tha 

Unita of dataetien with ealla fren aora donerà. Tha final ehanga wa 

nada waa te increata tha aneunt of ^^ 1̂-laballad pelyvinylpyrrelidena
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In th« ineubatlont bjr • factor of S. Although thla « u  an axpanaiva 

atap to taka, it proved banafleial, aa rallabla uptake raaulta ware 

than obtained for all donora' calla. The firat of thaaa auccaaaful 

raaulta vhara oalla «ara ineubatad with varloua eencantratiena of 

^^^I'laballad polyvlnylpyrrolidona, ara praaantad In the naxt 

taction.

4.3.4. Uptake of different oencantratlona of ^^*l-laballad 

polyvinylpyrrolidone (In the praaanca of auraaln) by 

■onocyta/aacrophaqaa

The daflnltlva procedure uaad for thaaa axpariaanta la daaerlbad In 

taction 4.9. Celia frea three donora (L.t.i C.C.i A.t.) vara obtained 

and cultured for aavan daya, at «hlch point Incubatione »1th 

radlolaballad aubatrata ware eoaaiencad. At varloua tlaaa (48, 24 and 

3 houra) prior to the and of the axparlaant, oalla ware Incubated 

with varioua eoncantratlona of ^^^I«laballad polyvinylpyrrolidone 

(10, 50, lOOpg/cB^) plua auraaln (SOO^ig/ea^). tubatrata waa alao 

added to call-fraa walla (walla eontalnlng only O.Oca^ of ■adlun). 

Inouhatlona ware all ended at the aaMo tlaa by which tlaa 9 daya had 

alapaad alnoa the oall laolatlon, flguraa 4.4.1. to 4.4.3. ahow the 

raaulta. It la aaan that for each of the donora the call-protein 

valuaa ware alallar and not dependant on duration of incubation.

Alao, aa night ba expected bacauaa of the greater nuadiar of ealla 

praaant In the walla (3 to 4 x 10̂  aeadad par wall), protein valuaa 

ware higher than thoaa for the earlier exparinanta, where only 

1 X 10* oalla ware aaadad. Duplieata oall-aaaoelatad radloactivitv 

valuaa ware eloaa and, apart fron whan the lewaat concentration of 

^^^I-laballad polyvinylpyrrolidone waa uaad (10 )ig/en^), all the 

radlectlvlty valuaa ware wall abova double the value for the



Endocytlc Indie«» for th« cltranc* of t t Iou« coPC«ntr«tlont

of polyvlnylpyrrolldoiM (in th« pr»»«nc« of

wriMln, SOOiw/c«'*) by Day-7 ctiu

Oonort Concantratlon of ^^^X-la)Mllad polyvinylpyrrolidena (pg/ca^)

10 SO 100

L.ft. 0.154 0.128 0.151

C.C. 0.068 0.064 0.067

A.S. 0 .2 0 1 0.194 0.198

n>t txaet of th*M «xpcrlaanta ar« glvan In Soctlon 4.3.4.

tt>* unita of Bndocytlc Indax (s m  Sactlon 4.2.1.) art par ag. protain 

^r hour.



radioactivity aaaoelatad with eall-fraa walla, 'nia oall-aaaoclatad 

radioactivity valuaa Ineraasad with tlwa, and wara alae proportional 

to tha eeneantratlon of ^^^X«laballad polyvlnylpyrrelldono In tha 

■adluB. Ttia radioactivity adharlny to tha plaatle walla alao 

Incraaaad alightly aa tha ooncantratlen of ^^^i-laballad 

polyvlnylpyrrolldona la tha aadloa Ineraaaad. Whan tha radioactivity 

data wtra ai^raaaad aa claaranca valuaa (which aeeeunt for tha 

axtracallular radioactivity and tha call protaln), thara waa an 

incraaaa with tlaa« but thara waa no dlffaranca In tha claaranca 

rataa for tha dlffarant eoncantratlona of ^^^l~laballad 

polyvlnylpyrrolldona. Tabla 4.1. ahowa tha tndocytlc Indlcaa. It la 

aaan that tha rataa vary batwaan oalla laolatad froa dlffarant 

donora.

4.4. DI8CUMION

Tha aaln 90a! of tha work daacrlbad In thla Chaptar waa to aatabllah 

a aultabla aathod for aaaaaalnc plneeytoala In aonocyta/aacropha^aa. 

It M a  eonaidarad laportant that tha aathod adeptad would ba 

raproduclbla and aultabla for oalla at varioua ata^aa of aaturatlon« 

and that tha aaount of radioactivity aaaoclatlng with tha oalla would 

ba wall abova that adaorblno to eall-fraa plaatle walla.

lha nathod initially uaad did net aaat thaaa crltarlat aont of tha 

eall*aaaoelatad radioactivity valuaa obtained wara only allfhtly 

abova tha radioactivity adaorblng to oall-fraa walla. In eonaaquanea 

raaulta wara not raproduolbla.

hlthouqh tha vary flrat awparlaanta. ualnq natura ealla (culturad for 

T'daya or nora). did appear accaptabla. In that elaaranca valuaa wara



M il aboM tha blank«val«Ma, latar axpariMnta using calla of thla 

aga (and also laaa Mtura calls) gava unnaccaptably lev valúas. It 

la net claar «by tha first sxparlMnta vlth Day9 calls Mrs 

Buocassful, but tha latar onaa Mrs not. A posalbla axplanatlon Is 

that tha batch of sarua initially si^leyad wiy hava ylaldad acra 

plneeytleally activa call-populations. Othar uorkars hava cowantad 

on dlffaraneaa In eall-bahavlour with dlffarant batches of sarua 

(a.g. Jassup, 198S).

A nuabar of changas Mrs aada to tha precadura Initially usad (ena of 

which was standardising tha sarua usad), bafora rallabla and 

raproduclbla results Mra obtained oenslatantly. itiasa changas ara 

ausawrlsad In Section 4.2.2.. ‘Ria reasons for asking tha alterations 

hava already bean dlscussad In tha results Saetlon (4.3.). It la 

enough to add hare that, although It was net possible to say that any 

single sedlfleatlen contributed tha aest to tha succass of tha 

definitiva aathod, several of tha changes Mrs thought to play a 

proalnant role. Briefly, these changes Included Inoraaslngt-

1. tha volusM of blood eellactad, (thla required tha eall-lselatlen 

procedure to ba scaled x^) which allowed greater nuabars of 

calls to be seeded into individual Mils,

2. the asKHint of radlclaballed substrata added to tha calls,

3. tha duration of tha Incubation periods with tha radlolaballed 

substrata.

□sing Oay-7 calls the xg>take values found for ^^^1-laballed 

polyvinylpyrrolidone (10 to 9(ljig/aî f in the prasance of suraalnf 

900pg/ea^) whan using t)M daflnltlva aathod, M rs generally Mil
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above tba valuM for eell-fr«« «ella. Since the clearance values 

Increased progressively over a prolonged period, we could be 

reasonably confident that we were detecting uptake of the substrate 

rather than just surface-blndlng. The rate of uptake was found to be 

proportional to the concentration of ^^^I-labelled 

polyvinylpyrrolidone used (In the presence of suranln 500)ig/ea^)} the 

Sndocytlc Indices, being normalised to the asiount of extracellular 

radioactivity present, were therefore slallar.

The Bndocytlc indices did vary between cells fro« different donors.

For ^^^l*labsllad polyvinylpyrrolidone (SOpg/esi^) In the presence of 

suramin (SOOpg/cm^) the values ranged from 0.064 to 0.t94 pl/mg. proteln/houx. 

This was not considered surprising In view df the enormous genetic variation 

found In human subjects. This point Is discussed extensively In 

Chapter 9. it was possible to eo^^re these results with data for 

similar experiments but using rat peritoneal macrophages. Pratten I 

Lloyd (1963), reported a mean Indocytlc Index of 4.31 ± 0.84 pl/mg. protein 

/hour which was notably higher than the values we obtained.

Prior to further studies on the endocytle behaviour of 

monocyte/macrophages using the definitive method. It was essential to 

determine conclusively whether the cells were differentiating in 

vitro, using several different maturation markers. These 

experiments are described In the next Chapter.

4.5. A 8ATI8PACT0RY KVTHOO POP 8TUDYING PIN0CYT06I8 IN 

WOWOCYTl/WACmOPWAQIi

Hood (180 e«3) was oollacted from volunteer male donors, serially 

Into three 60o«^ syringes with the aid of a butterfly needle to allow



I th* ayring«« to ba ehangad aaally. Tha blood vat transfarrad 

I dlractly into a Duran bottla (SOOcm )̂ containing approxinataly 10 

' bant Mtal paparcllpa« and dafibrinatad by gantla rotation of tha 

: bottla for approxlaataly 15 minutaa.

Into duplicata oenieal tubaa (50c b^ polyatyrana)« Parcoll (IScb^i 

adjuatad to a danaity of 1.076 ga/en^ in 0.15b  HaCl) waa placad. 

Dafibrinatad blood (Sl.Sca^ aliquota) waa carafully layarad ovar tha 

Parooll and tha tubaa cantrlfugad (15*C> SOOgt 30 nlnutaa). Tha 

■Mtonuclaar call band waa oollaetad ualng a Paataur plpatta and 

waahad (lOOg; 10 ainutaa) in Madlum 199 (prawaraad to 37*C). Than 

tha oalla wara auapandad in cultura aadlun (awdiua 199 containing 

haat inaetivatad, fatal ealf (10 parcant) v/v) and horaa aarua (10 

pareant v/r) and antlblotica; aaa Saetion 2.2.1.) to a danaity of 3 to 

4 X 10^ oalla p4r ca^, and Icb^ portlona aaadad into walla of 24>wall 

Linbro plataa. Nmolayara wara aatabllahad aa daacribad in Saetion

2.2.7.. Any calls raaalnlng in cultura bayond 96 houra had half of 

thalr culture nadlua raplacad by 0.5cb3 of prawarawd fraah culture 

■adiuB, at thla point. Incubationa with tha radiolaballad aubatrata 

wara oonaancad at varloua tinea (usually 48, 24, 3 hours) prior to 

tha and of tha axparinant. Substrata additions wara achiavad by 

ranoring O.len^ of culture nadlun and replacing it with O.lcn^ of a 

warned solution of tha radiolaballad substrata nada up in culture 

nadiuB. In addition, substrata waa added to oall^fraa walla 

(containing 0.9en^ of cultura nadiun only), for a period of 48 houra> 

to datamina tha dagraa to which tha substrata bound to tha wall 

itself.

Incubations wara tarminatad at tha sane tine aa follows. Proa each 

wall wara ranovad duplicata 20C(pl (Finnpipatta) portions of



pott-eultur* Ndluai to MCh pertien «a« addad 300^1 watar (a 

atandard eountinq aoluaa of O.Sea^ waa ehoaan to anaura 

oo^arablllty) and thalr radioaetlTlty Maaurad vith a 1262 

Ce«pu-9ama qama oountart

Kaxtf tha raMlnln^ cuitara Mdlua «aa aapiratad froa tha «alla ualng 

a long-fora Paataur pipetta attaehad to a aachanlcal puî >» «hleh had 

boari adjuatad to roduea tha auction. Tha calla «ara «aahad by aix 

chan^aa of «ara aadlua (t.Oea^ pertlona). Mtar tha final aaplratlon 

NaOH aolotien (0.5 aolaa/litrai O.Sca^) waa addad to aach «all, and 

tha calla raincubatad fot a furthar hour to anaura aelubiliaation of 

tha calla.

Tha dibatta «ara therou9hly aixad uain? a Pinnpipatta. Di^aat 

(4S()|al) waa cellaetad and Mda to S00;il wlth NaOH 

(O.Saolaa/litra), and uaad tot radioactiwity and protain 

dataraination. tha valuaa for eoll-protain and radioactWity par 

«all «ara calculatad by aultiplyinq tha aaaaurad valuaa (on 900 or 

4S0ul) by a factor of 1.11 (1000 4 900 or 500 4 450).

Tha data ralatinq to aach «all «ara uaad te calculata a "elaaranca” 

valúa, l.a. tha v o Iism of cultura aadluM wheaa oontant of 

radioaetlvity had bacooM eall*aaaeeiatad, axpraaaad par mq of cali 

protain. Tha ealeulatlon waa «ad« uainq tha feraulai-

Claaranca • eall-aaaoolatad radioactivity (cpai par watt) 

Radioactivity of oadiua a Cali protain 

(epoi par ̂ 1 ) (»a par wall)

Tha unita of claoronea ara thua ̂ 1  par «9 protain.





s .t. nmooocTioH

Ih* laportane* of Motrtalning that« in th* atll-aystm finally 

Mtabliahnd In Chinar 4, aonoertaa vara aaturlng into aacrophaaaa 

waa aaiphaalaad in Sactlon 4.4. Tha nacaaalty for oaing aavaral 

dlffarant aarkara to chack thla naturatlen waa alao atraaaad. In 

thla aaction, wa daaerlba aavaral bloehaadeal aaturatlon aarkara« 

whleh wa bava uaad te a^laaant tha aorpholealeal and cytochaad.eal 

erltarla uaad in tha initlal werk daaeribad in Chetar 3.

5.1.1. Walationahip batwaan gali mmtoar. oall«protain and eall-DW 

In aonocyta/aaerophaaaa

Ona paraaatar oftan uaad to halp varify aonocyta-te-aaerophaaa 

diffarantiatien ia an ineraaaa in tha pretain oontant par call. Aa 

datailad In faction 1.2.6.4., thia ineraaaa uaually ooeura around tha 

fourth day of oultura, and in aada avidant by a eentinuina daeraaaa 

in oall madMr with tlaa, idiilat tha aaount of call pretain atarta to 

ineraaaa. Hathoda tot datanininy than# two paraaatara have already 

baan uaad in Saetiena 3.3.T and 4.2.1. Kewawar tha nleroaoopie 

■athed pravioualy uaad to aaaaaa oall nui^r. although adequate for 

tha aarliar awparinanta (where wa ware looking for aajor dlfferaneaa 

in tha nuabara of aAtarant ealla iaelatad by varioua aatheda). waa 

not oonaidarad aeeurata anou^ for tha praaant atudiaa. Tha problaa 

with tha taehniqua ia that aDnelayara are not alwaya evenly 

diatributad, and tharafora tha datarainatien eould nia>rapraaent the 

actual eall number. To avoid thia problem, it waa decided to detach 

oalla froa tha culture vaaaal and to count oalla in tha raaultant 

auapanaiona.



in Stetien 3»Y*3.* Howtvtr« with wuiy datiehaant «ttheda (tig. otlnq 

trypaln or vtritnt)« tht looitd etili efttn elvuiv tnd tra net titlly 

diiptritd» Btetuat of thli It wta daeldtd to uat tht nathod of 

Onktltii and Sli«i (197S),«hi^ cttrccatitht probit« by lyaln? eallt 

In Triten eontalnlnt tthylant-diamlnotttrioatle aeld and oountin^ tha 

nuelti dlaptrttd In tha lyiataa* Althou^h Onkalaaa and tiian (197S) 

uaad a haanocytoMtar for nuelal eounti» «a had tha faellity for 

Ceultar-eountlnqi tharafera thii wai lapleyad« balng a quiokar 

•athed.

8«T*rtl Mthedt «r* i»«d to etili« tiny of «hieh irt dttilltd

Slnea tha protaln-te-DMA ratio haa baan rapertad to Incraaia aa 

■onoeytaa aatura into nacrophagaa (Knl9ht a foutar, 1992)« tha M A  

eentant waa alio aaiaaiad in ealla of aarioua a^aa. It waa 

anvlaagad, ewin? to tha aaall nuabari of ealla in aaeh wall« that tha 

valuta obtained lor eall-ORA would ba lew« and tharafora a 

fluorioatric aaaay vaa ehnaan. Tha «athod aalaetad waa vary 

aanaitiva« the lewar dataction limit baing In« DMA« and waa uaaful 

baeauaa it waa poaaibla (unlika othar aathoda) to datarmina 

eall-protain for ealla in tha aa«a aaapla.

9.1.2« Stiaulatad lyaoaowal aniya ralaaaa fro«

«onocyta/macrophaqaa

Aa daaeribad in Saetien 1.2.9« anethar paraaatar fraquantly uaad aa 

an indicator of «enoeyta*to*««oropha9a diffarantiation ia ■ «irkad 

ineraaaa in tha aaeration of lyaoao«al aniymaa in raaponaa to eartain 

phaqooytic atiauli« particularly thoaa with Arenie inflaanatory 

potantial tueh aa opaenliad partielaa« a.«, lymoaan. Thia aaeration 

by tha diffarantiatad ealla ia net la «irkad if unepaeniiad partielaa



(••9. polyttyr«M) ar* ui«d.

This rssponss has baan rapertad In datail by Xnl9ht a Soutar (1982) 

and Nusson at al. (1980)t both daseribad only a saall Ineraasa In 

hsicoaaainldasa sacratlen with unstlaulatad eallSf as oalls «fsra 

■alntalnad la ealtara« but vlth oslls stlailatad with opsonlsad 

syaosan a aodarata Ineraasa In haxosaalnldaaa sacration up to tha 

fifth day In oultura was saan, follewad by a vary sharp Ineraasa 

bayond Day 5. Tha saeratory rasponsa of tha ealls to unopsonitad 

partlclas (pelystyrana) dlffaradt Nusaon at a ^  (1980) raportad tha 

pattern of sacration to ba tha aaaa as tor eysosan-stlnilatad oalls 

up to Day S« after which (rather than the sharp Increase) only a 

steady Ineraasa was saani whilst Knl^t • 8outar (1982) reported tha 

pattern to ba vary slsillar to that saan for tha unstlaolated oellsi

$,1t3« ParoKldase activity In aonocyte/^acrophaoas

h farther mrker of nonocyte-to^uerephaoe aaturatlon la the lose of 

peroxidase activity over the first few days of culture (see Section 

1.2.8.). Peroxidase catalyses the oxldatien by hydroaen peroxide of 

several or9anle subetrates. In aonocytee. the w i n  role for 

peroxidase Is wall established as balne Involved In antlaleroblal 

activity (Klebanoff s Clark, 1978). Tha antyne reacts with hydroaan 

paroxida and hallda ions to fern potent nlcrobkcldal aoants suoh as 

hypechlereus acid (which oxidises oytoehrenaa and nueleotldss, 

therefore dastreyln9 electron-transpert eheine and dsplatlne 

nucleotide pools, laadln9 to oell-daath).

Xt Is bellevad that nonocytea do not synthasita parexldasa, eoquirlna 

tha ansyne frasi the precursor oolls the prononocytee. The



lOl

■onoeyt««dirlT*d ■•croph«9« npldly loa«t all parexidat* aetlvlty 

(Da«w at >1«> 1979)* Tha fata of paroxldaaa la not aatabllahad, 

although It la known that parexidaaa-eontainln? ^ranulaa fuaa with 

phaqoaoaaa aa tha aonoeytaa natura« It la poaalbla that tha antyna 

ia than dagradad by lyaoaonal hydrolaaaa aa daaorlbad by Stainnan a 

Cohn (1972) for tha fata of intarlorliad heraaradlah paroxldaaa by 

■ouaa paritenaal naierc^agaa«

Datactlen of paroxidaaa activity nay ba aehlavad eytoehanleally, 

alnea tha aniym oxldltaa aavnral dyaa in tha praaanea of hydrogan 

paroxida. aiochanioal aaaaya a n  uaually baaad on althar tha 

production of eelourad oxidation producta or on tha diaappaaranca of 

tha hydrogan paroxida. A wlda varlaty of hydrogan donora hava baan 

uaad In auch aaaay ayatana, but nany ara earelneganle, for axanpla 

o-dlanlaldlna.

For our purpoaas a qualitativa eytoehanleal aaaay waa oonaldarad 

Inadaguata and tharafora a raeantly davalopad quantitativa paroxldaaa 

aaaay (tferthlngton tnaynaa, 1982) waa cheaan« which aag>loya a 

non-earclnoganlc hydrogan donor.

5.1.4. Lattata dnhydroganaaa activity In nonoeyta/nacrophagaa

Lattata dahydroganaaa la a ublqultoua natabollc antyna. It la found 

In tha eytoplaaa of calla» and la raaponalbla tot tha Intareonvaralon 

of pyruvata and laotata. Aa daacrlbad in Sactlen 1.2.6.4.» an 

Incraaaa In tha apaolflc activity of laotata dahydroganaaa haa baan 

raportad aa nonocytaa a n  eultund ̂  vitro (O'Oerlalo at al.» 1984). 

Additionally tha ralaaaa of laotata dahydreganaaa la uaad aa an 

Indicator of call lyaia (Hanabarg at al.» 1984). It waa dacidad to











datcraliM both etll*Maoclat«d and ralaaaad lactata dahydro^anaaa, 

both te eontrlbuta to tha data on oall natoratlon and alae to qira an 

Indioatlon ef odU daath. Per thla purpoaa« ovlnq to tha anali 

nuabara in aaeh «all» a hlqhly aanaitlva fluorlaatrlc aaaay waa 

ehoaan.

5.3. CXPPRINBfTAL NRItODS

All tha procaduraa adeptad in thia Baetien ara daacribad in Chaptar 

2. Purthar dataila of tha ai^riMnta ara daacribad in tha followinv 

raaulta Sactien.

5.3.1. call-pretain, DWA and oall iwfcar in oalla ef farioua aqaa

Calla «ara ebtainad froa thraa donerà (t.J. i D.O. i J.H.) and oulturad 

by tha dafinitiva aathed aa daacribad in Sactien 4.5.« Aitar calla 

had baan in cultura for varieua parioda (0, 2, 5 and 7 daya)«

calla in duplicata «alla «ara uaad to datanina cali nuabara aa 

daacribad in Saction 3.2.11.i and calla frea two furthar «alla, for 

beth M A  and protain dataminaticna, aa daacribad in lactlen 2.2.12.. 

Fifuraa 5.1.1. and 5.1.3. ahow tha valuaa ebtainad fer cali nuabar, 

protain and DMA for oalla aftar varieua parioda in cultura. Bach 

paraaatar ia ai^raaaad aa a pareanta9a of tha initial aaan valua 

ebtainad for DayO oalla. In noat oaaaa daplieata valuaa «ara cleaa. 

With all thraa donerà tha cali nuabara dacraaaad aharply ovar tha 

firat two daya in cultura to abeut fifty parcant of tha Initial 

nuabar. Aftar tha aacend day in cultura a furthar but only aliabt 

dacraaaa «aa aaan with two of tha donerà (B.J.» J.N.), with tha third



Duration of 
culture (days)

Cell noBber x 10^ Protein ag/Vell IMA )19/Well

0 7.1 t 0.1 0.039 ± 0.001 7.1 t 0.4

1 5.0 i 0.5 0.028 t 0.002 4.8 1 0.4

2 3.9 t 0.4 0.022 i 0.003 2.9 t 0.3

5 3.6 i 0.3 0.026 t 0.001 3.8 i 0.2

7 3.6 t 0.3 0.037 t 0.001 3.8 i 0.2

C h a w t  In e«ll nq«bT. protila eonfnt *nd D W  c o n f  nt of

T»bl« 5.1.

■onocytt^crophaqf >t v t Iou» ttaqtt of ■■turatlon

Each value rapraaanti the awan i standard error of three detaralaatlons 

(di^lleate wella for e a ^  of three donors)-. -

The exact details of these experlaents are 9iven in Sectim 5.3.1.



Proteln-te-DW retloi for »onocyte/mecrophegee *t verloue 

atagee of maturatlwu pyoteln ■qa-to-DW »ga

Table 5.2.

Deration of 
culture (day* 8.J.

Oonora.
0.0. J.H.

Mean (i atandard error)

0 4.5 5.5 6.1 5.3 1 0.3

5.4 4.7 5.8

1 5.6 5.9 5.3 5.8 t 0.2

6.1 6.4 5.7

2 6.5 4.7 4.8 5.6 i 0.3

6.4 5.3 5.6

5 7.7 8.3 8.5 7.6 1 0.5

6.3 8.9 6.2

7 8.5 10.6 10.0 9.9 t 0.5

8.2 11.1 10.9

Tha exact detalla of theae experiaenta are given in Section 5.3.1t



(D«0.) Mil nunbari r«Mln«d atabl*« In M Ch m m  th« tnount of DMA 

p«r voli e l o M l y  pnralltlod th« M il nu«b«r«. Th« prot«in v«lu«« all 

folloMd th« a «M patt«rn, with a dacrtaa« ov«r th« first two day« In 

eultur« follewad by an Incraa««* Th« «1«« of th« d«er««i« varl«di 

with two donor« (O.O.i J.H.) th« d«cr«««« waa to approxlaataly half 

th« initial v«lu«> and with th« third donor (8*J») th« d«cr«a«« wa« 

m c h  1«««. With all thr«« doner« th« prot«in vaio«« aftar a w««k in 

cultura war« «iallar to th« Initial walu« on Day 0. Tabi« Sil. show« 

th« a««n abaoluta valu«« for aach paraawtar« and Tabla S.2* th« ««an 

prot«ln/DNA ratio« for «ach «9« of Mil. Fro« th««« raault« it w m  

Mleulatad that a Day-0 call eontalnad on avaraga approxlaat«ly S3p9 

protain and 10p9 DNAi and a Day-7 Mi l  t03p9 protain and lip« DMA.

Th« pretain/DHA ratio alneat doublaa during tha first waak of cultura,

S.3.2. Haxesaainidasa ralaa«« fro« «onocyta/wacrephaM«

Bleed was obtained fro« thr«« donors (6.8.1.> N.R.> J.c.) and 

•enelayars praparad as dascribad in 8«etlM 4.S.. Calls war« 

■aintalnad in cultura for to 12 days in tha usual way (8«ction

4.5.). Calls at various stag«« of «aturation (Day 2, 5, 9 and 12) 

w«ra usad to datantina haxosanlnidasa ralaaaa upon phagocytic 

challanga, using tha proMdura datailad in 8«ctien 2.2.13.. Briefly 

this proMdura involved prawashing tha Mils, than incubating Mils 

in duplicata sets of walls tot 4 hours in aithar "axparlaantal 

awdiu«”, or in "axpariaantal ««diu«* with pelystyrana bands (4 x 10^ 

baads/c«^) or opsenisad sysosan (0.38«g/Mi^) addad. Nadlu« aaaplaa 

war« than oollaotad and tha aaeunt of hanosaalnldasa ralaaaad ever 

this period datantlnad using tha assay dascribad in Baction

2.2.13.4.. The Mils thaasalvas war« either digested in NaON or 

Triton X-100 to provide sasplaa for protain and intraMllular
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henosSBlBldase d*t*rmlnatient M  4Mcrlb«d in Saetlon 2.2«13.S.

Flqar«* 5.2.t. to 5.2.2. «how th« r««ulta of th«*« *icp«rlMnti. With 

•11 thr*« donor« It 1« «««n th«t th« oall-protoin t«1u«« 

pro4r«i«iT«ly lncr««««d •• th« o«ll« w«r« ■•int«ln«d In eultur«, and 

that th« pr«««no« of «lth«r opaonli«d tyaoaan or pely«tyr«n« b««d« 

did net aff«et th« ««ll'prot«!« valtMa. In th« studi«« pr«««nt«d 

ahev« (Baetion 5.2.1.) «« d*aen«trat«d a «lallar incraa«« in e«ll 

protaln a« th« eall« war« oultur«d for to 7 day«. H«r« It 1« ««an 

that this Ineraaaa oontlnu«« a« o«ll« ara cultured for lon9«r periods 

(up to 12 days). Tha intraeallular haxosaeinlda«« velues of 

unchallaneed osila ara sean to inora««« between the seoond and 

twelfth day of oultur«. 171« aaount of ansyae released into the 

•adiue daring the four hour ineuhatien period slowly increased, «van 

in the abaenoa of partielaa. ffowavar, with oella incubated with 

either polystyrene or syeosan particlas, a greater ineraasa in tha 

•aeunt of ansyea released was ebaarvad between the second and fifth 

day of cultura, followed by a very sharp increesa in oalls incubstad 

with opaonlsed lyaosan, bat rathar little change with thosa incubated 

with polystyrene beads.

5.2.2.- Ferosidesa activity in spnoeyta/aserophages

Blood was ^talnad free thraa doners (N.B.i R.D.i P.ff.) and eall 

•onolayars obtained and cultured as dsscrlbad in Seetien 4.5.. At 

various stsgas of cultura (Day 0, 1, 2, 2, 4 and 7) cell and nadiue 

sasplas ware G a i n e d  as dsseribad in tsctlon 2.2.14.1., and their 

peroxidase activity datarainad as described in Section 2.2.14.2.. 

Figura (5.2.1.) shows the results of those axperiaants. It esy be 

saan that, for aaeh donor, thara was a decrease in parexidasa



Tiblt 5.3.

lntr>ctUuUr oonunt of pwoMld»—  of e«ll» of Wien» aa*«

Duration in 
cultura (daya)

apacific activity of paroxidaaa int« 
Unita*/^rall Unita^ call-pretain

0 0.018 i 0.001 0.24 t 0.03

1 0.009 t 0.001 0.18 1 0.03

3 0.007 t 0.001 0.16 ± 0.02

3 0.004 t O.OOS 0.13 t 0.01

4 0.000 0.00

7 0.000 0.00

Bad) Ttlut rapraaanta tha aaan ± atandard arror of nlna dataralnatlona 

(triplleata walla for aaeh of thraa donora).

Tha axaet datalla of thaaa axpariaanta ara givan in Saction S.3.3.

*1 unit ■ tha dacoapeaitien of l^anl hydrogan paroxida par 

■inuta at 35*C| pH 7.0.



•ctlvity par wall at tha oalla Mturad. Tha ansyaa waa undatactabla 

by Day 4* Thara la aaan to ba llttla variation batwaan triplicata 

walla tram tha aaaa donor on any particular day; alto thara la llttla 

donor-to>doner variation* donor N.8. ^Ivln^ allghtly higher antyna 

valuaa ovar tha flrat faw daya.

In vlaw of tha dacraaaa In oall*protain content par wall pravloualy 

obaarvad ovar tha flrat faw daya In coltura (Saetlon S*9*1.)* It la 

particularly laportant to axpraaa thaaa data aa paroxidaaa activity 

par mg protain, and thla la ahown in Fluirà S.3*2«* tt aay ba aaan 

that thara la not only a dacraaaa In tha activity par wall but alao 

In tha apaclfle activity« Table 5«3« ahowa tha aaan (t t«l*) 

paroxidaaa valuaa for tha three donerà. No paroxidaaa activity waa 

found In any of tha aadluai aanplaa.

S.3»4. Lactate dahydroaanaaa activity In, and ralaaaa fro«« 

■onecyta/aaerophagaa

For thaaa ai^arlawnta aonelayara of calla wara obtainad In tha uaual 

way frea 6 donerà (0.8.; ft.D.) L.8.t J.l.L.» F.Q.) F.R.). Vlth oalla 

culturad far varloua parloda up to aavan daya« aanplaa ef both aadlu» 

and oalla wara obtainad aa deacribad In 8action 2.2.15.1«. Saaplaa 

wara aaaayad tot lactata dahydroaanaaa actlvlty aa daacrlbad In 

Saotlon 2.2.15.2.. In thaaa axparlaanta« although duplicata 

datarminatlona wara parforaad« aaaplaa wara takan only froa aingla 

rathar than duplicata wallai tha raaaon waa that aoa» of tha oalla 

obtainad frea thaaa donerà wara uaad tor u^taka axparlaanta« tha 

ràaulta ef whlch ara praaantad balow (Saetlon 6.3.4.)«
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FÌ9 ir«« (S.4t1. to 5.4.6.) thew th* r«aultt of thMO «xporlaonta. 

rintly, it la aaan that ^anarally, tha eaU-pretaln valuta 

initially fall« than rota aa tha calla «ara aaintainad in cultura.

Tha apacfie activity of tha ancyaa ia aaan to riaa quita drasatically 

up to tha third or fourth day in cultura for thraa of tha donora 

(O.t.i R.D.» L.t.)« aitar which tha pattam «aa variabla. With tha 

othar thraa donora no elaar pattam «aa found. Tha aaount of laetata 

dahydreqanaaa ralaaaad into aaru»*fr«« aadlua ovar tha four^hour 

pariod la aaan to ha uaually lata than ena parcant of tha total 

anayM activity. In ena «all thouqh tha valua «aa vary high 

(approxlaataly parcant)t thia rathar odd raault ia thought to ha 

dua to a pipattinq arror.

5.4. D18CUS8I0M

In thia aactlon «a diaeuaa tha vaio« of tha varioua "Baturation 

narkara* «a aaployad te aaeartain •onocyta^tO'Baerephaqa 

tranaferaatien. and alao tha i^<xtano« and raaaena for having te uaa 

•«varai of thaaa paraMtars.

5.4.1. halattcnahip batvaan oall*protain« DWA and cali nuBbar for 

Bonocyta/Bacrophagaa

Ona ef tha Boat «idaly uaad "aaturation aarkara" ia an inoraaaa in 

tha pretain oontant par oall (taction 5.1.1.). In 

Bonecyta/nacrophagaa culturad uaing tha dafinitiva oall'cultura 

•yataa daacribad in taction 4.5.« «a oftan found a cleaa oorralation 

batvaan call nunbar and oall-protain ovar tha firat fa« daya ef 

growth, loth paraBotara dacraaaad uaually by tha aaoond day in 

cultura te approxiaataly half their initial valuaa« after «hich tha



0*11 Ruabart raatlnad fairly eonatantr «hilat tha protain valuaa 

atartad to Ineraaaa. Thla rapraaanta an incraaaa In tha protain 

oontant par oall bayond Day 3 to 4. Oar raaulta ara In eloaa 

agraaaant with thoaa of Johnaon at al. (1977), who raportad tha 

ineraaaa in protain par oall to oeeur around tha fourth day in 

cultura.

Sawaral authora do not report an initial la^pariod bafora tha 

ineraaaa in tha protain oontant of ealla, but in aavaral of thaaa 

atudlaa tha oalla wara net axaninad batwaan tha firat and third day 

of eultura (Wakagawara at al., 1961i O’Deriaie at al«, 1994).

Howarar Knight a Seutar (1992) and a faw othar workara, do poaltiwaly 

rapert an aarly ineraaaa in tha aaount of protain par oall* 

Diffaranoaa in tha tiaa of onaat of thia paranatar ara probably dua 

to diffaranoaa in eultura oonditionat for axanpla in tha atudy by 

Knight 4 Soutar (1992), ealla wara naintainad in autelegoua aana, 

and in our eultura ayataa horaa aarun and fatal calf aarua wara 

appleyad. Ha oaleulatad that aonoeytaa (Day-0 ealla) oontainad 

approxlaataly SOpg of protain par call and tha oldar Day-7 ealla aera 

than doubla thia Mount. Johnaon at a ^  (1977) rapertad that tha 

young (Day-0) oalla oentalnad alightly higher aaounta of oall-pretain 

(92pg par oall) than wa found. Although thay uaad tha aaaa asaay aa 

wa uaad, agg lyaotyaa waa uaad as tha protain standard, rathar than 

bevina aarua albumin, and it waa net elaar how wall tha ealla wara 

washed (to raaova sarua protain) prior to tha assay, (in our ayataa 

ealls wara washed six tiaaa). Beth of thaaa faotera nay have 

oontributad to tha alightly higher protein values raportad by Jehnaon 

at al. (1977). In tha atudy by Knight 4 Beutar (1992) tha DMA 

eentant of ealls waa used to indieata tha nuabar of oalla. Xt is 

generally aeoaptad that with nenecyta/aaerophagaa there is a eleaa



eorrtlatien batwaan oall nuabar and DMA eontant« In our eall ayataa 

wa wara abla to daaenatrata thla» for tha pattam of dunga aaan for 

tba aaount of DMA par wall daring oall cultura waa vary alallar to 

tha changa obaarvad in tha eall nuabara. Baeauaa of tha eloaa 

ralatlonahlp batwaan oall nuabar and DMA, wa alae find an Ineraaaa In 

tha protaln«to*OMA ratio» aa calla aatura In eulturai thla ratio 

doubled ever tha flrat weak In cultura* Knight A  Soutar (t982) alae 

raportad a alallar Ineraaaa In protaln*to>OPA ratio ovar thin period 

(apprexlaataly 3*foId)*

In oonclualen, aenoeytao cultured In our eall-ayataa, wara found to 

hava Ineraaaad aaounta of protein par eall with tin» In culture 

(ueually occurring around tha fourth day) a ^neaanon racegnlaad aa 

one of tha ooienly used narkara of eall naturatlen. In addition, 

eolia wara aloe found to daa»natrata an Ineraaaa In thalr 

protaln>te-OHA ratio daring cultura, a further but laea cewenly uaad 

"saturation aarkar".

Tha flrot of thaaa paraaatara la vary valuable for aonlterlng ooll 

aaturatlon, aa tha preeaduraa aapleyad f<» protein and eall nuater 

datanilnatlena are taehnlcally aaay and are often already In uaa In 

tha atandard laboratory. Nhara Ceultar nachlnaa are net available, 

eounta can be nada ualng a atandard counting ehaabar* It la 

Inpertant to rasaabar that cna cannot alaply OMiaura oall-protaln and 

uaa thla aa a "Maturation asrkar" without aaaaaalng oall nunbara, for 

It la highly prebahla that In aoMO oaaaa where axeaaalva oall'loaa 

oocura a dacraaaa In eall*protaln oould ba found aa oolla Matured, 

even though tha aaeunt of protein par oall waa Ineraaalng* It la 

known that ealla frea aoM donora are not aa adherent aa othara, and 

alao tha proeadura for changing half of tha aadlu* on Day 4 could



•Mlly nralt in anil l oM m  a niabnr of ealli * m  known to b* in 

■uiptntien. Nararthnlani wharavor nn IncrMi* in enll-protain in 

nnnn, this is sn indiestion of osll nsturstion. Ths sseend asrksrf 

i«s* sn ineruss in protsin/DNA rstie« although ^ivinq sinilsr 

infonwtion to ssssssinq protsin par onll> involTSS s vary 

tiBS-oonsuninq assay for DMA, and tharafora tha foraar aarkar was 

eonsidarad aora valuabla. Tha naxt "aaturation ^arkar” discussad is 

also vary tias*eonsuninq bot> as wa shall saa, providas a 9 >od piaoa 

of avidanca for osll diffarantiatlen.

5.4«2. Stlilatad and unstianlatad ralaasa of lysosoaal aniyaas

froa aonocyta/aacrophaqas

As dsseribad in Saction Sit.2., ona coaswnly usad aarkar which halps 

to dsaenstrsta nonocyta«to-aaerophaqa aaturation is tha qraatly 

stiaulatad ralaasa of lysosoaal ansyaas in rasponsa to opsoniaad 

partidas» whleh is obsarvad in aaorophaqas but not aonocytas. In 

oar osll'systaa wa daaonstratad this for oalls culturad bayond tha 

fifth day. Thasa *oldar" oalls ralaasad far aora ef tha lysosoaal 

anuyas haaosaainidasa than tha "younqar” oalls» in rasponsa to 

opseniiad syaossn» In addition» wa showad that whilat tha *younqar* 

oalls ralaasad siailar aaeunts of antyaa «han diallanqad with 

unopsonlsad polystyrana, tha oldar oalls did not show tha aarkad 

ineraasa in saoration saan with opsoniiad tyaesan. tt still raaalns 

unelaar «hy oalls raspond diffarantly to tha twe typas of partida» 

Sinos siailar ineraasas wara not saan «han no phaqecytic ohallanqa 

was prasant» it «as eonoludad that tha obsarvad Ineraasas wara not 

asraly dua to tha eenoomitant ineraasa in intraeallular ansyaa 

aotivity that «a also obsarvad as tha oalls aaturad.



Thls Mrk*d InerM«« in dngranulntion e b a c m d  «ft«r th* flfth d«y In 

cuitar* «h*n o*lli w«r* ehalUn^cd wlth op*onlt*d gyae*«n (and not 

vh*n calla w*r* dtall*n9ad «Ith polyatyrana or anehallano*d) occurrad 

at th* aan* tlM aa In prtvieualy reportad atudlaa (Knlqht a Soutar, 

1M2; Noaaon at al.» 1980). Iti* axtant of tha Inoroaaad aacratlon 

ebaarrad (In raapona* te opaonlaad ayaeaan) batwaan th* aaoond and 

twalfth day ef cultura, approxluataly twe^fold, waa th* aaaa aa th* 

incraaaa obaarrad by Knloht ft Soutar (1982). tn oentraat, Noaaon at 

al. (1980) reportad a graatar than tan-feld incraaaa ovar thia 

paried. It waa not olear why Muaaen at a ^  (1979) reportad graatar 

incraaaa* for in all thaa* axpariaantar wary ainilar oonoantratiena 

of ayaoaan and lata« war* «aloyad, and ainilar nuabara of oalla, 

axcluding th* peaaiblllty that th* partiel**to*call ratio waa eauaing 

tha diffaraneaa. It aaana prohaM* that th* dlffaraneaa war* du* te 

wariation in th* donerà uaad, th* oall iaelatien antheda, and th* 

cultura oonditien*.

Va war* oonfldant that th* aaaay uaad to aatiaat* haNoaaainidaa* waa 

truatworthy, for not only war* duplieata valuaa elea*, but th* 

intraeallular anxyaa value* w* obtained (Day2 oall* 2.23 ± 0.32 

unita/ag protein and Day9 calla S.48 t 0.27), eeaparad vary 

favourably with thea* pravleualy rapertad. Spatain at al. (1981) 

uaing a aiallar flueriaatrle aaaay rapertad for Oay-3 eolia 1.7 i 

0.09 onita/ag protein, and for oay~7 eolia 4.7 t 7.4, (0ay*9 oall* 

war* net *tudi*d)r and Knight a Ooutar (1982), ualng a 

apaetrephotoaatrlc aaaay reported for Oay*2 eolia ^rexiaataly 2 

unlt*/%g protain and for Day-9 eoli* approxiaataly S. Muaaon at al. 

(1980) uaing a apactrophotoaatrle aaaay did net report intraoallular 

lavala diraetly, but rather tha total culture oontant of th* anayaa. 

nowavar, ainea tha proportion ef anxyaa ralaaa* m * alae given, U  i*



of eoll-^rotoln for Day-2 and -7 oolla» thaaa valaaa ara 

approxlMtaly 4000 and 48;000 unlta/ag protalnt Although thaaa 

valuaa ara only rouqh ^^rexinatlons« thay ara vaatly 9raatar than 

tha valuaa aa ebtalnad and thoaa rapertad by Cpatain at al» (1M1) 

and Knloht a Soutar (1942). It aaa not elaar why thaaa valuaa vara 

ae hlahf but It la aorth noting that Nuaaen ^  al. (1960) hava alao 

raportad m ch hlghar pretain valuaa for thalr oulturaa« a factor thay 

attrlbutad to dlffaranoaa in eultura oonditlona.

In eeneluaion, thla axparinant provad uaaful» for aa aara abla to 

danonatrata oall aaturatlon on tao groundat firatly by tha ebaarvad 

draaatle Ineraaaa In lyaoaoaal anayaa aaeratlon in raaponaa to 

opaoniiad aynoaan obaarvad aftar tha fifth day in mltura, and 

aaeondly by tha Incraaaa in intraeallular lavala of tha antyaa 

obaarvad daring oall-eultura. In addition aa vara alao abla to add 

to tha pravioua avldanea for an incraaaa in oall-pretain raporting 

hara a oentinuad ineraaaa ahan oalla aara eulturad bayond aavan daya* 

Although thla procadura la rathar tina-oonaunlng, it provad to ha 

uaaful aa a naturatlon aarlcar.

5.4.3. Hroxidaaa activity in ■oneerta/nacrophaaaa

potalbl* to MtlMt* th« intraealluUr If «Kpraiiad in t«rw

In addition to tha narkara of call Maturation )uat daaeribad, va aara 

ahla to daaonatrata a loaa in parexldaaa activity. Thia anayna aaa 

prograaalvaly loat aa tha oalla vara naintainad in cultura« ao that 

ealla eulturad bayend tha third day oontainad ito paroxidaaa activity. 

It vaa elaar that tha anxyaa vaa not baing aaeratad by tha oalla tor 

va oould not dataet ita praaanoa in nadiun aaaplaa. Our findinga 

vara in eloaa agraanant vith thoaa daaorlbad by Johnaon at a ^



(1977) who r«port«d • pro9r«saÌT« d v crMM in pnroxldM« «etlvity« 

but nn abnanc« of pnroxldu* in th* Mdi«, th« lUinppMrnncn of thn 

«ntyM on Dny 4 (d«t«ct«d by ■ bieehMionl proondar«) ptrallolin« th« 

ditnppnarnne« of eytoe)Maia«lly diaeomibl« paroKidnaa-pooitiv« 

granala« in tha ealla. A goantitativa ooapariaon of raaulta »«• not 

pofltibla, for Johnaen at al. (1977) «j^raaaad thair raaulta in 

ralation tb a atandard, rathar than in unita of aetiaity* Onlika 

■yaalf and Johnaon at al. (1977), Hanabarg «t al« (1984) notad no 

ehanga in paroxidaaa aetivity in huaan aonocyta auapanalon eulturaa 

oaar thair firat 24 houra in oultura. Thaaa raaulta vara aiaply 

«i^raaaad in tana of tha ehanga in abaerbanea par ninnta, tharafora 

«iteluding a diraet ooi^ariaon «ith qr raaulta* Hanabarg at al.

(1984) alto rapertad paroxidaaa aetivity in tha "nadiua «aa^l««* (up 

to 10 pareant of tha total activity)« Ihia aaaa« te ba duo te a high 

incidane« ot oall daath, aa indieatad by an obaarvad high ralaaaa of 

LDH (10 pareant of tha total aetivity) ebaarvad at tha and of tha 24 

heur cultura pariod. Tha high oall daath rata indieatad nay haaa 

baan do« te tha laek of aaruai in thaaa eulturaa • yarexidaaa nay bava 

baan prasant in m h II guantiti«« in eur "nadiun aoaplaa”, but M «  not 

within tha dataetion Unita of tha «aaay proeadura*

In ooneluaion, paroxidn«« «aa net dataetad in eulturaa ovar 4 daya 

old, «trong «vidanea that tha ealla «ara naturing inte naerophagaa. 

Tha lena of paroxidaaa activity in naturino nonocytaa ia tharafora a 

aii^la and uaaful narlcar of oall naturation.

Oeran (1977) thought it odd that tha naerophaga, ganarally thought to 

ba tha anjor funetional phagoeytie oall in tha nonenuelaar phagocyta 

ayatan, deaa not uaually poaaaaa paroxidaaa, a najor antinierobial 

oonpenant* Ihia ha tamad tha "paroxidaaa paradox". Although it ia



9*Mrally «eeaptad that th* wtur« Mcrophag* lo««« Ita parexldaa* 

•ctlvity» a faw axcaptlona axlat* Thaaa includa raaldant ■aeropha9aa 

(in apaciaa othar than hudan) and alao aoaa toaorleidal nacrophaqaa* 

Goran (1977) in hia ravia* diaeuaaaa aridanca indioatina that thaaa 

*paroxidaaa-poaitÌTa” raaidant naerophaaaa aay raaoquira paroxidaaa 

fro« ahort'livad aranuloeytaa« «hieh thay acavanga at aitaa of 

infla— ation^and alao poinia oat that tha parexidaaa-peaitiva 

tuaerieidal aaerephaaaa aay aiaply ba raeantly alioitad nonocytaa 

(i.a* calla «hich bava not alraady loat thair paroxidaaa aotivlty)*

5.4.4. toctata dahydroaanaaa aetiaity and ralaaaa frt 

■enocyta/aacrophaaaa

Onlika tha fraquantly raportad dacraaaaa in paroxidaaa aetiflty 

durina ■enocyta-to-Microphaaa Mturation« tha dian9 a in Intraoallular 

lactata dahydroaanaaa actiaity ovar thia pariod« haa to knewlad^a 

only baan raportad by ona aroup. O ’Doriaio at al. (1984) raportad 

an ineraaaa in thia anayaa'a activity ovar a 14-day cultura pariod 

froa 0.015 t 0.007 te 0.318 i 0.097 unita par 10^ ealla (whara ona 

unit ia aquivalant to ona ̂ mk>1 nao n raduoad par ainuta). ly 

ai^raaaina thaaa valuaa in taraa of oall-protain (baaad on our 

aarliar data for eall*protain and cali nuabara ia 8aetion S.3.1»), it 

ia claar that tha intraeallular activity va feund in fraahly iaolatad 

calla vaa of tha aaita ordar of aaGnituda. Nowavari unlika O'Oorlalo 

at al. (1984)^ va aaw no claar pattam in tha antyaw’a activity aa 

tha calla «ara aaintainad in cultura» Tha raaaon for thia dlffaranoa 

«aa net ehvieua, but it aay bava baan that tha draaatle ineraaaa 

raportad by O'Deriaio at al» (l984)eoeurred «ith ealla culturad for 

lonaar perioda than 7 daya» for thay only cava valuaa for Oay-0 and 

Day14 ealla»



In our «tudlMf v«ry U t t U  «niyM m «  into th« ealtor*

Mdlua e«*r • four^heur parted (osuallr !••• than 1 pereant)» thia 

indlcataa Uttla oaU Irti*« Tha tatll aaount of antyM ralaatad 

erar four^boor pariodt wat In atraaaant with th* raaultt of iianabarq 

at *1. (1984), who rapertad that lata than 2 pareant of th* total

aniyM waa ralaaaad by Oay-0 calla ovar a aiailar parted.

Althoa^ «aaturinq laetat* dahrdreqanaa* aetivity in 

aonocyta^Mcrephaqaa did net prova uaaful aa an aid in daaonatratinq 

call aaturation, wt war* net partorbad, for th* praviana atudy of 

O'Doriaio at al» (1984) in which an incraaa* waa apparent, waa net a 

thoreu^ atudy, with no tntaraadiat* tiafpointa batwaan Day 0 and 

Day 14 invaatiqatad. It alae haa to b* aaid that our raaolt* would 

hav* boon aor* valuabl* if w* had baan ahi* to atudy otila in 

duplicata rathar than ainql* walla, llewavar, thia work did prova 

uaaful for ohaokinq call viability, for w* could now ba oonfidant, 

froa tha lew lavala of laotat* dahydreqanata in th* aadiua, that tha 

majority of th* adharant ealla war* viable.

5.4.S. Coneludlna eoaamnta

Calla aaintainad in tha cultura ayataa dtacribad in Sactien 4.5«, 

daaenatratad a nuabar of propartiaa that indioatad that thay war* 

diffarantiatinq ̂  vitro. That* includad an incraaaa in 

e*ll>protain, in th* prot*in«te>OllA ratio, in intracellular 

haaoaaminidaaa activity, and a dramatic inoraaa* in haaeaaainidaa* 

aaeration in raepena* to epaenitad tymeaam alao a dacraaa* in 

parexidaa* activity. In addition our praliminary atudiaa (Cttaptar 3) 

includad avidanc* of call-maturation from aerpholoaioal and 

cytochaadoal (ncn-apacific aataraaa) criteria, b* war* tharafera



eonfldtnt that th« eultarc eendltlens war* f«Tourabl* for tha 

tranaferaatlon of aonocytaa into Mcrophaqaa.

Thla axtanalva work M a  eonaidarad vary naeaaaary and valoabla for* 

in a atudy of thia natura, whara ealla ara baln9 invaati9atad at 

varioua ata^aa of aaturationr it ia ebrioualy of 9raat iaportanea to 

aatabliah that tha ealla ara indaad diffarantiatingt Ideally daring 

the oouraa of tha atady wa would have ehaekad oall-aaturation for 

tvary doner'a oalla uaad, but elaarly thia waa iaq^aotloabla baeauaa 

of limited oall nnatera and tha need to cheek more than ena 

maturation marker* Tharaforar to give an indication of 

eall'diffarantiatien, wa alwaya axaminad ealla for norphelegieal 

avidanoa of maturation.

A further oonaidaration, whan uaing differentiating calla, ia tha 

rata at which oalla mature. In our atudlaa tha dlaappaaranca of 

paroxldaaa activity oeeurrad at amaetly tha aama time in culture for 

each of tha donera* oalla. Thia wma alae tha eaaa with three further 

denora' ealla for tha oeeurranea of tha dramatic ineraaaa in 

haKoaaminidasa aaeratien in raaponaa to opaeniaad aynoaan. Tha onaat 

of tha ineraaaa in protain*par*oall differed between tha donera* 

oalla. and thia waa thought to indicate that thaaa calla ware 

differentiating at different rataa* It wan alae apparent that 

(unlike tha ether markara)» tha amtant of tha change in eall^protain 

differed. Thia nay have aithar bean due to donor*dapandant variation 

or due to different ration of aubpepulationa being praaant in tha 

populatiena. a point diaeuaaad in Chapter 9.

In coneluaion« although wa would net ba able to guarantee 

eall'diffarantiatien, wa have ahown that tha culture conditiona to ba







6.1. INTNOOOCTION

lUTlnq Mtahllsht^ a rtllabl* ̂  vitro enltara ayataa aultabla for 

tha quantltatlva ataAy of plnoqrtoaia In ■onocyta/Mcrophaqaa 

(Chaptar 4). and having danonatratad that In thla ayataa wmocytaa 

dlffarantlata Into nacr<^agaa (Ch^tar S), wa oould now proeaad to 

Invaatlgata tha uptaka of varlooa aacroaolaculaa during thla 

■aturatlon parlod. In tha naxt aaetlon, tha raaaona for eheoalnq tha 

dlffarant aubatrataa ara glvan.

6.1.1. ^^^l«Laballad pelyvlnylpyrrolldona

Tha flrat axparlaant plannad wat to raproduca tha ai^rluant rapertad 

by Knight t Soutar (1962), daacrlbad In Saetlnn 1.1.4., In which 

■«loeyta/^crophagaa of varloua agaa wara Incubatad with vary high 

eoneantratlona of ^^^T-laballad pelyvinylpyrrolldona (without 

•uraaln) for abort parioda. Thla would allow a dlraet oowparlaon to 

ba aada with thalr atudy.

6.1.2. ^^^l«taballad polyvlnylpyrrolldona (with aara»lH)

Tha raaaona for atudylng tha uptaka of ^^^I-laballad 

polyvlnylpyrrolldena anhanead by tha Inelualon of tha anion auraaln 

(via plggybaek-andoeytoaia) hava alraady baan eutlinad in Saetion

4.1.2..

It waa alao dacldad to Invaatigata whathar varying tha ooneantratlon 

of auraaln affaetad tha elaaranoa of ^^^l*laballad 

polyvlnylpyrrelidona or tha protaln oontant of tha ealla. In tha In 

vitro atudy daaerlbad In Saetion 4.1.4., Krattan ■ Lloyd (1963),





ttslng n t  p*rlton««l mcroph«9«t, r*port«d • tur«Bln oene«ntratlefi-d*p«nd«nt

IncTM«« in th* rat# ef <4>tak« of pelrvlnylprrrolidonat

« atMdy IncTMi« w u  M «n up to iitìp.%/ew?, wlth a aora rapid

ineraaaa attera thla oonoantratlen. Vith ethar tlaaoaa no

atiaulatlon of uptaka waa aaan. F »  axanpla, Fraaaan a LLeyd <1986)

ahowad tliat »ith yelk-aaea ef rat ooncaptuaaa (harraatad at 9.S daya

of ^aatatten), auraain baio« lOO^g/e«^ had no affaet on tha t^taka ef

^^^l'iaballad'pelyrlnylpyrrolldona, and at h l ^ r  eeneantratlona

(abera SOI^g/ea^) a radaetien M a  feund. In addltien« auraadn abora

Saq/oa^ daeraaaad tha total protain eontant ef thaaa yolk*aaeaf an

affaet attributad te Inhlbltlen ef protain v^taka» ̂

6.1.1. ^^*I-Laballad rinylaaina«rinylpyrrelldena copoiyar

Aa daaerlbad in Saetlon 1 .1 .2.2«« rarieua eatlona (a.9. tha baaic 

laeantyaa ef laetata dahydro9Maaa. and rinylaaina-rlnylpyrrolldena 

o^lyawr)« ara claarad by rat paritenaal aaeropha^aa aera 

affactiraly than thair na^atiraly or unehar^ad eoontarparta {Keelatra 

at al., 1981| Frattan at al», 1982). Tha-rlnylamlna rinylpyrrelidona 

oopolyaar haa tha atmetura ahem in flgara 6.1.. Xt waa olioaan tot 

eur atudy, alnea it ia rary ainllar in atruetura to 

pelrrinylpyrrelidona, but with ao«a oatlenle eharaetar.

in tha atudy ef Frattan at al. (1982)« twe aiiaa ef tha eepolyawr 

wara uaad (araraga nel. «t. 46,000 and 120,000), whieh rara aaeh 

radielaballad by twe aatheda, tha Belton and Nuntar raa^ant, whioh 

alinlnataa aoa« ef tha peaitira eharaa of tha oopelynar, and aathyl 

3,S*di (^^^Iliedahydroxybanaiaidata, whieh praaarraa all tha peaitira 

oharaa. Tha laballing affieianeiaa aehiarad with tha totmt raa^ant 

wara qraatar than tha lattar <i.a. approxiMtaly 19 pareant r 3



p«re«nt). Both «Ii m  ef eopolyiwr wtrt t«k*n up by rat parltoitMl 

M c r o ^ 9«t «t hl9h«r n t M  than polyvlnylpyrrelldoiM

ItMlf, th* polyMrt Uballad uslng Mthyl 3,S-dl 

(^^^lIledohyteoKybanslaldat« at rathar hlqhtr rataa than thesa 

labtlltd oaln9 tha Bolten c Huntar rat9ant. Alao» tha lardar 

polyaara «ara oapturad at ali^htly hl^har rataa than tha awillar 

oftaa*

In tha praaant as^arlaanta tha larqar eepoly*ar «aa ehoaan and It waa 

laballad oalng tha Bolten a Runtar raaaant.

6.1 »4» feraaldahyda-traatad ^^^I«laballad bovina aarua albuadn

It ta theuqht that hydrophebieity In aacroaolaeulaa Incraaaaa thair

afflnlty f<» varioaa oall aaabranaa. Aa daaerlbad in Baction

1.1.3.2., Keoiatra at al. <19S1) rapertad that rat parltonaal

■acrophagaa in altro plnoeytoaa feraaldahyda-danaturad bovina aarua

albuBin (fBBA) at wch hi9har rataa (l.a. ar^roslBataly S«) than nativa BSA, and

aiailar findln^a hava baan raportad fer othar oalla, aoch aa tha 17.S

day rat viaœral yolk-aac (Moora at al., 1977). Thaaa Ineraaaaa ara

9wiarally theoaht te ba dna te tha foraaldahyda traataant (^anglng

tha tartlary atmotura ef tha protaln to axpoaa nora hydrophobie

aitaa. It waa tharafora daeidad to invaati9ata tha claaranea of fBBA

by huaan neneeyta/aaeropha9aa. Rowavar, ainea fBBA ia rapidly

dagradad in tha lyaoaeaal aystan of oalla, it would ba naeaaaary, aa

daaerlbad in Baetien 4.1.1., to aaaaura dagradatien produeta ralaaaad

baek inte tha aadlua aa wall aa oall aeeumlation, in erdar to

datamina tha Cndeeytie Inden of thia aubatrata.



Th* M i n  ni« of th*B« «jqMrlMntB w u  te «icnalne thè rntM nt whlch • 

nsriMr of BubetrntM (dlfferinq In their phyileal propertlei) «ere 

captur«d by huMn «onocyten «t vnrleua tt«9«B ef their 

diiferentietion >

6.2. BCPBRltONTAL IBTH008

6.2.1. rretiretien of ^^^l-labelled ▼inylemine^TinyXpyrrolidene 

cepelyMr

«•tneeinialdyl 3«(4-hydroxy S*(^2^I]lodoph«nyl)propion«te (Bolton 4 

ffunter rM9*nti npplied by AMrehui lUdiochealeal Centre. Bucke.. 

C.K.) wee ueed to redlolebel thè vinylpyrollldone-rinylealne 

eopolyaer (M.W. 120,000| doneted by Brefeesor R. Uneederf.

Oniversity of Ptaini)« as deacribed by Pratten et al. (1982). Thia 

eenja^atien labellin^ Mthod had been daveleped by Bolton a Hanter 

(1972) for thè iedination of pelypeptidae. ri^r«6.t. ahowt thè 

probable reaction of thè oopolyewr with thè Bolton a Hunter re«9ent, 

baeed on thè known Mchanie« of reaotion with proteina. The 

N-auccini«ldyl qroup ia diaplaeed by free amino troupe to fora a 

eonjgqate in «hleh a radloiedlnated phenyl group ia eovalently llnked 

via an aaide bond to thè aubetrate.

Per t)M rMotien, Belton and Hanter reagent (lOOpli O.SaCl) «aa 

plaeed in a 26o«^ univeraal eentainer. and the benaene aolvent waa 

ooi^letety arapwated by applying a very 9entle atreaa ef nitrogen 

over the aarfaee. 77te oopolyMr (2.0aa) in eold (4*C) aediua berate 

buffer (I.Oea^i 0.1 aolea/litrep pH 8.9) vaa added and the alxture



w«a 9«ntly (30 alnatM at 4*C)f QlyolfM (0.2 aolM/lltr*)

In ber«t* buff«r (4 .0 ob^) v u  « M td , to oonjufit« any unr«act*d 
aitar, and tha «Ixtura agltatad tot a furthar 5 ilnutaa. Tha 

•olutlen waa than dlalyaad at rooa tai^ratura a9alnat aodlua 

ehlorida (1 parcant «/▼» 5 Ittrai) for 3 te 4 daya wlth twlea*daily 

chan^ai ot tha aodlua florida aelutien.

Tha praparatlona «ara atorad at 4*C. Tha aaount ef fraa (^^^Illodlda 

in tha aai^laa waa dataralnad by alaetrophoraala aa daacribad in 

Saetien 3.2.10*. Tha taat waa parforaad iMadiataly aftar tha 

dialyaia and prier to uaa. In addltion, to anaura that tha 

axpariaantal oonditlona did net affaet tha atahility ef tha 

radielaballad oopelytwr, tha taat for fraa (^^^iHodida waa parforMd 

fellewinq ineubatien ef tha aaapla in cultura Madiua (24 houra,

37*0.

6.2.2. Optata ef radielaballad auhatrataa by ■oneeyta^erephaaaa

Oaually tha amarai procedura daacribad in Saetien 4.5. waa uaad te 

datact tha uptaka of tha radielaballad aubatrataa inte tha calla.

Tha axact datai la ef tha axpariaanta ara pivan wlth tha raaulta.

In tha aicparlaant to rapaat that of Kni^t c Soutar (1982), prior to 

incnbationa wlth tha radielaballad aubatrata, calla wara waahad twiea 

wlth nadiuB 199 (prawamadi lea^) and, aftar tha final waah O.Scn^ of 

lipepretain^fraa BadiuB (prawaraad ■adluBl99 eontaininc bovina aarua 

albuadni Saig/ca^) waa addad to aaeh wall, ^^^l*Laballad 

polyvinylpyrrolldona waa addad in tha atandard way. Ineuhationa wara 

taminatad by tha uaual procedura, but wlth aavan 1.0ea^ chancea of 

aodlua ehlorida (0.19 aelaa/litra in Tria/KCl buffar 50



BnK>l«t/litr*) pH 7.4f eontainlnq albtatln follevad by a

farthar waab In albuain-fraa buffar. Calla «ara solabllliad In NaOR 

(O.S aelaa/litrai O.Sca^) anà aaaayad for protaln and radioactivity 

in tha uaual «ay (aaa faction 4.S.).

i.2.1. Optaba of ^^*i»laballad fff»

Nlth tha difaatibla aubatrata ^^^l-laballad fMA, in addition to 

datarainina tha radioactivity in tha aadiun and aaaociatad with tha 

calla in tha uaual way (faction 4.S.), it waa alvo naeaaaary to 

quantify tha triehloro-aeatic aeid(TCA)*aolubla radioactiva 

daqradation produeta ralaaaad back into tha nadlua. Tha aua of tha 

lattar and tha oall-aaaociatad radioactivity próvida a aaaaura of tha 

total uptaka*

For thia additional atap, aaruw (O.lea^) and TCh (20 paroantf O.Scaî ) 

wara addad to tha aadlua aai^laa (for which tha radioactivity had 

already baan datarainad)« tha aelutiona wara than aiixad and 

cantrifufad (fOOqi 30 ainutaa). Than tha aupamatant waa earafully 

pourad into a fraah tuckhaaa tuba and ita radioactivity datarainad. 

Counta wara oorractad by a factor avaluatad to account for tha loaa 

of acld«aolubla radioactivity ratainad within tha pallet after tha 

oantrifuqation and decantation proeaduraa. Thia acid precipitation 

prooadura waa alao carried out for aadlua aaî >laa fro« oall^fraa 

walla (walla oontaininq )uat culture Mdiua only) to aaa whether tha 

culture aadlua itaalf oontainad any proteolytic oowponanta.



6.1.1. Ch«r«ctTlttlei and ttabtllty ef 

ylnylaaliw-Tlnylpyrrelldon« copoly— r

Th* vinylaBiiM-rlnylpyrrollden« oopolyMr wtt l«btllt6 on twe 

eec«tlonii on th* flnt th« Ubollin? «ffieltnoy wa» 32 pareant and 

en tha aacond60 paroant. Aftar dlalyaia tha praparatlena oontalnad 

laaa than 1 pareant fraa (^^^Illodlda. Tha praparatlena wara atablat 

on atoracra at 4*C (ap te 3 aontha) or Incubation in cultura Mdluii 

(37*C» 24 houra)» ne incraaaa in tha pareant ef fraa [^^^]iedl<la waa

6.3. RfSULTS

6.3.2. Pptaha ef ^^^l»laballad pelyrinylpyrrelidena by calla ef 

aarieua agaa

m  thaaa axpariaanta tha preoadura adeptad waa aa ainllar aa peaaibla 

te that daacribad by Kni^t « Soutar (1962). Thia preeadura la 

daacribad in Saetion 6.2.2., and diffarad frea tha definitiva uptaka 

Mthod aatabllahad in Chaptar 4 in that eolia wara pra>waahad in 

MdiuB 199 prier te tha incubatien parioda» durin9 tha incubatiena, 

calla wara Mlntalnad in a aaallar voluaa ef llpopretain-fraa cultura 

■adium eontaininf ^^^l-laballad pelyvinylpyrrelldDna (rathar than tha 

uaual I.Oc«^ ef aarua centainin^ aadiua)) and at tha and ef tha 

axpariaant eolia wara waahad aera axtanaivaly in ica*cold 

albuain-centaininq buffar. In addition a parallal axpariaant waa 

parforaad in whieh eolia wara traatad in tha atandard way, aa 

daacribad in taetion 4.S. axeapt that, during tha incubationa, calla 

wara aaintainad in O.Sca^ of atandard cultura aodiai. Hith beth 

preteeela, ewina te liaitad eoli'nuntera, ineubatiena with
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polyvlnylpyrreUdon« w«r« for 3-hoor perioda only.

For thaaa oxpariaanta eolia «oro loolatod froa tho bloed of throo 

donora (O.W.> R.D.i 0.8.) and Monolayora proparod in 24-«oll Linbro 

platea (3x10^ colla aoodad/«oll) aa daacrlbod in Section 4.5. Colla 

«oro uaod for tho t^taka oxporiaonta doaeribod aboro on Oaya 2, 5, 1, 

9 and Î2 of oulturo, oach 090 of œil boing oaintalnad in an 

individui piata.

Colla «ora ineubatod for throo-hour perioda« «ith ^^^I-labollod 

polyvinylpyrrolidooa (0.22»9/aB^) in oithor O.seaî  of 

lipoprotoin-froo «adii» or O.Se«^ of atandard ealturo «adii». 

Ineubotiona «are toraiutod oithor in tho atandard «ay« or u ln 9 tho 

procodaro adoptad by Knisht 8 Soutar (1982) dueribad in Section 

«.2.2..

The rooolta of thoao axporiaonta are aho«n in Fi^iroa 6.2.1. to

6.2.3.. For t«o of tho denora (G.lf.,‘ O.S.) tho protein eontont of 

tho oolla ineruaod alonq with tho aqa of tho oell« hit with the 

third donor (R.D.) m  preqraaai«« InerMOO «as a un (soo Section 

5.4.1. for a diaeuaaion of this phonoaonon). No elur apo-rolatod 

pattern ean bo sun in tho eoll-asaociatod radiuctivity valuM«

«hothor oxproaaod as radiuctivity par «all or u  eluranooai 

■oroevor u n y  of tho valuM for radioactivity par «all «ora below 

doublo tho « un aaeunt of radiuctivity associated with eoll'fru 

«oils. Tho ranqo of valuu for this ooll-fru well radiuetivity was 

quits tarud, varyinq fro« wall to wall, and thorofero it was 

eensidorod iuppropriato, in this and other-oi^riaants» to subtract 

this value fro« tho eoll-aoaeciatod radiuctivity values. No consistent 

dlfforonuo wore soon botwun tho results uinq oolls trutod in tho



•t«ndard «*y and thoaa handlad aeeordin« te the aathod u Md by Knl^ht 

and Soutar (^982).

Ceneladln^ that t^taka of ^^^I-laballad polyvlnylpyrrelideiM in th« 

abaanca of auranln la taehnieally dlffleult ovar a ahert 

tlM-lntarval, ewin« te low i«>taka, wa turnad naxt te axparlMnta 

emductad in Ita praaanea* Wa alae daeidad Inltlally te atudy ealla 

of ana aga only but te oonduct Incubatlona ovar aavaral tlMa-parloda, 

ao aa te ba abla te dataet proqraaalva uptaka ef radielabal.

6.2.>» Optaba ef ^^^l-laballad pelyvlnylpyrrelldona <vlth varieoa

eeneantratlena ef auranln) by Day»9 ealla

Aa daacrlbad in Sactlen 6.1.2«, it vaa ef intaraat to aaa what affaot 

diffarant ooncantrationa of suraain had on tha optaka ef 

^^^1-labalIad pelyvlnylpyrrelidona. For thaaa ai^riaanta, it waa, 

dacidad to uaa Day-9 ealla, aa in tha Initial invaatl9atiena 

daacrlbad in Chaptar 4, tha «oat raliabla uptaka data had baan 

ebtalnad uaing eldar ealla. Ha alao daeidad to naaaura uptaka ovar a 

lonqar (48h) period, and to uaa donora (O.S.i A.a.i F.N.) whoaa ealla 

had pravieualy yialdad high uptaka valuaa.

Calta vara ebtainad and aonelayara aatabliahad in tha uoual way 

(Baetien 4.S.). Co— ineing on tha ninth day of cultura, incubatlona 

with ^^^I-laballad pelyvlnylpyrrolldena in tha praaanoa of diffarant 

oeneantrationa ef auranin ware atartad aa daaerlbad in Saetien 4.6«. 

Thia involvad tha raaeval of aadlun (O.le*^) and tha addition ef 

^^^1-laballad polyvlnylpyrrolidena (prawaraad, O.leu^) nada up in 

cultura aadiuB containing auranin, to giva final oonoantratlena in 

tha walla of SO^o/en^ and 0 to 1000|ig/eâ  raapactlvaly. Subotrata waa



rlq\ir< 6 »3.1«
Prottin content ef Day>9 e«Ui obtainod trem throe dMwrt 

(i) O.S.r (11) K.l> and (111) P.R., following incubations with 

^^^I-labsllad polyvlnylpyrrelidons in tha absanca (O) or 

prasanca of sviraaln at yarieua eoncantrations (•) 50pq/em̂ t 

(») 250)ig/t«’i (■) 50l)»g/ai’i (») lOOOw/e«’.

Eaeh point rapraaanta tha valua cbtalnad froa a alngla wall 

détails of thasa axpariaMts ara givan in Section 6.3.3.





Cl— r»ac» ot oolyriwrlpyrrolldon» by p»y-9 c»lU

ln th< ab— nc« or oruMno» ef rtrlou» oot>e»atr»tlei>» of ■uraain

Figur» 6»3.2.



ClMurtnc* ef Bglirrlaylpyrrolidwit by P«y-9 etili

in th« abitnc* or pr«t«ne« of vtrlem eonc«ntr>tient of lurialn

F l W  6.3»3.



in th« abtanc« or pr«Mi>e« of vrlout conctntratlcn» of tuTMin

F l W  6»3.*.
Cltàxêtic* ót p o lY viaylpyrrolldoB t by P jy>9 e » U i



ï a

II

H

i 8-



addad In thia w y  at 48, 24 or 3 hoars prior to tha taralMUAi of all 

Ineubatlona on Day 11* Incubatlona «ara taralnatad aa daaoribad In 

Sactlon 4.S,*

Fijaras 6.3*1. to 6.3.4. show tha raaulta of thaaa axparlaanta. It 

la saan that duplicata valuaa vara uaoally In raaaonabla a9raaMnt.

For t«o donora (A.B.i F.H.), no oorralatlon «aa saan bat«aan tha 

eall*protaln oontant of tha «alla and tha aaount of auraaln praaant. 

HowaTor, «1th dMtor 0.8. aoat of tha «alla Incuhstad with tha hl^haat 

oonoantratlon of soraaln had tha Inwaat oall*protaln

«alnas. In all casas tha oall*aaaoolatad radioactivity «alnas (not 

shown), «ara araatar than doubla tha aaennt assoelatad to osll fraa 

walls. In aoat axparlaanta tha claaranoa «alnas prograaalvaly 

Ineraasad with Inenbation t lM nsually In an apparently linear 

fashion. It was tharafora poaslbla to ealeulata Indeoytle Indicas 

(Table 6.1.) in all bat a few oasaa.

With aach donor's calls, tha rata of clearance of ^^^l*laballad 

pelyrinylpyrrolldona Increased aa tha auraain ooneantratlon 

Incraaaad, to S00p9/ea^, For tha two donors whara It was possible 

to oalculata tndocytlc Indices for ^^^l*laballad polyvinylpyrrolidone 

(In tha abaanoa of auranln) It was seen that tha aa^ltuda of tha 

incraaaa was 2 to 6 fold whan anraaln (SOOpa/o^) «aa addad. With 

tha highest ooneantratlon of snraaln (lOOO^w/oai^), no further 

Increase was observed In tha nptaha rata, bnt a daoraasa that was 

■Dst narked for osila fren donor 0.1., tha elaaranea vainas falling 

below that-of untreated ealls. Considerable donor*dapandant 

«arlation was obaarwad In tha absolute «alnas for tndecytle Index 

(Tabla 6.1.), ^^^I'labaltad polyvinylpyrrolidone being cleared by 

0 .1 . osila at alnost fl«a tines tha rata of A.B. eolia.



by o«ll« of T«riom «gti

Having aatabllahad in tha pravloua axparlManta that tha uptaka of 

^^^I'laballad polyvinylpyrrolldona In tha praaanca of nraaln waa 

raadlly aaaturabla and elaarly prograaalva with tl«a> wa vara 

confidant that va oould procaad to atudy \^aka ualng calla of 

dlffarant agaa. Idaally i^taka at aavaral tla«-polnta up to 48 heura 

vould hava baan aaaaurad (aa In 6.3.3)« but thla vaa not poaalbla 

ovlng to llnltad call availability and our vlah to atudy calla froai 

tha aaM donation at all tha dlffarant oall-agaa and thua allalnata 

tha affacta of Intar-donor variation.

For thaaa axparlaanta blood vaa obtalnad In tha usual vay (Saetlon

4.5.) fro* 6 denera (O .S . i  H.D.t t.f.r J.B.L.) P.Q.t P.R.). 

Nononuelaar oalla vara laolatad and nonolayara praparad aa daacrlbad 

in Saction 4.5.. Uptaka axparlwnta vara parfervad dally (Day 0 to 

7), according to tha aathed In Saetlon 4.5.. Individual plataa vara 

uaad for aaeh of tha call agaa, but In aoM oaaaa ealla froa nora 

than ana donor veuld ha found on a plata.

6.3.4. Uptake of polyvlnylpyrrolidon« (with lurfin)

Substrata additions vara sada In tha usual vay (Saetlon 4.5.)• For 

thaaa axparltMnta ^^^I*la)»allad polyvinylpyrrolldona vlth suraaln 

(O.tcM^) vaa addad to tha calls to glva a final concantratlon In tha 

vail of 5()^oa^ and raapaetlvaly. Aftar 34 hour

Incubation parlods tha incubations vara tamlnatad and protain and 

radioactivity datarmlnatlona oarrlad out as daacrlbad In Saetlona

4.5..







Flcfur« 6.4.2.

OptAk« of ^^^l-l»b«ll«d polyylnylpyrrolidoiw (ln th« pr«i«nc« of 

■uriin) ovr 24 hourt by c«llt «t virloue itAgAi of matuTAtion



, 125,
figure 6.4.3.
Upfke of •‘•^^I-lebelled polyviovlpyrrolldone (in the preMnce. of 

eureain o»er 24 houre bv celle et verioue efgee cf — turetlon

8 ? “

duration in culture (daye)



125Uptalca of l-l«ball»d pelyvinvlpvrrolldona (in tha pretanea of 

auraadn) orar 24 houra by calla at varioua atagaa of Maturation

Figura 6.4.4.

U è

duration in cultura (days)



Figure 6.4.5.

ODfke of ^^^I*l«belled polVTlnvlpvrrelidwe (in the pretence of 

lureain) peer 24 hours by celle et rerloue iteqee of »aturetlon



125Opfk* of I-l«bell»d polwlnylpyrrolidotw (In tba prtMnct of 

»UTMiin) O TT 24 hour> by olii «t v*rleui tfqti of »aturatlon

rlqur> 6.4.6.

'8

duration lA cultura (days)



■uriin) after 24 heur» by calla «t varlou« atagaa of »aturation.

Bach peint rapraaanta tha naan t 8.B. ef tha valu«« «xpraaaad in 

Figura« 6.4.1. to 6.4.6. Tha exact dauila of theae «xparlaanta are 

giran in Section 6.3.4.

rtquf 6.4.7.

Optali« ot polyrlnylpyrrolldoiw (in thê pr»i«nc« of

(1 )

duration in cultura (daya)



In addition, to datarnlna whathar tha rootlna praetlea of 

raplanlahlng tha nadlun on Day 4 (Sactlon 4.5«) affactad tha raaalta, 

an ajparlmant waa mada In «hleh, for aoaa of tha denora, axtra walla 

wara aat up and thalr aadiun raplanlahad on Day 5 Inataad.

Tha aanunt of radioactivity adsorbing to tha wall Itaalf waa 

datarmlnad by adding ^^^I-laballad polyvlnylpyrrolldona, with 

auranln, to oall-fraa walla (l.a. walla containing 0.9cn^ of cultura 

■adlun only).

Tha raaulta of thaaa axparlnanta ara glvan In Plguraa 6.4.1. to 

6.4.6«. On tha whola, duplicata valuaa wara cloaa. It la aaan, with 

■oat of tha donora, that tha eall-protaln oontant of tha walla 

dacraaaad ovar tha first faw days of cultura, than on Day 3 to 4 

atartad to Incraaaa. Tha radioactivity aaaociatad with tha calla 

oftan followed a alallar pattern to tha eorraapondlng protein valuaa. 

Nearly all of tha oall-aaaooiatad radioactivity valuaa wara higher 

than double tha value found to bo aaaociatad with tha call*fraa 

walla, for each of tha donora tha elaaranea values ataadily 

Incraaaad (apprexlaataly three fold) upto Day 2 to 4 after which there 

waa often a steady or sharp dacraaaa. Tha clearance valuaa wara 

sinllar whether tha nadlue was raplanlshad on Day 4 or 5.

Figura 6.4.7« shows tha naan resulta tot duplicate walla froe all ala 

donora« It la aaan that, over tha flrst 5 daya of coltura, tha 

valuaa for protaln and for oall-aaaoclatad radloaetlvlty followad a 

alnllar pattern - flrat a fall and than a allght risa. Howavsr, tha 

■a^iltude of tha Initlal dacraaaa In aaeh paranater dlffara. Thara 

la apprexlnataly a 3>fold dacraaaa In protaln over tha flrst 3 daya, 

whlla tha neon daoraaae In eoll*aaaoelatad radloaetlvlty ovar thla
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Dptalce of I-lebelled rlBylMilne-vinvlpvrrolldone eooolyatr
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Optaka of ^^^l-lâb«llad yioylaalna-vinylpyrrolidona eepoly— r 

by Dav-7 cella

Figura 6.5.3,
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p«rlod It only half at ouch {l.a> approxlatataly 1.5 fold). In 

contaquanca tha iwan claaranca valuaa paak on Day 3, at tha tana tlna 

at tha lowatt protaln valuat wara obaarvad.

6.3.5. Dptaka of ^^^I-laballad ylnylanlna-vlnylpyrrolldona 

copolywar by Day-7 callt

Sinea thata wara our flrat axparlMnta uting tha ^^^l-laballad 

vinylanlna-vlnylpyrrolldona copolywar, oldar oallt wara uiad for tha 

tawa raaton at givan In Sactlon 6.3.3.i and uptakaa wara waaturad at 

lawaral tina>polnta ovar 48 hourt, to taa whathar uptaka waa 

progratalva ovar a langthy pariod. Blood wat withdrawn frow thraa 

donort (C.C.> T.S.) B.R.), and nononuclaar oalla Itolatad and 

■onolayara praparad at daacrlbad In Sactlon 4.5.. CoMwncing on tha 

aavanth day of cultura, Incubationa with ^^^I-laballad 

ylnylaaiiM-vinylpyrrolldona oopolywar wara atartad at daicrlbad In 

Sactlon 4.5.. Thlt Invelvad tha rawoval of aadlum (O.lcw^) and tha 

addition of ^^^I-laballad vlnylanina-vlnylpyrrolidona oopolynar In 

eultura nadlun (prawarmadt lOpg/ew^i O.lcn^). Suhatrata waa addad In 

thlt way at 48, 24, 6 or 3 houra prior to tarmlnatlon of all 

Incubationa on Day-9. Subatrata waa alto addad to tlx call-fraa 

walla at daacrlbad In Saetlon 4.5., to datarmlna whathar It adaorbad 

to tha wall Itaalf.

Figurât 6.5.1. to 6.5.3. ahow tha raaulta of thaaa axparlmanta. It 

la aaan that duplicata valuaa ara raaaonably cloaa. Tha 

oall-aaaociatad radioactivity valuaa ganarally Incraaaad with 

Incubation tiwa, and moat of than wara graatar than doubla tha amount 

of radioactivity aaaoclatad with eall-fraa walla. Tha claaranca 

valuaa prograaalvaly Incraaaad with tha Incubation tlna In a llnaar





Figure 6.6,1.

Uptak» of ^^^r-lebelled vlBylipiipe-vlnylpYrroUdone eopolvaer over 

34 hourt by celle et verloue etegee of ■■turetlon
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Figur» 6.6.3.

UpUk» of ^^^I-lab»ll»a vlnvl»ln»-vlnvlPvrrolidon» copolwr o vr 

24 hour» by c»ll» »t T»rleu» »fg»» of »«turatlo»
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fuhion, p*rBÌtttnq tht calculation of Bndocytle Indicai (Tabla 

6.2*)> Tbara waa eonaldarabla Intar-donor variation in tha Indocftic 

Indicai fer tha cepelyMr« a çraatar than tan-fold diffaranca balng 

aaan batwaan tha axtrana valuaa*

Optata of ^^^l-laballad vinylaaina-vinylpyrrolidena 

copolyar by calla of varioua agaa

Having aatabliahad in tha pravioua axparimanta that tha uptaka of 

^^^I-laballad vinylaaina-vlnylpyrrolidona oopolyaar waa prograaaiva 

with tlM, wa could proeaad to invaatigata i^taka by calla of 

diffarant agaa« ha in tha eorraapending a3q>ariaanta with 

^^^I-laballad pelyvinylpyrrolidona in tha praaanca of auraadn 

(Saetion 6>3«4«)f uptaka waa naaaurad by a alngla aaapling aftar 24 

houra, ao aa to parait calla froa tha aaaa donation to ba atudiad at 

diffarant atagaa of aaturation.

Tha proeadura for thaaa axpariaanta waa tha aaaa aa for tha 

axpariaanta daacrlbad in Saction 6f3.4., axcapt that tha aubatrata 

uaad hara waa tha ^^^1-laballad vlnylaalna-vinylpyrrolidona eopolyaar 

at a final eonoantratlon of (20 pf/ea^). Tha thraa donora wara T.A., 

J.C. and C.C..

Figurai €.6.1* te 4.6«3f ahow tha data froa thaaa axparlaanta. Fer 

aach of tha donora, an incraaaa waa aaan in tha eall-protain contant 

par Wall batwaan tha firat and third day in cultura, aftar thia point 

a daeraaaa waa aaan. In wat of our pravioua atudiaa an incraaaa or 

atabla aaount of eall-protain waa datactad aftar Day 3* Thia 

phanoatanon la diacuaaad in Saction 5.4.1..



Dupllcatt valuM ter Mll'aiaoelattd radioactivity vara raaaonaMy 

eloaa and In all but a tew caaaa wara hlqhar than talea tha Man 

aaeunt of radioactivity found to ba aaaoclatad with eall-fraa walla. 

Calla froai two of tha donora Cr,A»t J.C.) ahowad a dacraaaa in 

olaaranca aa tha calla a9ad, up to Day 3 or 4, and than a alow 

Ineraaaa. Calla froa tha third donor (C.C.) ahowad llttla chan^a 

with a^a. although thara waa a aharp drop froai Day 0 to Day 1.

4,3.7, Dptaka of ^^^i-laballad fB8A hy oalla of varleua agaa

Tha ^^^I*laballad fBSA uaad in thaaa aitparlaanta waa donatad by Glyn 

Stavanton and Dr. Kan Hilliaaa (Onlvaralty of Kaala)« and praparad aa 

daaerlhad by Meora at al. (1977). Brlafly, BSA had baan laballad by 

tha ehleraalna T aathod and than axpoaad to aqulvoluaa foraaldahyda 

<10 parcant In 0.5 aolaa/lltra blearbenata buffari pH 10) 73 

houra).

hlthouqh aavaral pralialnary axparlnanta wara undartakan with varloua 

a9aa of ealla Ineubatad with fBBA (25 ̂ 9/0 1 )̂ for up to 24 houra* wo 

eould not rallably quantify tha ralaaaad daqradation producta In tha 

nodlua. Tha valuaa wa obtained wara too eloaa to tha valuaa obtained 

In eall'fraa walla. It waa tharafora ooncludod that factora In tha 

culture nadlun wara oaualng degradation of tha fBBA. It waa not 

poaalhla to detect oall-aaaoelatad radioactivity In 

■enocyta/Bacrophagaa. thla la parhapa not aurprlalng, for in rat 

parltonaal «aerophagaa call accunulatlon la low« tha bulk of tha fH8A 

captured being rapidly dlgaatad and ralaaaad into tha Rtadlum (Prattan 

at al., 1977).



It ««• dtcidad to diieontlnu* thii Mpoet of th* work, t* It ««ould 

not b« poatlbl* to dattrmlna elMrane* rataa for fBSA In tha cultura 

ayataa wa wara usinq.

6.4. DI8CU88I0M

6.4.1. Optaka of ^^^l-laballad pelyvinylpyrrolidona by oalla of 

varloua aqaa

Whan uptaka of ^^^I*laballad polyvinylpyrrolidona in tha abaanca of 

auraain waa awamlnad ovar a abort O  hoar) pariod, It waa obaarvad 

that aany of tha oall^aaaociatad radioactivity valuaa wara laaa than 

doubla tha amount of radioactivity adaorblnq to oall-fraa walla. It 

waa eeneludad that t^taka of thla fluid-phaaa amrkar ovar a abort 

pariod oould not raliably ba datactad in our cultura-ayatm. 

Purthamora» for aach of tha thraa donora wa eeuld datact no claar 

diffaranoaa batwaan tha ability of oalla of diffarant agaa to claar 

tha aubatrata from tha aadiumi thia M a  trua whathar ealla wara 

waahad at tha and of tha axparlnant by our atandard preoadura or by 

tha proeadura adoptad by Knlqht a Soutar (1982).

In oentraat to our raaulta. aa daacribad in Saction 1.1.4.« Knight a 

Soutar (1982) raportad, in an alnoat idantieal ai^arimanti an 

ineraaaa in tha plnocytic activity batwaan tha aaoond and fifth day 

of cultura, with no furthar incraaaa tharaaftar. Tha claaranea 

valuaa publiahad by Knight a Soutar (1982) wara lowar than thoaa 

raportad hara ranging from about 0.1 to 0.6^1/Wg protain (oura rangad 

froa about 0.5 to 12.S). Knight a Boutar'a valuaa had baan oorraetad 

for tha amount of radioactivity aaaeeiatad with oall'fraa walla, 

which waa atatad to ba laaa than 10 pareant of tha radioactivity



«••ociated with th« etllt, *nd th«r«for* r*pr«t«nt*d « ouch lov«r 

proportion of tha total ridioaetivlty than In our ayatam. Thla M}or 

dlffaranca in tha anount of radioactivity aaaociatin? with call^fraa 

walla may hava haen dua to tha diffarant batehaa of cultura vaaaala 

aa^loyad (Ilka Knight ( Soutar (1982) wa uaad Linbro plataa, but 

with aaallar aiaaa of walla) or altarnativaly tha batch of 

polyvinylpyrrolidona uaad by Knight a Soutar (1962) may hava diffarad 

in ita ability to adaorb to plaatic.

If our claaranca valuaa ara oorractad for tha radioactivity adaorbing 

to tha walla (raaulta not givan), our valuaa ara atlll slightly 

hlghar than thoaa of Knight a Soutar (1982)« A nunbar of factora nay 

hava oontrlbutad to thia diffaranea, auch aa diffarancaa in tha 

donora' calla uaad, tha Mthoda uaad to iaolata tha calla (Knight a 

Soutar (1982) uaad a Pieoll gradiant, wa uaad Parooll), or tha typa 

of aarum aaployad to maintain tha calla. Aa outlinad oarliar (Saction

1.2.) many authora hava raportad iaolation procadura-, donor-, and 

aarua-dapandant diffarancaa in varioua call functiona.

In tha axparinant of Knight a Soutar (1982) both tha aourca of ealla 

and tha aarum anployad can ba crltleitad. Piratly, calla from two of 

tha four donora had baan iaolatad from buffy-coata (rathar than from 

fraah blood), and a problan with thia call aourca la that tha initial 

monolayara tand to contain many nautr^hila (Iiaonl, 1985). Sacondly, 

In centraat to our axparimanta, whara a atandard mixtura of heraa 

aarum (10 parcant w/v) and fatal calf aarum (10 parcant w/v)

(obtainad from a froian atock) waa uaad throughout tha cultura 

pariod, Knight i Soutar (1982), by uaing autologoua aorum, uaad fraah 

aarum initially and than on Day 3, whan tha madlum waa raplaoad, 

autologoua aarum which had praaumably naadad to ba atorad freaan up



to that point. It It of inttrttt that tha obtarvad incraaaa In 

pinoeytie activity oeeurrad batwaan tha tacond and fifth day of 

eultura» and tharafera ona cannot know whathar thla Ineraata nay hava 

baan brought about by a changa In tha cultura anvlrenMnt, rathar 

than at a dlract eentaquanoa of oall aaturatlon.

At hlghllghtad pravloutly In Sactlon 1.1.4., tha axparlaant raportad 

by Knight 4 Soutar (1982) wat only a tnall part of a aajor ttudy on 

low-dantlty llpoprotaln Mtabollam and, apart fro* a atatainant that 

uptaka of ^**I-laballad polyvlnylpyrrolldona wat oonttant for at 

laaat four hourt. In an axparlownt In which only two i^taka 

tlM>polntt wara uaad, no further datalla wara glvan. Claarly In 

thalr aaln axparlmant,invhlcfiuptaka wat only saaturad ovar a alngla 

t l M  period, no Information on tha klnatlca of uptake wat obtained.

In order to make any firm eonclutlona eencamlng plnocytoala. It It 

not only la^tant to gain adequate kinetic data, by mtaturlng uptaka 

ovar a lengthy period at tavaral tlma-pelnta, but alto to parferm 

ttudlat tttlng Inhlbltort of plnocytotlt. To my knowledge, theta 

paramatart wara not Invattlgatad In tha axparlmant datcrlbad by 

Knight a Soutar (1982).

j 8.4,2« Optaka of ^^^I-laballad polyvinylpyrrolidone (with varlout 

coneantratlona of turamln) by Day9 callt

I In eentratt to tha axparlmanta Jutt dlacutaad (Section 6.4.1), in whldi 

uptaka of ^^^I-laballad polyvinylpyrrolidone (In tha abaanca of 

' turamln) waa maaaurad ovar a abort (3-hour) period. In theta 

axparlmantt auramln(Bto lOOOpg/cm^) waa Ineludad with '^^I-lahalltd 

polyvinylpyrrolidone , and Incubatlont wara performed for varleua 

tlmtt ovar a 48 hour period. At a oontaquanca tha uptaka valuat wara



w«ll «bov« doubl* th* «nount of r«dio«ctlvlty adforblng to 

c*ll*fr«« wall*. Alfo, by dononatratlnq progr«*«iv* accumUtlon of 

^^^I>l«b*ll*d polyvlnylpyrrollden* (with suramin), w* oould ba 

confidant that this was ^anuln* uptak* and not maraly adsorption to 

th* surfae* of th* calls. In th* walls containing no suramin, 

daaplt* hawing ehosan donors whoa* calls had pravlously dsnonstratad 

high andocytlc abilltlas. It was only poaalbl* to nlculat* Cndocytlc 

Indicas for ^^^l«laball*d polyvlnylpyrrolldon* for two of th* donors, 

(G.8. calls 0.242 and h.B. ealla 0.047pl/mg protaln/hour). Bewavar, th* 

addition of suramin (SOO ^g/em^) to calls Ineubatad with 

^^^Z^laballad pelyrlnylpyrrolldona, had th* daslrad affact of 

Incraaalng Its uptaka (2 to 6 fold), so that with all thra* donors It 

was poaalbl* to datarmln* Bndocytle Indicas (0.8* calls O.S61i k.B* 

calls 0.257| B.H. 0.221^1/tag protaln/heur). Th* indoeytlc indicas w* 

obtalnad In thaa* axparlnsnta wars slightly highar than our pravlous 

valúas (0.128, 0.084, 0.194^1Aig protaln^ur) (Chaptar 4). This was not 

surprising though, bacaus* th* donors usad In this prasant study had 

baan salactad baeaus* thalr oslls had baan shown pravlously to ba 

vary andocytlc. Th* prasant rasults war* slightly lowar than th* 

valúas raportad by Brattan 4 Lloyd (1983) using rat parltonaal 

maerophagas, which whan normalisad to call pretaln war* 0.35 t 0.04ul/ag 

protain/hour for ^^^l*lab*llad polyvlnylpyrrolldon* and 4.31 t 

0.84 for ^^^t'laballad polyvlnylpyrrolldon* in th* prasanc* of 

suramin (SO^ttg/em^) (raprasantlng a 12 fold incraasa). Th* two to 

slx^fold Ineraas* w* obsarvad In th* uptak* of ^^^l-laball*d 

polyvlnylpyrrolidon* was of th* sam* ordar of magnitud* as that 

rapertad by Prattan 8 Lloyd (1983). It was tharafor* highly probabl* 

that th* Ineraaa* In th* uptak* of this fluld-phaa* markar In th* 

praaanc* of suramin was du* to th* phanonanon of plggy-baek 

andocytesls.



Owing te donor-d«p«n<tont variation In uptake values, It waa usually 

difficult to M k e  direct coeparlsons between results for different 

axperlnents hut, since balls free the donor 0.8« had also been used 

In the previous experlnents where ^^^l*labelled polyvinylpyrrolidone 

was maasured over a short period, it was possible to eake 

coaparlaons. In this earlier study the uptake values for 

^^^I'laballed polyvinylpyrrolidone obtained over a three hour period 

ranged fro« 0.5 to d.S^l/eg protein/hour for 9 and 12 day cells. In the 

present study, although an uptake value was not measured over three 

hours, the predicted value would be approximately 1.0, which Is In 

close agreement with our earlier study.

The concentration-dependence of the suramin effect waa found to be 

blphaslc. k progressive Increase In the rate of uptake of 

^^^I-labelled polyvinylpyrrolidone was observed up to 900|pg/caî , 

suramin at 1000pg/cm^ causing a drop In the rate. Pratten S Lloyd

(1983), using Isolated rat peritoneal macrophages, reported a 

progressive Increase In the uptake of ^^^l-lahelled 

polyvinylpyrrolidone up to end Including e ooncentretlon of 

lOOOpg/om^. To my knowledge, the only other tissues In which the 

effect of suramin on endocytosls has been studied Is the rat rnttyo 

and visceral yolk-sac (9.5 day). Freeman 8 Lloyd (1986) reported that 

with both tissues, suramin up to 1000^g/c«^ had no effect on the 

uptake of ^^^I-labelled polyvlnylpyrrolldonei with the yolk-sacs a 

concentration-dependent decrease was observed at higher 

concentrations (3 to lOmg/cn^

Freeman 6 Lloyd (1986) further reported that suramin (greater than 

2mg/cm^) caused a decrease In the protein content of rat yolk-sacs, 

which was suggested to be due to suramin affecting protein uptake.



With huMn nonoeyt*-4«rlv*d Mcropha<r*i« «• found that auranln up to 

1000|i9/ai^ did not ^anarally affact oall-protain valúas. It nay ba 

that at hlqhar ooncantrations suranln eould hava an aifact on tha 

protain oontant of human monocyta/nacrophagas. In oencluslon, suramin 

(S00̂ 9/om^) incraasad tha uptaha of ^^^I-laballad 

polyvinylpyrrolldona by huBMn monocyta-darlvad macro^hagas, 

prasumably by piggy-back andocytosis« to a laval which could aasily 

and raliably ba dstactad in our cultura systam.

6.4.3. Uptaka of ^^^I-laballad polyvlnylpyrrolidona (with suramin) 

by calls of various agas

Havinc danonstratad prograsslva uptaka of ^^^l-laballad 

polyvinylpyrrolldona in tha presanca of suranln (SOO^g/om^) it was 

now possibla bo nsasura uptaka as tha calls maturad, using singla but 

longar incubation parlods. Idaally. wa would hava datarminad uptakas 

at savaral tima-points ovar this pariod but owing to limitad call 

numbars this was not poasibla.

As tha oalls diffarantiatad, tha call-protain valuas usually follewsd 

tha same pattern as previously described (Chapter S), an initial 

dacraaaa followed by an increase. Tha eell-assoclatad radioactivity 

valuas ware higher than tha mean amount of radioactivity associated 

with tha wall itself, and tharafora these results ware oonsiderad 

trustworthy. Tha clearance valuas axprassad in terms of call protain 

Incraasad up to around tha third day in culture. Since it was shown 

earlier (Chapter S) that tha protein oontant in tha initial culture 

pariod closely paralleled tha call number, it was clsar that ths 

oalls wars progressively taking up slightly more of tha substrata up 

to tha third day in culture. This slight ineraasa (approximately 3



fold) nay h«v« boon ralatod to coll olso, for aftor tho first day In 

culturo ooll-slco is known to incroatot this incroaoo in uptako nay 

thoroforo bo a rofloetion of tho eonoonitant incroaoo in tho surfaco 

aroa of tho coll, possibly allowing tho fornation of noro pinosonos. 

Aftor around tho third day in culturo, tho ability of tho colls to 

capturo tho substrata was soon to decraaso. Howovar, it mst bo 

rononbarod that ovar this lattor culturo poriod, although tho protaln 

valúas ofton Incroasod, tho coll numbors continuad to docrsase with 

tino (Soction 5.3,1.). Tharoforo, if thoso rosults wars to havo boon 

oxprossod in toms of ooll nunbors, eno would probably not havo soon 

this docroase but a constant rata of uptake ovar thlo period.

Although proforablo. It is not practieablo to express resulta in 

toms of call nunbors, sinco the naln nathods used to datomln# this 

paranotor (i.o. using a Coulter counter or haonocytonotor) are not 

suited for routine dotorminations with adherent colls. The pooolbla 

altomatlvoa would either bo to dotomine coll nunbers in other 

roprosentativo wells, i.o. not tho colls used for tho uptako studies 

(using one of tho above nsthods) or to ostinats cellular DMA (which 

correlates well with ooll nunbor). Howover, tho first solution Is 

not ideal owing to tho woll-te-woll variability ofton observed in 

ooll numbors, and secondly oatimatlng DNA would bo very 

timo-consuminq.

In conclusion, as omocytos difforontiatod in vitro, over tho first 

few days in cultura (up to around Day 3) their ability to clear 

^^^I^labollod polyvlnylpyrrolidono in tho prosonca of suramin 

(500;>g/om^ incroasod slightly* aftor this point, although tho 

cloaranco values doersasod (when oxprossod in terms of eoll«protoin), 

it was highly probably that tho individual colls wore not losing 

their oapacity acquired up to Day 3.



copoly— r by Day7 e«ll>

6.4.4. Optale« of TlnylMdtK-vlnylpyrTOliaon*

In th«M «xp«rlMnts th* uptak* of ^^^I«lab«lttd vinylMdna- 

vinylpyrrolldona c^elyatr h m  M«sur«d at aavaral tlM-pointa ovar 

a 48 hour pariod. For aach donor tha aaeunt of radioactivity par 

«ail waa abova doubla tha aaount adaorblng to oall-fraa «alia» and 

tha elaaranca valuta Ineraaaad proaraaalvaly with tlaa. Wa «ara 

tharafora oonfldant that «a «ara aaaaurlng oanulna uptake, and that 

tha variation aaan In tha abaoluta Bndocytle Indax valuta (1.a.

0.17S, 0.328, 1.934^1^í9 protaln/hour), raflactad variation batwaan 

donora. baoauaa of thla variation It «aa difficult to naka a dlract 

eoaparlaon batwaan tha uptake of thla oopolyaar with tha valuta wa 

obtained pravloualy for ^^^t'laballad polyvinylpyrrolidone (0.242,0.047 

p1/b9 protaln/hour) ■ However, by oonparln^ tha ranoaa of tha valuta, 

it waa clear that tha radlelaballad oopolyMr waa ganarally antarlnc 

the calla at a faatar rata than tha ^^^lolahallad 

polyvinylpyrrolidone. Frattan at al. (1982) ualng rat peritoneal 

aaer^haoaa reported a naan Bndocytle Indax value for tha 

^^^l-la)»allad vlnylanlna-vlnylpyrrolidona eopolyiaar, which whan 

axpraaaad In tama of call protaln, la t.66 t 0.4S^l/k9 protaln/hour.

Thla value falla within the ran9« wa obaarvad ualn^ aonoeyta-darivad 

aaerophaaaa. Tha only other tlaaua In which tha uptake of thla 

eopolymr haa bean Invaatloatad la tha rat yoIk*aae, In which a aich 

hlqhar tndoeytlc Indax waa reported 0.19 t 1.9!^l/»9 protaln/heur. It waa 

concluded that It la hlohly likely that tha plaem naabranaa of huiun 

aonecyta«darlvad Mcrophaqaa have a hl^h affinity for poaltlvaly 

charTad aubatrataa, In eoaaon with aavaral other calla, a.o. rat 

peritoneal naerophaoaa.



eopolywer by oill« of orloat

Sine«, u  dtacribed In th« pnvlout teetlen. «• h«d «ftAbllthtd that 

^^^I-laballad vinylaBlna-vinylpyrroIidona oopelyawr was pre^raaaivaly 

claarad troa tha ■adium by aonocyta/aacropha^aa. «a fait juatlfiad in 

aaaturinq uptaka orar a alnqla tlaa-pariod, usinq oalla at dlffarant 

ataqaa in thalr davalopaant. In oontraat to tha raaulta for 

^^^I^laballad polyvlnylpyrrelldona. tha ctaaranca valuaa obtalnad for 

tha eopelyaar «ara aary hiqh on Day 0, aftar ahieh i^aka valuaa 

droppad ovar tha naxt faw daya, ramlnlna fairly constant tharaaftar.

It la tharafora oonoaivabla that# aa tha aonocytas aaturad into 

aacrophaqaa various aodificatiens of tha plasaa ■aid)rana took plaoa 

which initially oauaad a dacraasa in thair ability to eaptura 

cationic aolaculas. Many chanqas in tha propartiaa of tha plaaaa 

aaabrana ara alraady known to occur aa tha oalla aaturs (aaa Sactiona

1.2.6. and 1.2.7.), auch aa chanqaa in tha nunbara and typaa of 

antiqanle datarainants and racaptors.

ft.4.ft. Cea^ariaon of tha andoeytie capacity of calls of various aaaa 

with that raportad by othar authors

ft.4.5, Opflf of vinylaaliw-Tinylpyrromon»

Aa outlinad in Saotien 1.1.4., only thraa authors hava raportad 

atudiaa in whioh pinoeytoaia has baan invastiqatad aa aonoeytaa 

natura ̂  vitto, twe usina hunan calla and tha othar horaa osila. 

Althouqh Bannatt A  Cohn (1966) raportad an ineraaaa in tha pinocytie 

activity of horaa aonoeytaa ovar tha firat faw days in cultura, tha 

taehniqua usad, vis. eountina vaaielaa viaibla by liqht nieroaeopy, 

has baan neh eritieisad by aavaral authors (a.q. Btainnan at al..



1976) fino* Miiy VMlel«s «r* not Ur^t «nouqh to b* rotelvod by tb« 

Uqht Mlerooeep«. BoeauM et th« roportod unroliobillty ef tho 

tochnlouo usad by Bonnott 6 Cehn (1966), It w m  d ad dad to not 

eonaldar thair raaulta furthar.

Tha atudy by Knight i Soutar (1902) ualng huaan aonocyta/macrophagaa 

I of varloua agaa, In which tha uptaka of ^^^Z-labalIad 

I polyrlnylpyrrolldena waa axaaánad ovar thraa^hour parioda (daaerlhad 

I In Saction 1,1.4,), haa alraady baan dlaeuaaad In ralatlonahlp to tha 

alallar ai^rlaant wa parfonMd. Xa daacrlbad aarllar In Saetlon

6.4.1.« eur raaolta for tha upUha of thla fluld-phaaa »arkar vara 

eonaldarad unrallabla and wa wara unabla to eonflm tha raault of 

Knight 0 Soatar. Oalng a aathod fot aaaaurlng plnoeytoala that wa 

eonaldarad to ba tmatworthy, vía. uptaka of ^^^Z-lab«llad 

pelyvlnylpyrrolldona In tha praaanoa of auramln , wa again found no 

avldanea for tha aharp rlaa raportad by Knight a Soutar (19S2) 

batwaan Daya 2 and 9. Although In both axparlaanta, an Ineraaaa In 

plnoeytlo activity waa ^ a r v a d  ovar tha aarly cultura parlod (l.a. •'

up to Day 4 or 5), tha Ineraaaa waa net aa aorkad In our axparlaantat 

only 3-feld varaua S*feld reportad by Knight 6 Seutar (1982). It 

waa difficult to eeapara our raaulta with tha aleroaooplc atudy In 

which Van Purth ̂  a ^  (1979) rapwtad vary littla Ineraaaa In tha ability of 

dlffarantlatlng aoneeytaa to captura tha fluld-phaaa aubatrata 

daxtran, alnea thair raaulta wara axpraaaad in tar«a ef tha 

parcantaga ef oalla capturing tha aubatrata, and tharafora any 

Ineraaaa in tha total aaeunt ef aubatrata capturad m y  hava ramlnad 

undataetad.

Tha Initial high claaranoa valuaa wa obaarvad for tha cationic 

eepelyMr (vlnylaalna-vlnylpyrrolldona) tot Oay-0 oalla, which







7.1. limKMMJCTIOM

In Chapter 6 the uptake of two rediolebelled McroMleculee by 

■onocyte/mecrophe9ee wee deaonetreted. The elgnificence of theee 

reeulte depends cruclelly on whether the cellular accuaulatlon seen 

la due to plnocytoeis or Merely to surface binding. The various 

possible approaches to this question have already been described in 

Chapter 4> these include deaonstrating that substrate capture is 

progressive over a prolonged periodi that the capture of the 

substrate can be inhibited by Metabolic or cytoskeletal inhibitorsf 

and that release of substrate is not rapid when loaded cells are 

introduced into substrate-free Medium.

He have already shown (Chapter 6), that tite upUke of ’̂ ®I-labelled 

polyvinylpyrrolidone in the presence of suraain (S00;ig/eM^) and of 

^^^I'labelled vinylaaine-vinylpyrrolldone copolymer is progressive 

over a 48 hour period, and therefore provided strong evidence for 

pinocytic uptake. In this Chapter, further investigations were aade 

by studying (1) the effect of various known inhibitors of pinocytosis 

on the uptake of the radiolabelled subetrates and (ii> the kinetics 

of release of previously captured substrate from the cells.

7.1.1. Lew tsMperature, metabolic and cytoskeletal inhibitors

Lew temperature, Metabolic and eytoskeletal inhibitors have all been 

shown to inhibit the uptake of aacrosuleoules by various cell-types. 

Although these results nay often be correctly interpreted as 

indicating inhibition of pineeytosis, care is necaasary, since some 

of the modifiers nay be cytotoxic, particularly at high 

concentrations. The degree of inhibition frequently varies between



different eell-typee end occeelonelly the uptake of one eubetrete ie 

reduced to e greater extent than that of another (theee polnte are 

highlighted below).

Two extenalve etudlee In thla area have been performed with 

mononuclear phagocyteet one uaing rat peritoneal macrophagea (Pratten 

a Lloyd, 1979), and examining the effect of varioua inhibltora on the 

uptake of both colloidal ^^^ku and ^^^I-labelled 

polyvinylpyrrolidonei and the other uaing both mouee peritoneal 

macrophagea and rat kupffar celle (Muntha>Kaaa, 1977) , and the one 

Bubatrate colloidal ^^^Au.

In both etudiea low temperaturea decraaaed plnocytoala, but to 

different extenta. Uaing rat peritoneal macrophagea Pratten a Lloyd 

(1979) reported almoet complete inhibition of the uptake of both 

aubatratea at 20*C, whereaa Nunthe-Kaaa (1977) uaing mouae peritoneal 

Mcrophagaa and rat kupffar calla reported only partial inhibition of 

the uptake of colloid ^^%u at 20*C, but complete inhibition at 4*C. 

Low temperature la thought to inhibit pinocytoaia both by reducing 

membrane fluidity and by lowering the metabolic activity of cella»
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The metalMlie inhibitor aodium fluoride (which inhibita glycolyaia) 

at a concentration of approximately 50pg/cm^ waa raported to inhibit 

by varying extanta (SO to 90 percent) the uptake of colloidal ^^^Au 

by all three typea of cell and alao the uptake of ^^^i-labelled 

polyvinylpyrrolidone by rat paritonaal macrophagae (Munthe-Kaaa^ 1977} 

pratten A Lloyd, 1979). At higher coneentratlona (above S(^g/em^) 

aodium fluoride waa cytotoxic. Similarly, the inhibitor of oxidative 

phoaphorylation, 2,4~dinitrophenol, reduced the plnoeytie activity of 

the three cell-typea, but at atill higher eoneentrationa (greater



than around IdO^q/m ) provad toxic to tha calla. Honoiodoaeatata, 

another inhibitor of glyeolytia« was reported to be cytotoxic to rat 

peritoneal aacrophages at concentrations as low as 10^g/ca^ (Pratten 

a Lloyd 1979).

It is generally believed that the cytoskeletal aystea (aicrotubulas 

and aicrofilaaents) are involved in endocytic and secretory 

processes. Although cytoehalasin B (an inhibitor of aicrofilaaent 

function) strongly inhibits the phagocytic ability of aouse 

peritoneal aacrophages (Allison ^  a^, 1971), its inhibitory effect 

on pinocytosis is only partial. At a concentration of tO^g/ea^ it 

was reported to cause only a little inhibition of the uptake of 

colloidal ^^^Au by both aouse peritoneal aacrophages and rat kupffer 

calls (Munthe-Kaas, 1977). Biailarly Pratten a Lloyd (1979) 

reported only upto 35 percent inhibition of the uptake of colloidal 
198 125Au and I-labelled polyvinylpyrrolidone by rat peritoneal 

ucrophages. Cytochalasin B la generally thought of as cytotoxic at 

higher concentrations. Colchicine, an agent that binds to tubulin 

(and Interferes with its polyaeritation to fora aierotubules) does 

effectively inhibit pinocytosla by rat peritoneal aacrophages 

(Pratten a Lloydy1979) and aouse peritoneal aacrophagea and rat 

kupffer cells (Nunthe~Kaas^1977). The extent of this inhibition 

varies greatly depending on the substrate used. Pratten a Lloyd 

(1979) reported that colchicine at a concentration of 1(^g/ca^ 

greatly inhibited (by BO percent) the uptake of colloidal ^^%u, but 
125had very little effect on the uptake of I«labelled 

polyvinylpyrrolidonet oolehieine (lOO^g/ea^) though did Inhibit the 

uptake of the latter by about 90 percent. Variation in the degree of 

inhibition was also seen between different cell-types. Nunthe-Kaas 

(1977) reported that very high concentrations of colchicine



(4000p9/cn ) Mrktdly inhlblt«d (by «bout 80 p«rc«nt) th« uptak« of 
196colloidal ka by rat kupffar call«, but only c«u««d • 40 p«rc«nt 

reduction In plnocytoai« with aouae peritoneal nacrophagea. High 

concentration« of inhibitor cauaad the cella to round up, although 

the cells were reported to be «till viable.

Changes in intracellular calciua levels are thought to be iaportant 

satabolic signals and, as detailed in Section 1.1.4«, it la possible 

that there is a requlraa«nt for calciue ions during pinocytosis. In 

the study by Pratten a Lloyd (1979), the calcius chelator BOTA 

(Swolea/litre) m s  seen to inhibit greatly the uptake of 

^^^I-labelled polyvinylpyrrolidone, an affect that could be raveraed 

by adding CaCl (Saselas/litre) to the cells along with the BGTA.

Very little infomatlon is available on thè affeets of thè aodifiers 

(datailed «bove) on thè uptake of thè two substrates we have 
12$eaployed. The uptake of I-l«belled polyvinylpyrrolidone in thè 

presene« of auranin ($00^g/cs^) by rat peritoneal sacr<^h«gea la 

reportad to be raduced by sodiua fluoride (50pg/cs^) (Pratten a Lloyd, 

1983). The uptake of thè vinylaslne^vinylpyrrolide copolyser (s.w. 

120,000) by thè sane celli la reportad to be inhibitad by low 

tanperature and, although 2, 4-dinitrophenol inhlbited thè uptake of 

thè mailer copolyner (n.w. 46,000), it had little effect on tha 

capture of tha largar (Pratten a Lloyd^19B2). It waa therefore 

deelded to invaatigate thè effect of a wide rango of aodifiers on thè 

uptake of thè two substrates. Owing to thè reportad cytotoKieity of 

nany of thè nodifiara, we initially exaalned thè offset of thè 

nodlfiars on celi protein, to giva ua «n idea of tha «xtent of celi 

death, prior to studylng their affeets on pinocytosis.



A further way of confining that uptaka ia by pinocytoait ia to 

dasonatrata that« onca capturad, thara ia only a alow rata of 

aubatrata ralaaaa froa calla vhan thay ara introducad into 

aubatrata-fraa nadiua. Thia typa of axparia^nt haa baan parforatad 

with varioua tiaauaa/and calla« Hilliaaa ^  al» (197S) ineobatad 

rat viacaral yolk-aaca with ^^^1-laballad polyvinylpyrrolidona for a 

6 hour pariod« than waahad tha tiaauaa in awdiun and raincubatad than 

in aithar ^^^l-laballad polyvinylpyrrolidona-fraa cultura nadim for 

a futhar 6 houra, or nadiun containing non-iodinatad 

polyvinylpyrrolidona« In both inatancaa thay obaarvad that only 2 to 

3 parcant of tha radioactivity in tha tiaaua waa ralaaaad within tha 

firat 30 ninutaa, followad by a furthar 2-3 parcant baing ralaaaad 

prograaaivaly ovar tha ranaining tina« With nononuclaar phagocytaa, 

thia typa of axparinant waa raportad by Prattan at a ^  1977 uaing 

rat paritonaal nacrophagaa« Calla wara incubatad with aithar

7.1«2. •tudl«i

hour pariod, than waahad« and raincubatad in radiolaballad 

aubatrata-fraa nadlun for a furthar 3 houra« Tha amount of 

radioactivity ralaaaad into tha nadlun ovar thia pariod waa 

dataninad« initially (ovar tha firat 15 ninutaa) both colloidal 
198 125Au and I-laballad polyvinylpyrrolidona wara rapidly loat fron 

tha calla («9 to around 20 parcant of tha total radioactivity praaant 

in tha ealla at tha connancanant of incubation)« Thia rata of 

ralaaaa waa than prograaaivaly alowar with tha ranaining tina in 

cultura« In both atudiaa it waa concludad that tha Initial rapid 

loaa waa probably dua to aona adaorbad axtraaallular radioactivity 

that aurvivad tha waahlng procadura« and that tha following alow 

prograaaiva ralaaaa rapraaantad nainly aithar axocytoaad



r«dio«ctivlty or r«dlo«etivity roloatod froM dying o«lli.

It M a  dacidad to undartaka thla typa ef axpariaant ualng calla that 

had capturad althar ^^^z*laballad polyvlnylpyrrolldona in tha 

praaanca of auraaln or ^^^t-laballad vlnylaalna-vlnylpyrrolidona 

copolyMr.

7.2. SXnRINBfTAL NBTHODS

All tha axpariJMnta daacribad in thia Chaptar M ra carriad out ualng 

•onoeyta/Mcrophagaa at Day-O and at Day>7.

7.2.1» Dataralnlng tha affaci of aodlflara on call-protaln and ( 

plnoeytoaia

Tha affaci of Tarieua aodlflara on call-protaln M a  datarainad ali^ly 

by Incubating calla 07*C> 24 houra) In dt^llcaia Mila althar «Ith 

or wltheut tha aodlflar, or at dlffarant taaparaturaa. Calla Mra 

than Mahad ualng tha Mahlng procadura daacribad In Sactlon 4.S.. 

and dlgaatad In NaOH (0.5 aolaa/lltrai O.Sca^), and oall-protain 

datarainad aa daacribad by Lowry at a ^  (1951). Tha affaci of tha 

aodlflara on plnoeytoaia waa datarainad by aaaaurlng tha rata of 

eaptura of radlolaballad aubatrataa (ualng tha daflnltlva aathod 

daacribad In Sactlon 4.5.), for calla incubatad In tha praaanca or 

abaanca of tha aodlflara. Nodiflara Mra uaually addad at tha aaaa 

tlaa aa tha radlolaballad aubatrata, by raaoving froa tha Mila an 

additlonal O.lca^ of aadlua (In ona oaaa thla oeeurrad 20 alnutaa 

prlor to tha addltlon of tha radlolaballad aubatrata) and raplacing 

It «Ith 0.1m^ of tha aolutlon of aodlflar.



In âll ea«*« tha pH of tha aelutlona of aodiflara waa chackad and 

adjuatad to 7.4 if nacaaaary. Mhan tha affact of taaparatura waa 

balng axaalnad, and alnoa only ona hgaidlflad CO^ incubator waa 

awailabla, it waa dacidad to aiaulata tha atandard incubation 

conditiona by placinç Linbro plataa Into plaatic boxaa containing a 

■oiatanad wad of tiaaua papar and gaaaing tha boxaa with air/OO^

(95/5 parcant) prior to aaaling thaai. Calla wara aquilibratad at tha 

appropriata taaparatura in tha afora-aantionad eontainara for a 

pariod of ona hour prior to tha axpariaant. Tha axact dataila of 

thaaa ajqtariaanta ara givan in tha raaulta Saetimi 7.1.1..

7.2.2 Ralaaaa axpariaanta
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Cali incubationa with radiolaballad aubatrataa. aithar 1-laballad 

polyrinylpyrrolidona (50pg/aa^) (in tha praaanca of auraaiin« 

500pg/ai^) or ^^^I-laballad vinylaaiina-vinylpyrrolidona eopolyaar (10 

wara carriad out in tha atandard way aa daacribad in Saetion 

4.5.. Incubationa wara for parioda of 0.5 or 24 houra at 17*C.

Calla wara than waahad in tha atandard way, than raincubatad in 

■adiuB containing aithar no aubatrata, radiolaballad aubatrata, or 

non-iodinatad aubatrata in axcaaa (tan fold tha initial coneantration 

of radiolaballad aubatrata uaad). Aftar a furthar hour, incubationa 

wara taminatad by tha atandard procadura daacribad in faction 4.5., 

and tha aaounta of radioaetiwity etili aaaociatad with tha calla 

(axpraaaad par ag call-protair^ coaparad •



Tabi# 7.1.
Call proftn yluaa (aa/wll) for Day-0 er D«y-7 calla incubatad 
(24 heura) In tha praaanca or abaanca of «odlflar

Modifiara Day-0 calla fron donerà Day-7 calla froa dmiora
P.8. P.T. R.D. N.8. L.8. N.P.

Control at 37*C 
(no Mdifiar)

S3
(100%)

58
(100%)

45
(100%)

78
(100%)

65
(100%)

73
(100%)

Lott taa^ratura 20 *C 10
(19%)

20
(34%)

13
(29%)

59
(76%)

39
(60%)

40
(55%)

Low tanparatura 4*C 5
(9%)

4
(7%)

3
(7%)

20
(26%)

27
(42%)

31
(42%)

2,4-Dinitrophanel lOftg/em̂ 25
(47%)

29
(50%)

30
(67%)

40
(51%)

38
(58%)

39
(53%)

2,4-Dinitr^anol 2S0>^/ai^ 20
(38%)

21
(36%)

26
(58%)

36
(46%)

31
(48%)

38
(52%)

Sediia fluerida lOpg/caî 28
(53%)

27
(47%)

20
(44%)

39
(50%)

38
(58%)

44
(60%)

lodiiai fluOrida lOOpg/a^ 21
(40%)

25
(43%)

20
(44%)

28
(36%)

31
(48%)

41
(56%)

Cytechalaain B 5pg/ca^ 5
(9%)

4
(7%)

6
(13%)

13
(17%)

16
(25%)

20
(27%)

Cytechalaain B 10 6
(11%)

6
(10%)

5
(11%)

10
(13%)

15
(23%)

18
(25%)

Coldiicina 10^/cm^ 54
(102%)

57
(98%)

46
(102%)

72
(92%)

68
(105%)

70
(96%)

Celehicina lOOftq/m̂ 52
(98%)

59
(102%)

46
(102%)

74
(95%)

71
(109%)

65
(89%)

EGTA Saraelaa/litra 51
(96%)

56
(97%)

44
(98%)

74
(95%)

60
(92%)

78
(107%)

EOTA Saraelaa/lltra 
KtClj Srawlaa/lltra

SO
(94%)

54
(93%)

45
(100%)

78
(100%)

64
(98%)

79
(108%)

U eh valua la tha M a n  froai tira duplicata traila. Flguraa in braekata • 

parcantaga ot M t c h a d  control (ne aodlfiar).

Tha a u c t  d a t a i l a  e f  th aaa  a x p a r iM n t a  a r a  g iv a n  i n  S a c t io n  7 . 3 . 1 .



7.3.1. Iff>ct Qf »edlfl»rt on o«ll«profia

Calls war* obtainad fro* aavaral donors and aonolayars astabllshad as 

dsscrlbad in Saetion 4.5.. Day-0 calls (fro* donors R.S.r R.T.i 

R.D.) and Oay-7 calls (fro* donors H.8.} L.8.) M.R.) w r a  usad for 

datarmining tha affacts of incubation in tha prasanca of s»difiars on 

eall-protain, as daseribad in 8action 7.2.1.« Tha final 

eoncantratiens of tha aodifiars tastad warat 2,4-dinitrophanol (10 or 

2S0^9/ca^)t sodiuai fluorida (10 or lOC^g/ea^); cytochalasin 8 (5 or 

l(^9/ai^)f eelchicina (10 <x 10^g/<m^)i BOTA (5 Molas/litra« with 

or without aquiaolar ealciua ehlorida). Whara tha affaet of lew 

taaparaturas was baing axaainad, calls wars ineubatad (for up to 24 

hours) as dascribad in 8action 7.2.1. at 37*c. 20*C or 4*Ct all 

othar incubations wars at 37*C.

Tha rasttlts of thaaa axpariaants ara suMurisad in Tabla 7.1.. It 

Bay ba saan for both Day-0 and Day-7 calls, that thara is littla 

donor-dspandant variation in tha rasults. In addition« tha affact of 

tha aedifiars (axcapt low taaparatura) was siailar on both frashly 

iselatad and diffarantiatad calls. Both of tha aatabolio inhibitors 

2«4-dinitrc^hanol and sodiua fluorida eausad a significant dacraasa 

in call-pretain (apprexiaataly 50 pareant raduction)« avan at 

concantraticns as low as lO^g/ca^. Cytoehalasin 1, ena of tha 

oytos)calatal inhibitors« drastically raduead call-protaln« avan at 

^g/ea^. Celchieina (up to lO^g/ea^)« though« had no discarnibla 

affaet on tha eall-pretain valuaa, naithar did tha chalating agant 

K3TA (5sB»las/litra), in tha praaanea or absanca of aqulaolar ealeiua 

chlerlda. Lew taaparatura causad a drastic raduetien in tha 

oall-protsin valuas of Day-0 calls (20*C and 4*C causad raduetiens to 

approxlaataly 25 and 10 parcant)« but with Day-7 calls, tha dacrsasa

7.3. RESULTS





Figure 7.1.1.

Uptake of ^^^1-I«belled polvylnylpyrrolldcne (In the pretence of euraaln)

by Dey-0 cell«
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T ib í»  7 .2 .
Ind io— fo r  th »  c i f r a n e »  o f  p o lyv inylpyrrolldw ^«

(50pa/«^i In tiw pr»»€i>c« ot wixmln, VX^/m^) bv D«y-0 c«ll» tn th« 

pr«»*nc< or abMBCt of apdlfltr

Donora No Bodifiar 
(control)

Coldiieina
(io()|Kr/cB̂ )

EGTX
(Saaolaa/litra)

K.N. O.OM (100%) 0.054 (64%) 0.064 (77%)

0.8. 0.215(100%) 0.126 (58%) 0.240 (111%)

C.C. 0.247 (100%) 0.126 (51%) 0.259 (105%)

Tht figurci in brnckttt «r« tht valuns «xprasiad aa a parcantaga of 

tha aatchad control (no aodlfiar).

n>a axact dataila of thaaa a^rinanta ara givan in Saetion 7.3.2.1.

Iba unita of Indocytle Xndax (aaa Saetion 4.2.1.) ara Mi par wq protaln 

par hour.



Morphological axaalnatlon of tha ealla» following tha incubation and 

washing procadoraa, ravaalad that for all tha BOdifiars axcapt 

colchicina and SGTA (whara eall-protain valúas wars unaffactad), 

sxcassivs call loss had occurrad and tha rMaining calls wars oftan 

atypical, baing roundad rathar than displaying tha hataroganous 

■orphology dascribad in Saction 3.3.8..

Bacauaa of thasa advarsa affacts, it was dacidad to usa only 

colehiclna and BGTA in tha raaaining stadias.

7.3.3. Iffact of celehlcina and BGTA on plnocytosls

7.3,2.1. Optaka of ^^^I-laballad polyvinylpyrrolidona (in tha 

prasanea of auraain) by Day-0 calls. Blood was obtainad froa thraa 

donors (K.N.) 0.8.f C.C.) and call aonolayars astablishad as 

dascribad in Saction 4.5.. Using Day 0 to t calls, incubations wars 

coaaancad at various tiaas (24, 12, 6 and 3 hours) prior to tha and 

of tha axpariaant (on Day 1) as daseribad in Saction 7.2.1..

Briafly, this involvsd raaoving 0.2oa^ of cultura aadiua and 

raplaclng it with 0.1oi^ of ^^^l-laballsd polyvlnylpyrrolidona in tha 

prasanca of suraain (giving final concantrations in tha walls of 50 

and 500 ̂ g/ca^ rsspactlvaly) > and also aithar O.lea^ colchicina or 

K TA (giving final concantrationa in tha walls of lO^g/ca^ or 

5aolas/litra raspaotivaly). Incubations wars all tarainatad togathar 

on Day 1 as dascribad in Saction 4.5..

wâi ! • • •  a a rk a d  ( t o  a p p r o x la a ta ly  70 and 30 p a r c a n t  r a a p a c t lv a ly ) .

riguras 7,1.1. to 7.1.3. and Tabla 7.2. show tha rasulta. It is sasn 

that eall-protain valuas wars broadly constant with duration of





of ■uraaln) by Day-7 call»

rigurt 7,2.1.

üptikfc of polyvinylpyrrolldon« U n  tht prtMnc«
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Figure 7.2,2.

Optefce of ^^^l-l«belled polyvinylpyrrolidone (in the presence 

of lureain) by D*y-7 celle
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by D#y-7 c#lli

Figur# 7.2.3.

Optait# of polyyinylpyrrolldon# (la th# prtianc# of lurMdtt)

Ú

tl»# (hour#)



Endocytlc Indicts for th« cl<*r>PO> of ^ ^I-l<b»n*d poIyvlnylpyrrolldon>

(50pq/ai^t in tht p r w n c t  of ■\iri»in, SO^pg/m^) br Day-7 c«lli in th« 

prtMnc< or ab««nc« of abdlflT.

Donora Ho aodifiar 
(control)

Coldiieina
(100^/ea^)

EGTA
(SMolaa/litra)

R.D. 0.168 (100%) 0.075 (45%) 0.146 (67%)

d.S. O.MS (100%) 0.272 (53%) 0.479 (93%)

J.C. 0.058 (100%) 0.011 (iq%) 0.048 (83%)

Th« flgurti in bracktts art tha valuta axprtaaad aa a parcantaga 

of tha natchad control (no aedifiar).

lha axaet dataila of thaaa aapariaanta ara glvan In Saction 7.3.2.2. 

Tha unit! of Indocytlc Indax (aaa Saction 4.2.1.) ara ^1 par ag protain 

par hexir.



Ineubction. For two of th« donors (K.W.i 0.1.) ths e«ll>pretsln 

vsluts wort unsffsetsd by th« aodlfl«»« but with th« third donor 

(C.C.) th« ▼sltMS w«r« low«r In th« pr«s«ne« of aodifiors. With «11 

thr«« donors th« cl«srano« v«lu«s for ^^^I*lsb«ll«d 

polyvinylpyrrolldon« (in th« pr«s«nc« of sursain) iner««s«d lin««rly, 

with or without inhibitors. No iner««s« is s««n b«tw««n th« i and 6 

hour incubations, probably bacaus« th« c«ll*assoelat«d radioactivity 

valuta at tha thr««*hour point war« oftan lowar than tha aaount of 

radioactivity associating with csll-fraa walls (results not shewn). 

Tharofor«, in thas« and further axpariaanta described in this 

•action, the 3-heur clearance values w«r« not used whan tndocytic 

Indices ware calculated. The Indeeytie Indices varied seaawhat 

batwaan tha donors (0.004 to 0.24^1/b9 protain/hour. Coldiicina caused 

a reduction in the rate by 38-SO percent. IOTA on the other hand had 

no consistent effect on the cleeranee rates.

7.3.2.2. qptahe of ^^^I-labelled polyvinylpyrrolidone (in the 

prassnoa of suraaiiQby Day-7 oslls. The nethod used for these 

ei^erinenta was siailar to that just dsscribed (7.3.2.1). However, 

differentiated (0ay7) calls were used (donors R.D.> O.S.) J.C.).

Figure« 7.2.1. to 7.2.3. and Tabla 7.3. show the results. In these 

axparlaents the cell-protein values war« stable with duration of 

incubation and unaffactad by the presence of either aodlfler. Again 

ths claarance values increased linearly between 6 and 24 hours and 

therefore tndoeytie Indices ware calculated over this period (Table

7.3.). It is seen that in the absence of aodifiars the fndooytie 

Indices varied greatly between the donors (0.086 to O.S7^1/ag protein 

/hour). Yet, with all three donors, the inhibitors had aiailar 

effects on the clearance rates of the substratet IOTA caused only a





Figur« 7.3.1.

optak« of ^̂ Î-l«b«ll«d vinyl»ln«-vlnYlpyrrelidon« copoly— r 

bv D«v-0 c«ll»



b v  D « y»0 e t i l «

Figur« 7»3.2.

Upfk« of **uvl«»ln«-vlnvlpyrroUdw copoly— r

tlM (heurt)



figure 7,3.3.

Uptake of ^^^I-labelled vlnylilne-vlnylpyrrolldooe copoly— r 

by Dey-0 celli

n



Inóocytic Iodic—  for th* el«ar*ne« of t1py1i«ìp»-
vlnylpvrrolldoiw eopolyir (lOwg/ca^) by D«y«0 e«lla ia th< 

prtMnct or ■bMne« of wodlfl«

Tabi« 7,4.

Oonora No ■odiflar 
(control)

Coldtleina
(10(^/eai^)

BOTA
(5Mol«o/lltra)

P.R. 3.S7 (100%) 2.94 (75«) 4.43 (114«)

2.U* (SSt) 4.40* (115«)

R.D. 3.42 (100%) 2.45 (72«) 3.14 (92«)

M.8. e.50 (1004) 2.62 (43«) 6.55 (101«)

nia flgurts In bradtati ara tha valuaa axpraaaad aa a parcantaga 

of tha aatdtad control (no aiodlflar).

A t  axart <*«talla of thaaa axpariaanta ara givan in SactlM 7.3.2.3. 

rt\9 unlU of Hwlocytie Indax (aaa SacUon 4.2.1.) ara Mi P«r *9 

protaln par hour.

*Calla praincubatad with tha aodiflar for 20 ninutaa.



vary tlight r«ductlon (7 to 13 p«rc*nt) 4nd oolchieln* ctusod « 

grMtor doer«««« <47 to 83 p«rc«nt). Th««« rttult* w«r* «iailAr to 

thoM doscribod for tho D«y-0 eollt.

7.3.2.3. üptâko of ^^^I-I«boll«d vinyl— in»-vlnylpyrrolidono 

copolyaor by Doy-0 colli. Th* Mthod uo«d for thla «xporiMnt waa 

■iallar to that daaerlbad abova (Sactlon 7.3.3.2.)> axeapt that tha 

radlolaballad aubatrata uaad waa ^^^I-laballad 

vinylMina-vlnylpyrrolldona copolyaar at a final eeneantration of 

10|i9/aî . Day-0 ealla «ara uaad, obtainad froa thraa denora (f.fl.r 

R.D.> N.8.). In addition to tha normal procadura, with oalla from 

donor P.R. (owing to a high yiald)^ it waa poaaibla, in additional 

walla, to add tha inhibitora to calla 20 minutaa prior to adding tha 

aubatrata.

153

Pigur«7.3.1, te 7.3.3. and Tabla 7.4. ahow tha raaulta. It may ba 

aaan that tha eall-protain valuaa «ara raaaonably oonatant with 

duration of incubatien, and «ara not altarad in tha praaanea of IOTA 

or oolchieina. All tha elaaranea valuaa prograaalvaly incraaaad in a 

linaar faahion batwaan 6 and 24 houra. Pro« tha Indoeytie Indieaa 

ahown in Tabla 7.4., it can ba aaan that fer tha control ealla tha 

valuaa variad batwaan tha donora <3.42, 3.87 and 6.50^1/mg protaln/hour). 

Oolchieina eonaidarably raducad tha Cndoeytlc Indieaa, by <25 te 67 

parcant, and whara a praineubation pariod <20 mlnutaa) with 

colehieina waa carriad out a furthar raduetien <20 pareant) waa aaan.

BOTA had ne elaar affaet on tha Bndoeytlc Indieaa, avan whan ealla 

«ara praincubatad with tha inhibiter.





by Day-7 calli

r i w  7 . 4 . I .

O p t a l f  o f  v ln y la a ln t - v in y lp y r r o l ld o n »  o o p o ly— r



by D«y-7 c«lli

Piqurt 7.4.2«

Opfk< of yinylMint-Tliiylpyrrolidon» copolyaer

^  il i



by Dty-7 c«lli

P l w  7.4.3.

Optakt o f T inyl<»in>-vtaylpyrToU don« oopoI v—r



Tabi» 7.S,

Bndocytlc Indicai tor tha cl— ranca of ^^^I-laballad vlnyliin»-

yinylpyiTolldoif copoly— r (lOw/ca ) bv Day»7 calla in tha praanca or 

abatnca of «odiflar

Donora NO aodifiar 
(cmitrel)

Colohieina
(100^/c b3)

BOTA
(5wlaa/litra)

N.R. 2.36 (100%) 1.44 (61%) 2.49 (105%)

G.S.B. 2.64 (100%) 1.73 (65%) 2.52 (95%)

N.A. 2.09 (100%) 0.73 (35%) 1.S3 (S8%)

ni« figurai in briekati ara tha valuaa axpraaaad aa a pareantaga 

of tha aatchad oontrol (no aodlfiar).

Iha axaet datalli of thaaa ai^riMnta ara givan in Saction 7.3«2«4. 

n>a unita of Indoeytic Inda« (aaa Saction 4.2.1.) ara |il par ng protain 

par hour.
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1 2 5 .7.1.2.4 üptaXt of i-ltbtll«d vinyl— in*-ylnylpyrrolldw>« 

eopolyr by Day-7 o«lli. Th« procadur« u««d h«r« w«« «iBilar to 

that d«aerib«d above (Saetlon 7.3.2.).), «Kcapt that Day>7 ealla ««r« 

ua«d (isolated froa donore N.X.t O.l.l.f H.h.), and eella «ere not 

preinei^ted «ith the Inhibitors. Fleures 7.4.1. to 7.4.3., show 

the results. Açaln o«ll*pret«ln values «ere constant with duration of 

incubation and not affected by either IQTh or eolchlclne. Also, the 

I clearance values Increased linearly with duration of incubation
I
j between 6 and 24 hours, allowinf the calculation of Indocytlc Indices

(Table 7.5.). The tndocytlc Indices (no aodifiers) «ere siailar terI
each of the donors (2.09 to 2.3€pl/*9 protein/hour) i thes« vere slightly 

lower values than for Day-0 oslls. Again eolchicine reduced the 

Indocytlc Indices by varying degrees (35 to 65 percent). IOTA had no 

clear effect on the uptake of the eepelyaer. The effect of the 

inhibitors was siailar to their effect on the uptake of this 

substrate by Day-0 oslls.

7.3.3. Islsase studies

7.3.3.1. ^^^I-labellsd polyvinylpyrrolidone. Cells were obtained 

frcsi three donors (R.O. i J.I.L. t 6.V.), and aonolayers established as 

described in Section 4.5.. The release experinent described in 

Section 7.2.2. was carried out on both Day-0 and Oay-7 cells fro* 

each donor. First, cells were incubated (0.5 or 24 hours) with 

^^^I-labell«d polyvinylpyrrolidone (50^g/cB^) in the presence of 

suraaln (500 ̂ g/aa^). Then oells were washed and either harvested or 

reincubated for a further hour as described in Section 7.2.2., then 

washed and harvested. It should be noted t)i«t the r«-incubat«d cells 

underwent an extra washing procedure.



125,Weleaae eaperiaente» cella Incubated with '*’*'*I«labelltd 

polyTlnylpyrrolldone (in the praaence ef auraaln)

(i) Day-0 cella obtained fron donor R.G.

T a b le  7 .6 .

Radioactivity of 
calle (c.p.B. par 
walli corrected 
for badcground)^

Protein 
content 
of calla 
(■9 P«r 
wall)

Radioactivity 
of calla 
axpreaaed 
c.p.*. par ng 
protein

Inaction (O.Shr) with 333 0.093 3,581
hot aubatrata* 339 0.092 3.68S
incubati«) (24hr) with 1,590 0.095 16,821
hot aubatrata* 1.161 0.080 14.513
Incubation (24tr) with hot 2,193 0.135 16,244
aubatrata*, than replaced 
with aadlua (Ihr)

1,921 0.132 14,553

Incubation (24hr) with hot 1,844 0.137 13,460
aubatrata*, than replaced 
with cold aubatrata** (Ihr)

1,883 0.119 15,824

Incubation (24hr) with hot 1,490 0.093 16,022
aubatrata*, than replaced 
with hot at^atrata* (Ihr)

1,792 0.096 18,666

(ii) Day-7 calla obtained frcai donor R.G.

Radioactivity of 
calla (c.p.a. par 
wall} corrected 
for bac)cgreund)̂

Protein 
content 
of calla 
(ag par 
wall)

Radioactivity 
of calla 
axpreaead
c.p.a. par ag^ 
erotain

Incubation (O.Str) with 410 0.042 9,762
hot aubatrata* 366 0.061 6.000
Incubation (24hr) with 555 0.052 10.673
hot aubatrata* 436 Û.0S2 8.315
Incubation (24hr) with hot 424 0.045 9,089
aiAatrata*, than replaced 
with aadiuB (Ihr)

550 0.051 10,385

Incidsation (24hr) with hot 575 0.054 10,777
aubatrata*, than replaced 
with cold aubatrate** (Ihr)

458 0.054 8,778

Incubation (24hr) with hot 541 0.052 10,914
aubatrata*, than raplacad 
with hot aubatrata* (Ihr)

432 0.050 8,690

* ^’l-laballed polwinylpyrrolidone (50^/c» ) in the preaenee of 
auraain (SOO^/oa^) ^

** polyvinylpyrrolidone (500^/ea^) in the praaence of auraain (50^/ca^) 
t Background ■ 2S c.p.a.

ITie e x a c t  d a t a l l a  o f  th eaa  e x p a r la e n ta  a r e  g iv e n  I n  B a o t lo n  7 . 3 . 3 . 1 .



««pTlmntt, e«llt incub«fd with 

pplyrlnylpyrrolldorw (In th* p f w c <  of muÊÊtin) 

U) Day-0 calls obtained fron donor J.B.L.

T«bld 7.7.

Radioactivity of 
cells (c.p.B. per 
vellr corrected 
for background)^

Protein 
content 
of cells 
(ng per

Radioactivity 
of cells 
expressed 
c.p.B. per ng

Incubation (O.Shr) with 171 0.091 1,879
hot substrate* 177 0.092 1.837
Incubation (24hr) with 1,594 0.117 13,624
hot substrate* 1,714 0.107 16.019
Inaction (24hr) with hot 1,183 0.077 15,364
substrate*, then replaced 
with aedlw (Ihr)

1,036 0.076 13,632

Incubatl«) (24hr) with hot 1,020 0.094 10,851
substrate*, then replaced 
with cold substrate** (Ihr)

1,050 0.085 12,353

InodMition (24hr) with hot 1,211 0.069 17,550
substratet, than replaced 
with hot substrate* (Ihr)

1,639 0.101 16,228

(ii) Day-7 cells obtained froa donor J.B.L.

Radioactivity of Protein Radioactivity
calls (e.p.B. per content of cells
welli corrected of cells expressed
for background)^ (ag per e.p.a. per mg

well) protein '
Incubation (O.Shr) with 501 0.049 10,224
hot substrate* 416 0.043 9.674
Incubation (24hr) with 1,613 0.056 28,804
hot substrate* 950 0.028 33.929
Inod>ation (24hr) with hot 1,340 0.046 29,130
st^atrate*, then replaced 
with MdivB (Ihr)

1,613 0.056 28,804

Incubation (24hr) with hot 1,449 0.047 27,213
substrate*, then replaced 
with oeld sviMtrate** (Ihr)

978 0.028 34,929

Incubation (24hr) with hot 2,204 0.056 38,000
substrate*, then replaced 
with hot substrate* (Ihr)

1,044 0.025 41,760

in the presence of125 3* 2-labelled polwlnylpyrrolldone (S(^/ca ) 
suraaln (SOC^/oa^)

** Polyvinylpyrrolidone (S0(^/aa^) in the presence of suraain (S0(^/ca^) 
t Background ■ 25 e.p.a.

Itte exact details of these experiswnts are given in Section 7.3.3.1.



Table 7.B.

Kel— ee tKperltnta, celle Incubated with 

pelyrlnYlpyrrolldone (in the preeence of eura«ln> 

(1) Dey>0 celle d»t«lned frca donor G.N.

Radioactlvlty of 
cella (c.p.a. per 
wellf corrected 
for background)^

Protein 
content 
of cella 
(ag per 
well)

Radioactivity 
of cella 
expreaaed 
c.p.B. per ag 
orotein

Incubation (O.Shr) with 187 0.0B4 2,036
hot eubetrate* 196 0.086 2.279
Incubati«) (24hr) with 1,441 0.113 12,752
hot eubetrate* 1.S34 0.119 12.891
InctdMtion (24hr) with hot 920 0.093 9,892
aubetrate*. then replaced 
with Bedl« (Ihr)

1,153 0.098 11,765

Incubation (24hr) with hot 1,334 0.105 12,705
aubatrate*« then replaced 
with cold aubetrate** (Ihr)

940 0.081 11,605

Inaction (24hr) with hot 1,815 0.094 19,309
aubatrate*, then replaced 
with hot aubatrate* (Ihr)

1,541 0.095 16,221

(li) Dey-7 celle obtained freei donor G.N.

Radioactivity of 
cella (e.p.a. per 
well) corrected 
for background)^

Protein 
content 
of cella 
(ag per 
well)

Radioactivity 
of cella 
expreaaed 
c.p.B. per ag 
orotein

Incubation (0.5hr) with 360 0.041 8,780
hot aubatrate* 353 0.043 8.209
lnaS»ation (24hr) with 1,025 0.051 20,008
hot aubatrate* 1,108 0.050 22.160
Inaction (24hr) with hot 1,015 0.052 19,519
aubatrate*, then replaced 
with aediw (Ihr)

1,106 0.051 21,686

Incubation (24hr) with hot 940 0.050 18,800
aubatrate*, then replaced 
with oold aubatrate** (Ihr)'

1,091 0.051 21,392

Inclination (2ter) with hot 1,047 0.045 23,266
aubatrate*, then replaced 
with hot aubatrate* (Ihr)

957 0.044 21,750

125* I-labelled polyvinylpyrrolidone (50pg/eil) in the preeence of euraaln 
(50(̂ i9/%1)

** Polyvinylpyrrolidone (50(^^1) in the preeence of euraain (SOO^/al) 
t Background ■ 25 o.p.n.

Itte exact detaile of theee expérimenta are given in Section 7,3.3.1.
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Tabla* 7.6. to 7.8. ahow tha raault*. It la aaan that aoatly 

duplicata valuaa vara raaaonably eloaa. Tha eall-pretaln valuaa wara 

not lower in thoaa walla that had baan aubjactad to two waahlng 

protocola, rathar than (tha uaual) ona, Indicating that all tha 

looaaly adharant calla war* rwovad during th* flrat waahlnga.

Whan calla (Day-0 or Day-7) war* Incubatad (for O.S houra) with 

^^^I-laball*d polyvlnylpyrrolldon* (SC^g/cw^) in th* praaanc* of 

auraain (SOC^g/ca^) th* valuaa obtained aoMtlaaa differed between 

calla at different atagaa of aaturatlon, and war* laoatly not vary 

■uch higher than double th* Mount of radioactivity adhering to 

call-fraa walla. Th* aaount of call-aaaoclatad radioactivity 

(nenullaad to call-protain) incraaaad batwaan th* 0.5 and 24 hour 

incubation parioda, in all but on* can* (Day-7 callar donor R.O.). 

Th* ineraa** waa 4 to 8 fold in Day-0 oalla and 2 to 3 fold in Day-7 

calla. Thea* Incraaaaa indicated that in Boat caaaa th* aubatrat* 

waa baing capturad during thia initial Incubation period. Th* vary 

alow rat* of captura aaan with Day-7 ealla (donor R.O.) ia difficult 

to explain a* wa wara raaaonably oonfidant that th* calla had 

dlffarantiatad (by axMlnatlon of call Morphology ■ieroaeopically). 

Whan calla that had baan incubatad with radiolaballad aubatrat* for 

24 houra war* raincubatad in aubatrat*-fra* nadlua, thar* war* 

virtually no dlffarancaa in th* oall-aaaociatad radioactivity 

valúa*. Ivan whan an axcaaa of cold aubatrat* wa* Ineludad in th* 

rainoubation aadluB, to coapata with any aurfaca-bound aubatrata, 

little diffaranc* wa* aaan in th* valuaa. Sine* thara waa no rapid 

loaa of aubatrata, w* conclude that little (if any) aubatrat* waa 

juat aOiaring to th* oall aaabran*. In addition, if ealla war* 

rainoubatad with th* radiolaballad aubatrat* for a further hour, no 

diffarano* wa* aaan batwaan th* value*. Although on* would not



tatpTl— ntt, etili ioCTi^fd with vinvlaaln«-

yinylpyrrolldww oopolytr 

(i) Dty-0 c«ll* obtâliwd froa doner C.C.

Radioactivity of Protein Radioactivity
calla (c.p.B. par content of calla
walli corrected ef calla axpraaaad
for background)^ (ag par c.p.B. par ag

wall) DTOtain
Incubation (O.Shr) with 16 0.052 308
hot aubatrata* 20 0.028 714
Ineitetlm (24hr) with 147 0.038 3»868
hot attetrata* 194 0.048 2.958
Inaction (24hr) »Ith hot 142 0.045 3»1S6
a\d)atrata*, than raplacad 
vith Mdita (Ihr)

305 0.077 3,961

Incubatiw (24hr) with hot 192 0.050 3,840
aubatrata*« than raplacad 
with cold aubatrata** (Ihr)

1S5 0.051 3,039

Incubation (2fiir) with hot 180 0.050 3,600
aubatrata*» than raplacad 
with hot aubatrata* (Ihr)

168 0.050 3,160

(li) Day-7 calla obtained froa doner C.C.

Radioactivity of Protein Radioactivity
ealla (c.p.a. par content of calla
walli oorracta^ of calla a^raaaad
for background)^ (ag par c.p.a. par ag

wall) protaia
Xnodsation (O.Shr) with 10 0.058 172

11 0.052 211
Incubation (24hr) with 162 0.050 3,240
hot aubatrau* 78 0.029 »■«»«_________
InculMtion (24hr) with hot 173 0.074 2,338
aubatrata*» than raplacad 
with mtàlm (Ihr)

230 0.068 3,382

Incubation (24hr) with )>ot 180 0.064 2,873
aubatrata*, than raplacad 
with oold a*atrata** (Ihr)

218 0.068 2,735

Incubation (24hr) with hot 248 0.072 3,444
aubatrata*, than raplacad 
with hot at^atrata* (Ihr)

184 0.060 2,900

* *^’x-lab«ll«d vinylHlnt-polyvinylpyrrelidona cepolyaer
•* Cold vinylMiinc-polyvlnylpyrrelldefM copolyMr (lOC^/^l) 
t Back9round ■ 2S o.p.a.

TTi* «luet d e ta lli e f thta* «xperinanta ara «Ivan In Sactlm  7.3.3.2.



Tibie 7.10.
125,M i m i  iKpiriaint«. cill» Inc^bited <>lth I»libill»d Tlavlialn«-

vlnvlpyrrolidoni copolymer

(i) Diy>0 celle obtiined fron donor N.H.

Radioactivity of 
cella (c.p.B. per 
well» corrected 
for bac)iground)^

Protein 
content 
of cella 
(»g per 
well)

Radioactivity 
of cella 
ejcpreaaed
c.p.B. per ng 
orotein

Incitation (O.Shr) with 7 0.058 121
hot eubetrete* 10 0.062 161
IncubitiMi (24hr) with 151 0,049 2,857
hot Bubstrete* 48 0.014 3.429
Incubation (24hr) with hot 169 0.054 2,864
aubatrate*. then replaced 93 0.025 3,720
with aediia (Ihr)
Incubation (24hr) with hot 142 0.039 3,641
aubetrate*. then replaced 143 0.054 2,648
with cold eubatrate** (Ihr)
Incubation (24hr) with hot 119 0.055 2,164
aubatrata*, then replaced 157 0.035 4,486
with hot aubatrate* (Ihr)

(li) Day>7 cella obtained froei donor N.H.

Radioactivity of Protein Radioactivity
cella (c.p.a. per content of cella
well» corrected of cella expreaeed
for l3ac)iground) ̂ (■g per c.D.B. oar aa

well) DTOtein
Incitation (O.Shr) with 20 0.058 344
hot aubatrate* 16 0.069 232
Incubatim (24hr) with 93 0.027 3,444
hot a\ta*rata* 93 0.050 1,860
Incubation (24hr) with hot 252 0.070 3,600
aubatrate*, then replaced 161 0.065 2,477
with Mdlua (Ihr)
Incubation (24hr) with hot 171 0.071 2,408
eubatratet, than replaced 185 0.072 2,569
with cold aubatrate** (Ihr)
Incubatim (24hr) with hot 201 0.054 3,722
■ubatrate*, then replaced 149 0.072 2,069
with hot aubatrate* (Ihr)

* I-libelled vlnylwine^polyvlnylpyrrolidone eepolyser (10p9/kl) 
** Cold vlnyleaine-polyvlnylpyrrelidone cepelyaer (100)ig/dil) 
t Bftckground ■ 25 e.p.a»

The exeet detille et theee experlaente ere given in Section 7.3.3.2.



Table 7.11,
125,.Releeee experlaenf, celle incubeted with I-labelled vinyl— <«—

yinylpyrrolidone copolymer

(i) Day-0 celle obtelned fron donor M.O.

Radioactivity of Protein Radioactivity
calls (c.p.B. per cMitent of cells
welli corrected of cells expressed
for background)^ (ag per e.p.a. per ag

well) protein
Incubation (0.5hr) with 11 0.069 159
hot aubatrate* 10 0.044 227
Incubation (24hr) with 49 0.016 3,062
hot substrate* 62 0.013 4.769
Incubation (24hr) with hot 142 0.027 3,471
substrate*« then replaced 
with Mdiia (Ihr)

160 0.029 3«069

Incubatim (24hr) with hot 135 0.037 3,649
substrate*« then replaced 
with cold substrate** (Ihr)

120 0.040 3,000

IncdMtion (24hr) with hot 138 0.059 3,538
substrate*« then replaced 
with hot substrate* (Ihr)

148 0.033 4,485

(11) Day*7 cells obtained fram donor M.O.

Radioactivity of Protein Radioactivity
cells (c.p.a. per content of colls
%relli corrected of cells expressed
for background)^ (ag per e.p.a. per ag

well) orotein ''
Incubation (0.5hr) with 11 0.069 159
hot substrate* 11 0.062 177
lnad»ation (24hr) with 157 0.064 2,453
hot substrate* 169 0.064 2.640
Incubation (24hr) with hot 186 0.094 1,979
substrate*, then replaced 
with aedliB (Ihr)

207 0.084 2,464

Incubatiw) (24hr) with hot 201 0.069 2,913
substrate*, then replaced 
with oold substrate** (Ihr)

132 0.082 1,610

Incubation (24hr) with hot 164 0.055 2,982
substrate*, then replaced 
with hot substrate* (Ihr)

142 0.050 2,841

* ^^t-lâbelled vinylaBlne^pelyvinylpyrrolldMM copolyaer (10̂ / b 1) 
** Cold vinylaalne-pelyvlnylpyrrolidone cc^lymr (10(^A*1) 
t Background ■ 25 e.p.a.

Ttie exact detalle et these expérimenta are given in Section 7.3.3.2.



•xp«ot to ••• a furthor incroat* ovar auch a ahort parlod, this atop 

doMonatratad that tha axtra waahlng procadura Itaalf could not ba 

affacting tha valuaa.'
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125,I-Laballad vlnylaalna-vlnylpyrrolidona eopolyar»

Tbaaa axparlaanta «rara alallar to thoaa juat daaerlbad, axcapt that 

tha inoubatlona «rlth aubatrata «rara «rlth ^^^I-laballad or 

non-lodlnatad vinylaailna-Tlnylpyrrolidona copolyxar (10 and 10^g/cB^ 

raapactlvaly). Tha calla (DayO and Day-7) trara obtalnad froa thraa 

donora (C.C>> M.N.) and N.O.)•

Tablaa 7.9. to 7.11. ahotr tha raaulta. Aa with tha axparlaanta juat 

daacrlbad, dupllcata valuaa «rara raaaonably cloaa, and for tha acat 

part call-protain valtraa «rara eonatant throughout tha duration of 

aaeh axpariaant. Tha oall-aaaoclatad radioactivity valuaa obtained 

for tha ahort (0.5 hour) inc«i]>ationa« «rara cloaa to doubla tha aatotmt 

of radioactivity adhering to call-fraa «ralla, and in all caaaa tha 

radioactivity valtiea (axpraaaad par mg protein) incraaaad, battraan 

tha 0.5 and 24 hour incubation parioda (Day - 0  calla 5 to 12 foldi 

Day-7 oalla 7 to 16 fold). Thia indicataa that tha aubatrata «raa 

being captured during tha initial incubation period. Whan oalla 

(pravloualy incubated «fith tha aubatrata for 24 houra) «rara 

raincubatad in either aadiuai alone or with an axcaaa of non-iodinatad 

aubatrata, although tha valuaa «rara vary acattarad, there waa no 

obvioua diffaranea battraan tha valuaa and tha 24-hour uptake valuaa. 

Thia indicated that aoat of tha aubatrata had bean genuinely 

intarnaliiad by tha ealla over tha 24-hour parlod. Again, «rhan calla 

«rara raineubatad in hot aubatrata tha eall-aaaociatad radioactivity 

valuaa «rara aiallar to tha 24-hour uptake valuaa.



7.4. DISCUSSION

Al itAtAd «t th« b«9lnnin9 of thti ehapttr« w* h*d «lr««dy 

d«Bon*trat«d that taeh of th* twe r«dlol*b*ll*d subitrat** 

aeewulat*d pre^raaalvaly ov*r a prolongcd tÌM-pariod. Thl* raault 

is itaalf Indicativa of uptaka by pinoeytoala, but in thla chaptar 

i othar ralavant paraaatara hav* baan atudlad.

7.4.1. Iffaet ef «odlflara on call«protaln

Xt «aa plannad te atudy th* affact on pinoeytoala ef a «Id* ranga ef 

■edlflarat low taaparatura, ealelu« ehalating aganta, and aatabolle 

and cytoahalatal Inhlbitera. Prallnlnary atudlaa ahowad howavar that 

■eat of tha «edlflara <apart from B6TA and celehlelna) causad 

significant and aoaatlaas drastic reductions In th* call-protaln 

values, Indicating call-leas. Lew taaparaturas, th* cytoskalatal 

Inhibitor cytochalaslnB «nd th* aatabelle Inhibitors

2,4-dlnltrophanol (lOaZSOMg/as^) and sodium fluoride (lOalOO^ig/^^} all 

resultad In lower eall-protaln values. This affact was highly 

consistent with calls frea different donors (see Section 7.3.1.).

Beth freshly Isolated calls (Oay-0) and dlffarantlatad calls (Day-7) 

war* alallarly affected by tha aodlflars except by low toiparaturaa, 

whar* call-protaln values war* auch lower whan Day-0 ealla war* 

aubjaetad to either 20*C or 4*C. This was not surprising, for net 

only ar* aenecyt*-derivad aacrophagas thought to hav* a greater 

capacity than aonocytas to adhere to substrates, but also In many 

senecyt* Isolation precaduras lew taaparaturas ar* usad to stop th* 

calls adhering.



It not elMr fro« that* axparlaanta whathar tha call loaaas 

(infarrad by tha raduead pretaln valuaa) wara dua to call daath, 

which would laad to call dataehaant« or to wlabla calla alaply loalng 

thalr adharant propartlaa. Thla quaatlon could aaally ba raaolvad by 

using trypan blua to taat tha viability of tha datachad calla.

Howavar, it waa dacidad not to puraua this further bacausa, whatavar 

tha eutco«a, «any of tha «ediflara wara eenaldarad unauitabla for usa 

in tha planned axpariaanta on pinoeytosis> for tha following reasons. 

First, whan tha treated calla wara axaalnad («icroscopically), they 

wara often sean to display atypical «orphologyt all tha calls wara 

vary rounded and often vary rafractila. The population «ay tharafora 

behave atypically. Secondly, it would ba highly probable that tha 

raaainlng calls would ba a aalaetad aul^pulation, resistant to tha 

affects of tha inhibitor, and say behave differently (different plnocytlc 

activity) to tha population as a whole. For these reasons it was 

dacidad to use colchleina and IOTA only in tha studies on 

plnocytoals. Vith both of these agents eall*protain values wara not 

affected, and calls whan axaainad «icroscoplcally displayed typical 

Morphology, siallar to that described in Section 3.3.8..
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It was difficult to coapars thasa results with previous reports 

because, although all tha inhibitors wa used (except IOTA) are known 

to ba cytotoxic (at slightly higher concentrations than wa used) to 

rat and «ousa peritoneal «acrophagas and rat kupffar calls 

(Nuntha-Kaas, 1977) Frattan S Lloyd, 1979), tha criteria used to 

dataniina cytotoxicity wara not clear. Call-protein values wara 

certainly not dataralnad and so call less stay have bean undetected at 

lowsr concentrations of tha aodifiars. This point is discussed 

further in tha next Section 7.4.2..



For tha raaaont glvani In tha pravloua <actlon wa only atudiad tha 

affacta of tha t«o Hodifiara colchicina and BOTA on tha pinocytlc 

actlvity of hiflun aonocrtaa/Bacrophagaa. Tha Bndocytlc Indlcaa 

obtalnad tot '**I-laballad polyvlnylpyrroUdona and '^*I-laballad 

vinylaalna-vlnylpyrrolldona copolyMr In tha abaanca of aithar agant 

«ara aiailar to thoaa pravioualy raportad (Chaptar 6) ualng 

ai>ilar-agad calla. Iharafora wa »ara confldant that our 

■aaauraaanta «ara raproduclbla.

7.4.2. gffaet of «odlflT» on pinocytotli

Tha eytoakalatal Inhibitor colehicina (100 ̂ q/cm^), eonaiatantly 

raducad tha rataa at which both '^^I-laballad polyvinylpyrrolidone 

and I-laballad vinyluiina-vinylpyrrolidona copolyaar vara captured 

by both Day-0 and Day-7 oalla. Although tha extant of inhibition 

varied between ealla froa different donora (25 to S3 percent 

reduction), there waa no indication that it depended on tha ataga of 

diffarantation of tha calla. or on tha aubatrata being captured.

Since thia inhibitor did not affect tha call-protein valuaa or tha 

•ori^ology of tha calla, wa ware confidant that thia waa genuine 

inhibition of uptake, and that wa ware not ainply aeaeuring tha 

pinooytie activity of a aalactad aubpopulation of calU. Although tha 

affect of colchicine on tha uptake of thaaa two aubatrataa by 

■ononuclaar phagocytaa haa not pravioualy bean raportad, Prattan a 

Lloyd (1979) uaing rat peritoneal aacrophagaa ahowad that colchicine 

(10<^g/oB^} greatly inhibited tha capture of ^^^I-laballad 

polyvinylpyrrolidone and colloidal ^^^Au (by about 90 and 50 parcant 

raapactivaly). Intaraatingly, whan a lower concentration of 

colchicina (10 ^g/cM^) waa uaad, although tha uptake of colloidal 

'^^Au waa still graatly inhibited, that of ^^^l-laballad



polyvinylpyrrolidont not, indicnting that tha inhibition is 

substrata'dapandant. Thasa rasults ara difficult to understand for, 

avan whan subatratas ara captured adsorptivaly or in tha fluid-phase, 

tha sana vasiclas ara involved. Nuntha-Kaas (1977) also reported 

that colchicine inhibited tha capture of colloidal ^^^Au by 

■ononuelaar phagocytes (rat kupffar calls and aousa peritoneal 

aacrophagaa). However in tha Uttar study, inhibition was only 

achieved at vary high colchicine concentrations (400(yg/c«^). Such 

concentrations ware reported to causa atypical aerphology (i.a. 

rounded calls) and, although calls ware still viable (datarainad by 

trypan blue), it la unllkaly that colchicine at this concentration is 

affecting only tha aicrotubulas. Xs stated in tha Introduction, care 

aust be takan whan interpreting inhibition studies such as thasa since, 

if call loss is net aonitorad, it is possible that falsa 

conclusions aay be drawn. In many studies (a.g. thit of Nuntha-Kaas, 

1977), tha rasults can be criticised, sinca tha aaount of 

radiolaballad substrata captured is expressed in terms of tha nusibar 

of calls initially present, and any call-loss caused by tha inhibitor 

is net accounted for; one could therefore siaply be SMaaurlng the 

effect of the inhibitor on cell-less and not on plnecytic activity.

On the one occasion when it was also possible to praincubate the 

cells with colchicine 30 Bd.ntxies prior to adding the radlolabelled 

substrate, a greater degree of inhibition was found (approxiawtely 20 

percent aore). This result was coapatibla with the report by 

Itarling at a ^  (1983), in xhi^adelay (2.3 hours) was reported in 

tha inhibitory affect of colchicine on the uptake of ^^^I-labelled 

polyvinylpyrrolidone by rat visceral yolk-sacs. Starling at al. 

(19S3) further showed that colchicine entered the cells very rapidly 

and therefore concluded that the delay was net due to poor drug



parawtlon into th* o«ll, but to th* way in which it Intaractad with 

tubulin to bring about tha dyafunction of tha alcrotabulaa.

In contrast to colchleina« wa found that SGTh (Saulaa/litra) causad
125littla if any raduction in tha claaranca of l-laballad 

125polyvinylpyrrolldona and l-laballad vinylaaina-vinylpyrrolldona 

copolyaar by aonocyta/aaerophagas avan if calls wara praincubatad 

with tha inhibitor«

It was difficult to undarstand why B6TA did not inhibit ths captura 

of tha radlelaballad substratas by aonocyta/aacrophagas, whila 

eolchiclna did« Wa wara confidant that tha concantration of IGTA 

usad was sufflclant to chalata tha calcina in tha cultura aadlua. 

Tharafora wa conciudad that aithar« BOTA doas not inhibit pinocytosis 

in huaan aoncyta/aacrophagas or, that tha substratas wara not baing 

capturad pinoeytieally. iha lattar conclusion was lass probabla 

though for« as suaMrliad balow (Saetlon 7.4.4«), our othar rasults 

pointad to uptaka by pinocytoais.

Our rasults contrastad sharply with anothar study using aononuclaar 

phagocytasi Frattan fe Lloyd (1979), using rat paritonaal Mcrophagas, 

raportad that BOTA (5 ■■olas/litra) graatly inhibitad tha uptaka of 

tha fluld-^asa substrata ^^^I-laballad polyvinylpyrrolidona, tha 

affaet baing abolishad in tha prasanca of aquiaolar calciua chlorida.

7.4«). Malaasa studias

Tha raaults dascribad in Baetion 7.3.3«1. indicata that tha 

eall~aasociatad radioactivity of calls (DayO or Day7) ineubatad 

with '^^I-laballad polyvinylpyrrolidona (in tha prassnca of suraain)



r«pr«t*nt*d 9«nuint intarntlltation of tha aubatrata. If tha 

oall-aaaociatad radioactivity waa juat aurfaca-bound aubatrata, wa 

would hava axpaetad rapid and draatic raductiona in tha aaounta of 

radioactivity raaaining aaaoeiatad with tha calla whan thay vara 

raincubatad in aithar aubatrata-fraa atadlua or in aadluai containing 

non-iodinatad aubatrata» Raaulta of aiailar atudiaa earriad out with 

tha ^^^i«laballad vinylaaina-vlnylpyrrolidona copolynar ahowad that 

thia aubatrata too waa baing intamaliaad by tha calla (Day-0 and 

Oay-7),

7.4«4. Concluding ranarha
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In auaaary, wa bava ahown that eolehieina (lOO^g/cai^) aignifieantly 

inhibitad tha uptaka of ^^^l-laballad polyvinylpyrrolidona (in tha 

praaanea of auraaiin), and of ^^^l-laballad

vinylaaiina-vinylpyrrolidona oopolynar, by ■onocyta/macrophagaa. Thia 

ia eonaiatant with captura baing by pinocytoaia» Saeondly, wa 

daaonatratad that BOTA (S «ulaa/litra) had no narkad affaet on tha 

captura of thaaa aubatrataa» Thia auggaata that aithar pinocytoaia 

waa not raaponaibla tot tha uptaka or, if it waa, than pinocytoaia in 

thaaa calla ia not affactad by thia aodifiar. Thirdly, tha ralaaaa 

axpariaianta ahow that both aubatrataa wara truly intarnaliaad by tha 

calla and ara not aiaply adaorbad to tha cali aurfaoa (to any 

appraciabla axtant)■ Thia again iapliaa that pinocytic captura waa 

oocurring. Takan aa a whola, tha raaulta juat daacribad, and alae 

tha pravioua avidanca for prolongad prograaaiva captura of aach 

aubatrata by nonocyta/aacrophagaa, point to tha conclusión that tha 

uptaka of radlolaballad aMcroaolaeulaa daacribad in Chaptar 6 waa by 

pinooytosia. Plewavar tha failura to inhibit thia captura by BOTA 

aurrounds thia ooncluaion with aosa alaiaant of doubt.





In th« pr«TÍoua eh«pt«r» (6 and 7), «a Hava baan ooncarnad wlth tha 

aptaka into aonoeyta^cropha^aa of two aolubla aaeroMolaculaa« 

polyvinylpyrrolidona In tha praaanea of auraaln and tha eatienlc 

oopolyaar vlnylamlna-ainylpyrrolidona. tn erdar to oonaidar tha 

raaulta In a hroadar oontaxt« «a oonaldarad It Inportant to atudy 

alie tha captura of partlclaa by ealla culturad In tha aama 

conditiona aa uaad fer tha atudlaa of plnoeytoaia*

e.1. INTAOOOCTtOM

Pha^ocytoaia la tha capture of «Icro-partielaa» Noat of tha nathoda 

uaad to atudy tha ^anoaanon ara ■erpholoqleal« For axaapla, capture 

of partleulata aubatrataa (coaionly pelyatyrana data«) baada, ahaap 

rad blood calla or alcroorqanlaaa) la usually dataralnad by 

llaht-olcroaeopyf and data axpraaaad in tarw of tha parcanta9a of 

calla inaastinq tha partlela. flowavar« thara ara twe aaln drawbacks 

to this approach. Flrat, for accurata resulta, laraa nuitera of 

calls naad to ba asaaaaad, and oonsaquantly tha procedure la 

tlMfconaualnai particularly If an attempt la aada to aatlaata tha 

avaraaa nui^r of particles In^aatad by each eall. klao. It la often 

difficult to aaaaaa whethar tha substrata has truly baan ln9astad, or 

la aaraly bound to tha call surface. Tha usa of radlolaballad 

aubatrataa la a sera oonwanlant way of aaaourlnq phagocytosis. In 

1914 Frattan and Lloyd raportad a slapla, hlqhly-aanaltlva assay for 

phaaocytosla usinq ^^^I-laballad polyatyrana beads. Oalnq rat 

peritoneal nacrophaqaa, they nada a parallel study In which tha new 

radloaatrle and tha nora conventional Blcroseople assay wars 

ooaparad. They showed that both aathoda qava quantitatively vary 

alsllar data on phaqecytoalsf tha radloaetlva assay was however vary 

■ueh lass tlaa-eonauslnq. Tha only drawback to tha new nathod la



that, tine« nat i^aka la datarminad, ana cannot aaaaaa dlffarantlal 

actlvitiaa of oalla within tha population. Oainq thla naw taehniqua, 

Prattan a Lloyd <19S6) raeantly raportad tha uptaka by rat paritonaal 

■acrophaqaa of polyatyrana baads (tOOna to ItOOna diaaatar)* lhay 

found that tha larqaat baada wara capturad at aawan>tiaaa tha rata of 

tha MMllaat. It waa rapertad that eolehieina (a known inhibitor of 

plnoeyteaia in thair oall^ayataa), qraatly inhibits tha captura of 

tha saallaat haada, but not of tha larqaat. For tha intamadiata 

aitaa, tha doqraa of inhibition by oolchleina daeraaaad aa tha 

partiela^aiia incraaaad. It was tharafora ooncludad that tha 

aaallaat baada ara capturad aolaly by pinocytoaia, and tha laroaat by 

phagoeytoaia. Tha intamadiata aiaaa of baada appaarad to ba 

capturad by both proeaaaaa, tha contribution of phaqoeytoaia otaadily 

ineraaainq with ineraaainq partida aiaa.

In tha praoant work tha usa of radlolaballad polyotyrana baada waa 

oonaidarad to ba particularly valuabla. by studying tha captura of 

both tIOOnn and 100na diaiaatar baada, it would ba posaibla to naasura 

phagocytoaia and at tha saaw tias, using an almost idantioal 

substrata, supplaMnt tha pravioua data on pineeytosls.

Na haws tharafora naaaurad tha vg>taka of tOOnn and llOOnn dlanatar 

polyatyrana baads by oalla at various atagaa in thair davalopoMnt.

8 . 2 .  EXFIRIMBTFAL P0STH0D8

8.2. t. Fraparation of ^^^l-laballad polyatyrana baada

Folystyrana beads (lOOna and llOOnn dlanatar) wara ^»tainad fro« 

8i^« Chaaieal Co. , Dorsat, U.K. and radiolahallad aa daacribad by



Pritt«n k Lloyd (1984) uiln^ th« Chloramln* T Mthod developed by 

Hunter et e ^  (1963). A euepenelon (10 percent w/v) of beede (100n* 

or llOOnn dletMteri 10()m 1) wee pieced in e 25caî  univereel oontelner, 

which wee Mlntelned on Ice throuqhout the reection. Cold (4*0 

phoephete buffer (4.5ca^i pH 8.0» 0.05 enlee/litre) wee edded to the 

beede end the eolation nixed. Then [^^^Dlodlde (0.5 vCl In ^1) wee 

added to the reaction veeael uelnq a Hamilton eyrln9e. Chloramine T 

(1 nq/cm^i 3.0 em^) wae added end the mixture eqlteted qently (8 

mine; 4*C). Sodium Mtableulphlte (2mq/cm^f I.Scm^) and a email 

eryetel of potaeeium iodide wee edded, end the eolutlon mixed. The 

eolutlon wee then dialyeed at 4*C aqalnet Had (1 percent w/v» 5 

lltrea) for 3 to 4 daye with twice-daily changee of the eodlum 

chloride eolation. The eai^lea were etored at 4*C.

The amount of free [^^^Illodide in the radiolabellad eanplee wae 

determined by eleetrophoreeie ee deecribed in Section 2.2.16.. Thie 

teat wee cerried out laMdiately following the dialyala and 

immediately prior to uee. An experiment waa alao conducted to 

determine whether the radiolabel remained attached in ei^rimental 

conditiona, i.e. in culture median at 37*C for 6 houra.

S.2.2. Heaaurinq upfke of polyatyrene beada.

The procedure uaed to meaaure thè uptake of polyatyrene beada waa 

eaaentially thè aama aa thè mathod uaed for thè previoua upteke 

atudiea, daacrlbed in Sectlon 4.5.. The exact detalla of thè 

experimenta are given with thè reaulta.



8.3. RESULTS

8.3.1, Ch«r«eterlitlci «nd ■tablllty of polyttyfB«

Th« I«b«lllnq «fficltncy of th* tiull (lOOiw dlaiMtar) vtt 52

p*rc«nt, and of th* Itrq* (IlOOim) b*«dt 13 p«rc*nt. Afttr dlalysi* 

both radlolaballad pr*p«r«tlent contalnad lata than 1 parcant 

(^^^Illodlda. Tha praparationa «ara conaidarad atabl*« baeaua* 

atoraq* at 4*C (up to 2 aontha) or ineubation in cultura Mdiun 

(37*Cf 12 houra) dld not aitar th* parcant of fra* [^^^I)lodlda.

8.3.2. Optaka by Day-4 calla.

In thla Initial axparlawnt aonocytaa war* culturad for 4 daya In 

atandard oondltlona (Saetlon 4.5.). Radlolaballad polyatyran* baada 

war* addad at varloua tin**, by ranovlng O.lcn^ of cultura nadiun and 

raplacinq It with O.len^ of a wamad aolutlon containing althar *m 11 

(lOOnn dlanatar) or larga (IlOOnn diamatar) baada, te a final 

concantratlon of 50 wg/en^. Addition of th* baada waa at 2, 4 or 6 

houra bafor* th* taminatlon of tha Incubation. Thaa* wara aligbtly 

longar Incubation parloda (l.a. up to 6 hour* rathar than 2.5 

hour*), and highar (x5) ooncantratlena of polyatyran* baada than 

thoa* of Prattan at a ^  (1986). Thaa* nodifleationa war* nad* to 

Incraaa* th* poaalblllty of datactlng captura of baada. Additionally 

baada war* Incubatad for 8 hour* In oall~fr*a wall* containing 

cultura Mdiun only, to datarnln* whathar thar* waa any adaorption to 

tha wall Itaalf.







UpfX« of llOOw d l w w t T  poly>tyr«B« b»ad< by D«y-4 c«U«

Figur« 8.1.2.
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Sndocytlc Indie«« for tht cUartne» of « m 11 (IOOmi di— fr) and 

l>rq« (llOOw dÌMi>tT) polyttvr«n« b«*d» bv D«v«»4 

■onocyt«/^crorti*qei »

Donerà diaaatax of baada

lOOia llOOra

G.8. 223.0 222.0

A.8. 61.8 66.8

11)« «xaet datali» of thaaa axparimanta ara flvan in Saetion 8.3.2. 

Dia unita of Endocytic Indax (aaa Saetion 4.2.1.) ara Mi par ng 

protain par hour.





Upttfc« ef loo» diatt« pelyttyf nt b«>di by D«y-7 e«ll«

Flgurt 8.2,1.
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üptâk« of lOQi» dl— U r  pelyttYf IH btd« by D«y>7 c«ll»

Figur« 8,2.2.
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Opfln of loo» dl<— tr polytyrif bw di bv D>y-7 etili
r iq u r «  8 .2 .3 .





Upfk« of llOOi» di«— f r  polytyrtn« b««di by D«y-7 e«ll«

Figur« 8.2.4.



üptak» of IlOOîi d l M W f  r pelyityrtn» b»ad* by D»y-7 c»ll»

Figur» 8,2.5.
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Bptak» of llOOi» dl»— t»r poly»tyr»n> b»«di by Day-7 e»ll«

Figur» 8,2.6,
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Indocytic Indlc«t for th» clw*nc« of (1) atll (lOOii dla»»fr)

T i b l t  8 .2 .

(il) U w  (1100m  diMwtr) polyttyrTi« b— d«, by D>y-J 

■onocyt«^i*croph«q«t in th< p w tnc» and «bttnc« of coldticin«

(50 fiQ/̂11)

Donoy« coldilelna abaant eoldilelna praaant

(1) 0 .8. 890 623 (70%)

A.8. 254 168 (66%)

L.8. 151 95 (61%)

(11) 0 .8. 259 276 (107%)

A.8. 302 339 (112%)

L.8. 138 132 (96%)

Th« figur«i In br«ek«ta nr« th« valu«« «xpr««««d u  a pareantaga of 

tha Mtdtad emtrol (eolohielna abaant). Tha axaet datali« of thaaa 

«xparlaMnt« ara gl van ln Sactlon 8.3.3.

1h« unit« of Bndocytic Xndax (•«« Saction 4.2.1.) ara )il par ag protaln 

par hour.



Two donor* (0*8«i A*l>) «oro usad tor thii «j^rlnont* fl^oroi

and 0*1*2t show tho data obtalnad, axpraaaad as uptaks par 

«all and as i^tak* par ag oall protaln« In aeat casas tha valúas for 

duplleata walls war* closa* In all casas th* aaeunt of radioactivity 

found In eslls Ineraassd with duration of incubation and, whan 

noraalisad to osll-protain, th* iq>tak* was raasonably linaar with 

tiaa, paraitting th* oaleulation of an Indocytic Indax (Tabla 

Although th* absoluta valúas for tndocytic Indax war* 2 to 3 tiaaa 

highar with 0.8. oalls than with A.8. calls, thsr* was with both 

donors littla diffaranea in ths rat* of i^tak* of th* two sitas of 

baad. For aaeh sis* of partida, th* aaount of radioactivity 

assoeiatad with oalWra* walls was found to bs vary low, i.a. 

nearly always lass than tan paroant of th* aaount aasoelatad with th* 

calls.

8.3.3. Optaka by Day? calls.

Thar* war* tuffleiant aonoeytas froa th* two donors 0.8. and A.8. 

to undsrtak* a study of uptak* after a further thra* days in cultura. 

Day*? calls war* also available frea a third donor (L.8.). In thaa* 

axpariaants tha protoool was as daseribad above for Day*4 calls, with 

two dlfforáneos. Th* incubations with polystyran* beads wars for 

shorter, but aor* eonvoniant periods of 1, 3, or S hours, and in son* 

cases th* aierotubulaNissaably inhibitor oolchicina (SOpg/ca^) was 

added 3 hours prior to adding tha radiolabsllad beads. Figures

8.2.1. to 8.2.8. show th* raaults. Again for each donor values for 

duplioat* walla war* raasonably elosa. In all oases th* aaount of 

radioactivity assoeiatad with tha calls inersasad over th* five-hour 

incubation period. Whan tha i^tak* values war* nornalisad to 

eall-protain, all th* olaarano* values res* linearly with tias.



•Ilowln? th« ealeulAtien of Indocytlc Indleoi (Toblo 8«2*)> for both 

•ItM of boad, thara «ai aoaa variation batwaan donora In tha valoaa 

for tndoeytie Indas« Tha elaaranea rataa of aaull (lOOna dlaaatar) 

baada by oalla froai tvo of tha donora (h«8> and L«8«) vara not too 

dlaaiailar» wharaaa tha rato for oalla from 0«8. waa aavaral tiaaa 

qraatar. Vlth tha laraa baada (llOOna diaMtar) tha donor*dapandanea 

of Indoeytle Indas waa not ao araati all thraa valúan lay batwaan 130 

and 31^1^19 protaln/hour.

In noat caaaa« oolehlelna had llttla er ao affaet on tha protaln 

oontant of oalla (fia« 8.2.1. to 8.2.8.). Vlth tha anali baada aa 

aubatrata. tha Indooytic Indas waa raduoad by tha praaanca of 

oelehielna to 60*70 pareant of tha natehad oontrel valúa. Howavar, 

with tha laraa baada. oelehielna did not raduea tha indoeytic Indioaa 

(Tabla 8.2.).

Oua te donor-dapandant variationa It waa not poaaibla to na)ca a

ainpla eo^parlaen batwaan data en oalla ef diffarant aaaa. Rewavar

with two donora (0.8. and h.8.) 0ay*4 oalla froa tha sana blood

aanpla had baan atudiad. pamittina an asaasanant of whathar thara

wara any chañaos in Indoeytie Indas with aaa ef eolia. Coo|>ariaon of

Tabla 8.1* and Tabla 8.2. shows that ovar tha ostra thraa days in

eultura. approsinataly a thraa*fold incraaaa in tha Mptura ef tha

anali baada oceurrad. With tha Uraar baada a significant Ineraaaa waa Mtly

ebnarvad with eolia fren ena donor (8.8.)«

it waa also of intaraat to study tha uptaka of pelyatyrana baada in 

younger eallo* and tharafora in tha asparinanto dsacrlbad nast. Day*1 

ealls ware aa^loyad.







Opfk« of lOOim polytyrana baadt by Day-1 calla

rUura 8.3.2.



Upt«k« of IQOi» dlwMfr polyttyfM bMdt by Dây-1 c»lli

Plqn« 8.3,3,





Figur« 8.3.4«

üpfk« of IIOOt m dlai«t«r b— d« by D«y-1 cell«
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Figur« 8.3.5.

üpt«fc« of llOOtw dlat t r  poly>tyr«n« b««d« bv D«v-l c«ll«

(1) 8



Figur« 8.3.6.

üptak« of llOOr» d l a t f  r polyttyrtn« b««d« by D«y-1 e«ll«

il.:



Bndocytic Indle*i for th« cl*ar>nc« of (1) t— 11 (lOOf d i w t r )

tnd (li) larqt (llOOi» dia— t«r) polyttyrm» b— d» by P>y-1

■onocyf/WcrophaqM In th« w t n c «  or «bt«nc» of coIAiclm (50iw/c»^)

Donerà colchicina abaant colchicina praaant

(i> N.R. 263 127 (48%)

X.8. 384 155 (40%)

R.O. 301 120 (40%)

(il) K.ll. 1S3 190 (124%)

X.8. 185 203 (110%)

R.D. 186 168 (90%)

Di* figuna in brackata ara tha vaiata txpraaaad aa a parcantaga of 

tha atatchad control (coldtioina abaant). Tha axact dataila of thaaa 

axparlBanta aro glvan in SaetiMt 8.3.4.

Tha unita of Bndocytle Indax (aaa Saction 4.2.1.) ara ul par ag protaln 

par hour.



8.3.4. Dpfkt by D«y-1 c«lli.

In thi* «i^rlMnt, 0«y-1 e«ll« item thr*« donort <N.R.» 1.8. > R.O.) 

w«r* uMd. Ttit protocol w m  the ai that uacd for Day7 calla, 

fl^araa 8.3.1. to 8.3.6. show the raaulta. In all easts nluas tor 

duplicata walls wars raasonably dosa. Tha eall-assoclatad 

radioactivity Ineraastd with tlaa. Whan uptakas wars noraallsad to 

eall-protaln, graphs of claaranca valuta against tias wars linaar. 

allowing calculation of Bndocytic Indicts (Tabla 8.3.). In this 

serias of sxpariaants thara was littla donor-dapandant variation in 

tha Bndocytic Indicts for slthar sisa of baad. Howsvar. tha rata of 

uptake of the saallar beads (lOOna diaastar) was consistently 

approxiaatsly twice that of tha larger beads (tlOOna disaster).

Celchicina's effect on call protein was variable. Vith donors N.R. 

and 1.8. tha protein content of osile was generally ali^tly lass 

than that asasursd for the untreated eallSr but with R.D.-calls no 

diffaranoa was sean. Tha affects of oolchleina on baad intake wars 

aors oonsistant. With all three donors tha Bndocytic Index of tha 

saall beads (lOOna disaster) was reduced by eolchicina to 40-48 

percent that of tha aatchad controls. With tha large beads (HOOna 

dlaaatar)» colohicina did not such affset tha Bndocytic Indices.

8.3.5. Uptake of lOOna beads by Day-1 and Day-7 calls obtained froa 

tha saas donor.

To allow ooaparisons to be aada between young calls (aonocytas) and 

old calls (aacrophagss)f blood was ^»tainad froa three further doners 

(f.N.l O.W.) P.R.) and studied at both 1 and 7 days. Incubations 

were parforasd in the saas way as tha previous axperiasnt but« owing





Figure B.4.1.
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Figure 8.4.2.

üptefce of lOOi» dlatter polyetyrene b— di by Dey-1 end Day-7 cell»
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Figur« 8.4.3.

OptaX« of lOOna di— f r  poly«tyr«nt b— d« by D«y-1 «nd D«y-7 o«ll«
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Endocytic Indlc«t for th* cU t m o » of — 11 (lOOw di— f  r) 

polyttyfn* b— d» by D«y~l >nd D*y-7 ■onocyt«/»icrophag«t

Omore Duretlcxi of cell* in culture

1 Day 7 Days

P.H. lee 167

6.N. 143 3S8

P.R. 9S lie

Ttta unlti of Bndocytlc Index (••• Section 4.2.1.) ere per ag protein 

per hour.



to call tTailabllity, only on* aubatrat« eould ba uaad. Tha aaall 

dOOna) baada wara cboaan in prafaranca to tha larqa» ainea thay had 

radiolaballad aora affielantly (Sactlon

Flguraa 0.4.1> to 0.4.3. ahow tha raaulta. It la aaan that 

duplicata valuaa «rara raaaonably cloaa. In all caaaa tha amount of 

eall-aaaoelatad radioactivity Incraaaad with tha Incubation tlaa.

Whan tha data wara noraalliad to oall*protaln, tha claaranca valuaa 

Incraaaad linaarly with tlaa, allowing tha calculation of Kndocytlc 

Zndleat (Tabla 0.4.). Tha data ahow that with donora P.N. and P.R.« 

tha abaoluta valuaa for tha Bndocytlc Indax do not dlffar ^raatly 

batwaan tha young and old oalla, but with doner O.N. a 2 to 3 fold 

Incraaaa occurrad batwaan Day 1 and Day 7. Aa with tha pravleua work 

with Dayt and Day~7 calla (aaa Tablaa 0.2. and 0.3. 

donor-dapandant variation in Cndoeytlc Indlcaa waa aaan with tha 

oldar calla» but not with tha youngar.

0.4. DI0CU08IOM

0.4.1. Validity of raaulta

With all tha axparlaanta daacrlbad In thla ehaptar« tha valuaa 

obtalnad for oalla In duplicata walla wara raaaonably cloaa. Thla la 

a vary Important ohaarvatlon« bacauaa It Indlcataa that whan 

Idantlcal axparlmanta oarriad out on oalla froa dlffarant donerà giva 

dlffarant raaulta« tha variation la a trua denor-dapandant variation 

In call bahavlour and la not dua to Inadaquaclaa in tha axparlaantal 

taohnlquaa.



9»4i2. Hed>t of uptak«

Nlth both ilsM of b««d, th« elMrane* vtluoa pro^roiolvaly ineroMOd 

in a llnoar fuhlon, er«r « roatonably Ion? tinfporied. This typ* 

of elMranca la indleatlTt of tha aubatrata balng In^aatad by tha 

ealla and not Mraly bound to tha call aurfaoa« alnea blndlnq ia 

thought to ba a rapidly aaturahla proeaaa. If «a had baan aaaaurlng 

randoa binding tha raaulta would hava baan vary aeattarad* Wa wara 

tharafora oonfldant that wa wara aaaaurlng ganulna andeeytle iq>taka.

Plneeytoala and phagooytoala ara not aaally dlatlngulahad. Moat 

Inhibitor! hava alallar affaeta on both proeaaaaa« Howavarf aa 

Mntlonad aarllar (Saetlon B.t.)« oolchlelna la known to Inhibit 

graatly tha plneeytle captura of aubatrataa by rat parltonaal 

aaerophagaa» but not phagocytic captura, lharafora wa uaad 

celehlelna to alueldata whathar tha baada wara capturad by 

plnoeytoala or phagocytoala. In tha pravloua Chaptar(7jt In which 

colehlelna had baan addad to tha calla along with tha aubatrata or 20 

alnutaa prior to aubatrata addition, tha axtant of Inhibition waa not 

vary aarkad. niarafera In thaaa lattar ai^rlaanta a larga 

pralncubation parled waa favourad. It waa found that oelehlclna 

eauaad a raductlon In tha Bndoeytle Indicaa of tha aaall baada dOOna 

diaaatar), but not tha larga (llOOna dlaaatar), Indicating that tha 

feraar wara capturad plnocytleally and tha lattar by phagocytoaia.

In addition, owing to tha ralatlvaly high Bndoeytlc Indloaa f w  tha 

aaall baada (02-09<^l^ig pretaii^our) whan coaparad to our pravloua 

uptaka data for ^^^1 '«labaltad polyvlnylpyrrelidena alona 

(0.04T-0.242 ̂ 1 ^  protali\A)eur) It waa thou^t that thaaa war# antarlng 

calla by an adaorptlva prooaaa. Thaaa finding# ara eonalatant with 

thoaa raportad by Prattan and Lloyd (19i€) for uptaka of polyatyrana



bMdi by rat parltonaal Mcrc^hagaa.

Intaraatingly, we found that the inhibitory effect of oolchicine wai 

soMwhat greater with the younger oella (amocytea) than the older 

(aacrophagea), i.e. S2-60 percent v* 30*39 percent inhibition.

8.4.3. Ratea of endocytoaia.

With the older oella (i.e. Day*4 and 7), eonaiderable 

donor-dependent variation in the Cndocytic Indicea waa aeen with both 

aiaea of bead. Since thia phanoaenon did not occur with Day*1 cella, 

it auat reflect innate differencea in ability to nature or in 

reaponae to culture ̂  vitro. Owing to theae often extenaive 

variationa found with the older oallat eoapariaona with the reaulta 

of other workera. aueh aa thoae reported by fatten a Lloyd (1986) 

for rat peritoneal aacrophagea. ia only poaaible for the data for 

Day-1 cella. The rate of pinocytoaia for the aatall beada waa 

approximately 2-10 tinea greater for our nmocytea than for rat 

peritoneal macrophagea. but the phagocytic intake of the large baada 

waa lower by approxinately a half. Our reaulta further differed fron 

thoae of Pratten a Lloyd (1986)i who reported that the larger beada 

were cleared alanat 10-tiawa more rapidly than the aMller, whereaa 

we obaerved that the aaaller heada were cleared more quickly (2-3 

tinea) by Day-1 eella.

Our experimental approach waa very ainilar to that of Pratten a Lloyd 

(1986), the only major difference being that we uaed S tinea the 

ooneentration of beada. However, changing the aubatrate 

concentration would not have affected the Endocytic Indicea, unleaa 

binding altea were becoming aaturated. We oonaider it more probable



th«t th* diff«rtne«* art du* to th* diff«r«nc*a In •pad«» and 

eall'typaa*

6.4.4. Cultura/aaturatlon-dapandant ehanqaa«

It waa poaalbla, with aoM of tha ai^rlaanta (In which oalla of 

diffarant aqaa wra takan fren ona donation)« to eoapara 

■aturation/ealtura-dapandant chan^aa in andocytoaia. Tha phagocytic 

captura of tha larga baada waa aaan to Incraaaa batwaan tha fourth 

and aavanth daya of cultural only a aaall incraaaa waa notad with ona 

donor, but a larga (up to 4fold) incraaaa with tha aaoond. Obvioualy 

it ia difficult to draw ooncluaiona froa raaulta obtained froa only 2 

donora, aapacially in wlaw of tha donor-dapandant variationa obaarvad 

with thaaa axpariaanta. Nad tiaa allowed it would hava baan 

intaraating to taka thia aapact of tha work further, in light of tha 

praaant uneartainty over whathar or not non^apaeific phagoeytoaia 

incraaaaa with the tranaforaatlon of aonocytaa into aacrophagaa (aaa 

Section I.2.T.6.). Nowawar, our raaulta do aaa« to agraa with tha 

ganarally hald baliaf that, with aAarant eulturaa, thara ia an 

incraaaa in non-apaeific ^agocytoaia. With pinooytoaia (i.a. 

eaptura of aaall baada), no clear pattern waa obaarvad. Ceapariaon 

batwaan aenocytaa (Dayl ealla) and Mcrophagaa (Day*7 ealla) 

obtainad trom tha aaaM donatlona, ravaalad no diffaranea in pinoeytie 

activity for two of tha donora, yet with tha third, tha tMcrophagaa 

captured tha baada at twiea tha rater where Day-4 and Day-7 oalla 

ware oonparad (fro« two further donora), tha pinooytic activity waa 

greater (2 to 9 fold) for tha older oalla. Thua in ao«a but net all 

eaaaa an ineraaaa ia obaarvad in adaorptiva pinoeytie aetivity during 

tiaa in eultura. Sinea doner-dapandant variation in uptake waa alao 

ebaarvad in our earlier work (Chaptar 4), wo ware confidant that thia







9.1. DISCUSSION

Sn li^rtant p*r«aox eoncxrnlns th« nator« of pinoeytosia 

pr«««nt«d in th« Introduction (Section 1.1.2.9.)i pinocytoais ia 

baliavad to ba a conatitutWa oroc««« (with no apparant triggar), and 

yat it can ba inhibitad by warioua »odifiar«. Thia «nigaa proaipta 

tha quaation of tha natura of tha intraeallular avanta that Maintain 

tha "conatitutiva” MCMbrana intamalixation eharaotariatie of 

pinocytoaia. In an attaapt to anawar thia quaation, wa «ought to uaa 

tha approach of atudying ealla in which pinoeytoaia "atarta up*, and 

invaatigating «want« aorrounding thia onaat pariod (Saction 1.1.4.). 

Only ona call^typa m a  known in which a draaatie incraaaa in 

pinocytoaia had boon raportadt tha hunan aonoeyta during ita 

diffarantiation into tha nacrophaga (Knight 4 Boutar, 1982).

In ordar to uaa thia nodal it waa firat nacaaaary to oonfim that 

pinocytoaia waa indaad greatly acealaratad in nacrophaga«, aa 

coagNirad to tha nenoeytaa fron which thay davalopad. Thia in turn 

required tha aatabliahnant of a reliabla nathod for iaolating a pura 

population of nonocytaa and an ^  witro culture ayatan in which the«« 

ealla eoneietantly naturad into nacrophaga«.

After aaaaaaing a nunbar of call-iaolation nathoda wa choaa (for 

raaaona given in Chapter 3) tha danaitygradiant natarial Pareoll for 

obtaining nonocytaa fren hunan blood. Wa naintainad theaa oalla in 

adherent culture in Linbro walla and oonfimad that the nonoeytea 

tranafomad into nacrophagaa in thia culture ayatan. The ealla, in 

addition to adopting the typical nacrophaga-lika appaaranea within a 

weak of tha onaat of the eultura, ware ahown to diaplay a nunbar of 

oharaotariatiea of naturing ealla. Thaaa included ineraaaaa in



c«ll-prot«ln, prot«in-‘to-DMA ratio, Intraeallular haxoaaBlnldasa 

activity and haxoaaalndaae aacratlon (in rasponaa to opaonlaad 

cyaoaan), tha davalopaant of aodlua fluorlda-raalatant aataraaa 

activity and tha loaa of paroxldaaa activity (aaa Chapter S).

To Maaura tha plnocytle activity of calla, calla at varloua atagaa
12Sof BMturatlon vara Incubatad with varloua I-laballad 

■acroBolaculaai polyvinylpyrrolidone (In tha praaanca of auraaln), 

vlnylaalna-vlnylpyrrolldona ec^lyawr, and polyatyrana baada (lOOna 

dlaaatar). Me found no conalatant or drautlc Incraaaa In tha 

plnocytlc activity of aonocytaa aa they aaturad Into aacrophagaa (aaa 

Chaptaad and 8). Na are tharafora unable to confini tha report by 

Knight 8 Soutar (1962), vho Indicated a five-fold Incraaaa In 

plnocytoala batwaan tha aacond and fifth day of culture. Xt la fair 

to point out that thla particular axparlaant by Knight s Soutar 

(1982) waa only a alnor part of a aajor atudy on llpoprotaln 

aMtabollsBt aa dlacuaaad pravloualy (Chapter 6), vary few )clnatlcs 

data ware praaantad. Na attaaiptad In our atudiaa to obtain aora 

rlgoroua )clnatlcsdatai tha uptake of aubatrata waa axaalnad at 

aavaral tlaa-pointa, and In addition aora rapaata ware parforaad. 

Additional axparlaanta. In which wa Incubatad calla with tha largar 

(llOOna dlaaatar) polyatyrana baada, auggaatad that there waa aoa« 

Incraaaa (i^ to 4 fold) In tha phagocytic ability of calla aa they 

aaturad, an obaarvatlon oonalatant with pravloua raporta (aaa Chapter 

8).

Tha failure to detect a drasatlc Incraaaa In tha pinocytlc activity 

of Maturing calls waa disappointing, aa it Meant that wa ware no 

longer able to oonaidar using tha developing Monocyte as a Model 

systaai for studying avants surrounding tha onset of plnocytosls. It



It thtrtfort elttr th«t • dlfftrtnt tpproteh would bt nttdtd to 
•ntwtr th* undtrlying qutttien of th« ctllultr trlggtr for 

pinocytotlt. Ont tuch tpprotch th«t htt tlr*«dy bton dttcrlbod in 

dtttil it th«t uttd'by Kotnig (tt* Stetion 1.t.4>). In britf» 

vtriottt intrtctllultr changtt in rat kidnty corttx tliett wtrt 

ttuditd, during tht ttiaulation of pinocytoait (of horttradith 

ptroxidatt) by varioua agtnta. Thit work indicattd that a ritt in 

intractllular ealeiu* iont triggtrtd th« rapid incr«a«« in 

pinocytoaia. Although varioua eritieiaaa w«r« nad« ooncarning thia 

work (««• 9«etion 1.1.4.), I contidar that th« approach h« u««d hat 

gr«at potontial. fiailar prineiplaa could ««aily b« appliad to «tody 

tha involvfant of varioua aaeondaf7  aaaaangara in pinocytoaia. but 

uaing a aora auitabla eall^typa (not alieaa of tiaaua) and a 

pinooytic aarkar that would not ba dagradad in tha lytoaoaaa.

Although wa war« not abla to uaa tha davaloping aonoeyta aa a aodal 

eall-ayataa for atudying avanta aurrounding tha onaat of pinoeytoaia, 

thia atudy waa navarthalaaa valuabla. Wa wart abla to aatabliah a 

raliabla oall^iaolation aathod for daaling with ralativaly largo 

vel«M« of blood. Wa alto daaonatratad (by a ntaibar of eritaria) 

that aonocytaa davalopad into aacrophagaa in tha cell>«yat«a 

aaployad. Purtharaora wa davalopad a aathod for aaaauring tha 

pinoeytic activity of thaaa call«, a aathod that will ba valuabla for 

futura atudiaa ralating to andocytoaia.

In tha couraa of thia atudy ««varai problaaa bacano apparant, which 

directly ralatad to tha uaa of huaan calla for tha invaatigation. In 

tha firat inatanea, it ia often difficult to find a auffieiant nunbar 

of donor« willing to donata the ralativaly large volunaa of blood 

raquirad (largo voltaaa being nacaaaary owing to the anali nunbar of



178

■onocytet in blood). K aoro ••riouo probità it tht iaprtctictbility 

of obtaining aubtaqutnt donationt froa tht taat donorf thlt waa 

fruatrating aa it atant that txptriatnta could not taaily bt rtptatad 

uaing tht aaat donòra' calla, dtairablt btcauat of intar-donor 

variation (aat balow). In addition, tinca wa wara daaling with 

liaitad call nuabara (daapita coilacting ralativaly larga voliBiaa of 

blood), it waa oftan not poaalbla to parfora what aight ba conaidarad 

an idaal axpariaant, for axaapla with a good nuabar of incubation 

parioda and anough d\q>licataa and controla.

A aajor probità with thaaa calla waa that, bacauaa thay wara not vary 

attiva plnocytically, tha eall->aaaociatad radioactivity valuta 

obtainad wara aoaatiaaa littla highar than tha aaount of 

radioactivity adaorbing to tha walla thaatalvaa. Thia waa 

particularly avidant whan calla wara incubatad with ^^^l-laballad 

polyvinylpyrrolidena alona, and in tha aarliar axpariaanta (Chaptar 

4) whara fawar calla wara aaadad into tha walla. In addition, aa 

daacrlbad in Chaptar 1, tha bahavlour of nonocyta/aaeri^hagaa ia 

aaaily aodifiad by only alight changaa in thalr cultura anvironaant, 

for axaapla changing tha batch of aarua aaployad.

A furthar probità waa tha high dagraa of variation aaan batwaan 

raaulta froa calla iaolatad froa dlffarant donora. Thia intar-donor 

variation aakaa it iapoaaibla to datact diffarancaa in tha plnocytlc 

activity of calla, unlaaa aithar tha diffarancaa art larga or tha 

calla baing atudlad art iaolatad fron tha aasa donor. Ivan if calla 

fro* tha aaaa donor art uaad, thay would prafarably naad to ba 

laolatad at tha aaaa tiaa, '’.o avoid poaaibla variation ralating to 

tha atata of haalth of tha donor.



Th«r« urn « nuabar of poaalbl« raatont for intor-donor variation.

Tba diffartneoa aay alaply bo doa to innata ganatlc variation. 8o m  

donora u y  hava hlghar proportions of proaonoeytaa (aonocyta 

pracuraor ealls) in thair blood, calls that would ba iaolatad along 

with tha aonocytaa but could hava diffarant functional/blochaaical 

prt^rtias frca tha aonocytaa. A «Ida variaty of cnaann inflaaaatory 

conditions ara known to incraasa tha mad>ar of proaonocytas in tha 

blood (saa Saotion 1.2.3.). In addition, tha calls aay havs diffaring 

aaturation ratasi again a nuabar of factors ara known to affact tha 

aaturation rata of aonoeyta/aaer^hagas (saa Saetion 1.2.3.). Sines 

tha call-isolation procadura is known to ba ralatad to tha dansity of 

tha blood baing saparatad, a furthar eonsidaration is tha initial 

dansity of tha donor's blood (blood dansitias ara known to vary 

batwaan individuals). So whara call yialds ara not 100 parcant, it 

BMy ba that diffarant subpopulations of ealls ara salactsd for (high 

dansity or low dansity fractions). It is known that tha various 

•onocyta aubpopulations can aichibit diffarant propartias (saa Saetion

1.2.4.).

This investigation highlights tha innata dasirability and tha innata 

difficulties of studies on husuui aatarial. On ths ons hand it is 

prafsrabla to use hustan saaplss, rather than aniaal, since in aost 

invaatlgationa tha ultimata goal is to gain knowledge relating to mat. 

(it is not possible to extrapolate results confidently froa one 

spaeias to another). On tha other hand, using human material, tha 

high degree of genetic variation found in asn often leads to 

considarabla intsr-subjact variation in physiological and eallular 

paraaatara. A eonsaguanoa of this is that enly gross diffaranoas can 

ba dataotad. In spite of tha large intar-donor variations, 1 am 

ewifidant howsvar that, as husMn aonocytaa mature in vitro, there is
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