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SUMMART

L¡rnp}rocytcsvgreeeparated.frornbumanvenouãblood

by cotton vool filtratlon. l4c-l"rroine uas used to ues¡urs

protel.ncyntlrcllsbytbece].].¡lrrplaama-freesupplernented

Ea€;lors nedlun prepared rlt¡out 12c-L",rcl-ne. S¡ratheals of

proteia contl,nued for 12 lrourc in thÍs uedJ.um¡ rhl1e lyntheeLa

contLr¡r¡cd for 24 h,oura lf tlrLc aedlum was euppl-emented wl'tb

25# autologous Pl.alma.

3¡t-O"l¿tne uas used to ueaaure Rl{A syntlreaLs by llmpho-

cyter. L¡nrphoeytes aya,tlreclsed Rl{a for as long as lr8 hours

Ln plasm a-free çedluu. 3lt-Tlt¡-tdLne ïas uaed to usasure Dli¡À

s¡mthoala. ungtimulatod l¡mphocytes dld not Lncoqporate

thls precurror durlnci incubetlon Ln plaana-mediuu for 72

hours a

PHA stiuuLated both Rt{a arrd prote{n e¡ratheolc by l¡mpho-

cytes. PHA-gtlnulated l¡npbocytec began to lncorporate

3ff-t*.f-fdlno after iacubatton wlth ühfs substance fì¡r 24 hourr'

L¡¡rrp¡ocyte culturec incubated vitb 3H-le.r"ine and exaulned

by autoradLograpby of thc drLed cell amears choued that PHA

both increascd tl¡e auouat of protcln cyntlresLsed by unatluu-

lated ceLlc srd lncresaed the proportlon of ceLl¡ nalslng

protein'



ProteLn aynthesla Tas blocked by puromyein at a cotl-

eentratlon of \o ¡tg/nL ln tbe medLum. ActJ-nouycitl D inhlbitod

uost of the pnoteLn ayathcaLg at concentratLoas of 2 ltg/vL in

the medlum, but a small amount of ayntJresie contlnued for 6

hours. Actlnornycin D lnhlbLtcd RNA s¡mthecLc. It vac

suggested that tlre proteLn synthecLs not inbibited by

actinouycin D ras dependent on the presçnce of a long-Ilved

uRlì[A in llmplrocytec. ActLnouycLn D lqhl.bd-ted the Lnl"t{a].

stluuLatlon and the establlúed reoponge of l¡mphocyte

protel-rr aYnüeerl's to PHA.

Llnnphocyto culture fluldg u6tîo analyced by iuuuno-

electrophoresLs and autoradl-ography. Culture fLuids froa

I¡mplrocytea lncubatcd with l4C-lt.r"Lne labelled IgAr IgM arrd

IgG and a nuuber of arcg Ln. the c *d þ g1obuLf.n regLons of

IEP pattêrns. A dl.ffucc distrlbutLon of l-abelled materl-aL

was al-rrayr precent around the orLgd-n and touarde tlre anode

of IEP patt3rrra. ÐvLdence uas prcsented for ttre speclficity

of luuunoglobuLln elmtlresLe but the regul-ts cast doubt on

the rpectflcl"ty of thc labcLll,ng of the ot'trer protelna'

EVld.ence va¡ also presented that lyrapbocytel frou a patLeat

¡¡ith llashlmotots diaeaee mado antfbody to hurnan thyroglobulin.

Lal¡eLLed LuuunoglobuLlns se¡lo the o3ly nerly-syntheglcod



pfotelnc deteeted Ln the ceLl cupcrnatantg of unstlnulated

cu]-tures l.ncubated for 24 tror.¡rs. Other labelled protelnr

uere released aftef freezlng and tÌ¡awing tbe cells.

PfiA dl-d not gt1nulate ttre productlon of any ne!, ptloteina

by l:rupþocytes ln cufficlent guarrtltles for detectLon by

the nethods used here. ltre protelns s¡nrtbeslsed by tbe cells

Ln ttre pr€aorree of actLnomycln D ïore tbe saue ss those madc

by untroated culture¡. PHA. ctiuulated tbe production of fgG

less than lt gtluaulatcd tbe pnoduetlon of th,e total proteint

wþen lncludad !n tho mediuu of l¡mplroc'¡rtcs for 2l¡ h.ogrr.

Ma¡ry drugc¡ vhLch hd, antt-Laflamuatory and l.muuno-

rupprerrive actlvity ln g!I9, inhlblted Ll¡npl¡ocyto protein

cynttrcait ¿¡t Iå!¡g. îbo aotivity of analoguea aad uatabolitcs

ln J-¡rnpbocyte culturc' tutpcnsLoal paralleled t'Irclr aetlvlty

1n g¡ü.g..

three lB vlvo süudlcs auggerrted that tbe drrrgr azaùhl"o-

prlae and eortlsone lnbLbited l¡rnphocyte prote1n l¡nrtbeala.

Adronocortlcotrophlc horøonc !¡¡ g¿gg, otron6ly lnhl.blted l¡mpho-

cytc protGl-tr c¡mtJreefrr probably vla ctl.muJ.ation of cortlco-

steroid secretion.

îÌrc dmga azathLoprino, 6-uercaptopurLne and cortLsons

dl"ffered in thclr effectg 6¡ HeLa, Hep! 
"¡¡¿ 

Ll,mck2 cel-I.a frou



tlrelr effect on pcrlplrcral lyupbocytÊ¡' the effoctr of

aclecùcd drtr6r on lyrnplroíd col1¡ frorn l:rupb and tlr¡mua

glanda r.rG sl.uilar to tbslr cffcct oa pez{'plreraL lyupbocytcs'

tlryuueccl'I.¡eulturcdu¡dgrcondltl.onc¡lnllartotl¡gr¡

u¡cd rttb pcrlphæal lyuplrocyter dfd uot salce IgA or IgM'

IgGly:ntbc¡lrrard'oooan¡tratedU1üloneproparatl.o¡ofcoll¡.

PIIA ¡tlnulatcd th¡ruocyter to nrke Lmunoglotn¡ltuc ' L¡ruph

nodc col1r ¿¡ g¡f,lfg' nadc l'muunoglobullnc ud a reage of

proùel.nsaluilartotl¡o¡cuadcbypcrl.pherall¡nplrocytGl.

rlrs d"ata ¡rercatcd ia tblr th¡¡ls lupport thc by¡rotbc¡l'¡

thtt tnbtbttion of l¡rnpbocytc protcin l¡mtlrerLa ney bc one of

thouoch¡rl¡ulbyrlrl.drdnrgrrlthgrt{-t¡f]-an¡¡atoryand

lwuaonrpprorllvo rctlvlty prodr¡cl t'hcir cffoet I'n tlrc Þody'
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C¡IAPTER 1

LITERATT'RE REYIET

-

1.1. Jn¡¡g¡ttlgütc¡

It ceeu¡ ll.kcly tbåt lyaphocytcc are lnvolvcd in aLJ.

Lmunologl,cal pboaouena. L¡rnphold cells hnve bogn f.uplLcated

J,n tbe prLmary aad soeondarry rospons€a to antf.genr in houo-

grafù reJcctlon and La autoLwunJ.ty vhcre antLbodLcs are

dLrectcd agalaat lroet tl¡¡suc. Ccl.I.t¡ of tl¡o l¡mplrocyto

aer{en accuuulate¡ posrfbly aa ¡ rc¿ult of naoplaetLc

protiferaùfoa, Ln a mrmber of d.i.seas€8¡ l.ncl.udlng ch.ronlc

lyzphatLc 1cukaeuLa, 1¡rnpboaa¡rcosa and UaLderrstrünr r uaÇro-

gl.obu1Ln^aelnl.a. L¡mphocytc nigratlon Lnto th'e ti¡¡uca l'n

asutc fnflarm¡tloa l'c part of a ro11 o¡.rdered râspoa'lc. In

clrro¡ric inflauatLonr tbay arc found 1n large nu¡rbert at

the afte of tbe LesLoas.

ÍlhLs ths¡l.s l'a cûncGrnâd rl.tlr a aùudy of lu¡naa

l¡mpàocytc ncùabol"isr¡. Ibc¡c ccl1¡ carr be catl'ly obtal.asd

Ln cuffLcLeat nr¡¡nborr froa blood, frec of otl¡er leukocytca.

L¡nrphocytec caa bc cultured l'n dcfLaod nodír¡s for ¡hort

perLoda and tlu¡¡ preeent a rourcs of rror¡>bologl,eally

b,omogeneous buuan ce1la for atudy.

\-



2.

îh,e producte of l¡mphoeyto¡ ero tnportant for th,c

expreæiou of tbsi.r fi¡actlon in lmunol.ogieal- pttcnoterila.

ître lLteraturc portâ1nLu6 to tlrc uctabolis¡¡ of l¡mphoclrtot

slt]. be revLercd Ln thi¡ chapter¡ rttb apecLal. reforeneo to

proteln r¡mthcaíc. Ïa subcequent cheptere of tlrfe the¡1¡

studloa of protoLa snd nt¡clclc aeld r¡rntheecc ln l¡mphocyter

have besn, re¡rortcd. Ïu, tho¡o ¡tr¡dLer radfoactfve precurrorr

have beerr u¡cd to fot.lor thc ryntlrcelc of theao produete by

l¡nnphocytor eultursd ln t1!¡9.

fuuno¡upproæfvc and a¡tl-Ínflamatorlr drugu yaIf

rLdely l"¡ tlrcLr rt¡rrctur¡ and astl.oa oB ccl"L uotabo1lrs.

Sooç are knoyrr to lnterforc rltb droryribonualeic ead

rfbonuclcf.e acl'd l¡raûtroaLrr rhflc othor¡ uaeouplc oxldatÍve

plrorpborylatl.o¡¡. lhc urehanLrmc by vbtclr tbege dnrgs effcet

t}¡el.r lwrmo¡upprc¡¡l.vs aad antl-l,aflanuatozlr actlvity Ln

tho body ers aot ftrlly underctood. the l.i.terature rohtl.ng

to the effoet of a mrtnbcr of thc¡e drtrga oa l¡mphscytc

metaboll.s¡n rl-ll bo rsr¡l,orod. lbc frypotl¡øaLc tbat tbalr

dnrgc oxcrt tbcLr lnflucncc¡ at leaet Lr ¡rartr by tbclr

effcct on l¡mplrocytc proteLu ayatherLs hÂ¡ been lrrvcatLgutcd

Ln th¡l ehaptorr üo follor.



3.

L . 2. Lrmpbocwte . I\¡notlon

1.2.1. llor"ohpl.oæ-d.1ctrth¡tl.on and clrculFtJ.on

L¡rnphocytea exanincd ln stalnod¡ aLr-drlcd ¡no¡r¡ are

onall, round ccLlt rith a large ¡rucleus and l,Lütle cytoplaeu.

lha urclcuc |a dcase rlth s coarac lu¡lpy Bo¡¡-¡.atlcular

¡tlrreturcr lbc cÊl1t ranto l.n cizc frm I ùo 2O ¡l sud

ar€ artitrarlly Srsdcrd Lnto ¡¡nall¡ uedirn anó largc (ìtlseuan,

19jl ). Lyupold tl¡ruc 1n uanr rcprste¡ût¡ about 1É of tbe

total body rcLgbt (Braun¡teluor arrd Zuckðr - fuankll¡ , Lg62).

L¡mplrocytoa aro actlvely rlrotl.lo (Lcvls, 1931 i L933) and arc

readlly ldcntf.fL¡ble f.n tiraue¡ blood and 1¡mpþ by thelr

cbaractcr{¡tlc biphaal.c Eovorsat (EUert, gl,3l., 1940).

Colleetlonr of lyuphocytcr oecur i¡1 tlr,o tb¡murr tploelt

lyr¡ph aoder ¡nd bonc Eårlro¡r¡ L5nnptr aodea ar€ sneapeulatcd

l¡nnphotd a66rcgatca¡ rupplled aud dralaêd W affercat end

cfferont l¡mpb duct¡. Non-cncaplulatcd l]mphold etgregatet

rueþ at tl¡c pbslTnrtütl toaetrle and Peyerf ¡ patcåer sf tbr

rna1l late¡tl.ner rÊcGlvc fluldr dlrectly and ars draLaod by

offereat &¡ctr, L¡mphocyto¡ al¡o aonpr{ee about ZO* to lOlf'

of tl¡c nr¡clcetrd bonc narror co1l¡ (Loutit, L963) an¿ rougbly

20 t{nor at EaEy l:¡s¡¡bocytc¡ ara pretcat lrr bons Earror al ln



4.

p€ripl¡cral blood at onc tLme (Braun¡telaer arrd Zuckcr-

Franklla, L962).

l\ro poprl¡tl-ons of pcrI.ptrcral l¡nnpbocyts¡ have becn

reportod to c¡I'ct l.u, nsn (Otterea, L954t llarnl.ltoa, LgSg).

Otte¡en (J-glt+) cetlaatcd that a uf,¡orÍty bave a tl.fetlse

of 3 dnya¡ yhLl.e the uaJorl.ty h,avo a Bsan age of IOO to

2OO days. bth"r c¡tl.uatcs of l¡mphoeyte 1l.fetLne¡ h¡vc

been reported to bo ar 1on6 ar jl¡O t 64 dayg (t{oroan,

g.û, å1. , L965) and cyon up to tO yeara (nuctton and Pike,

L964) flr EÊrtr Fl.trgrreld $g6A) rugßcate that thcrc loug-

ll,vod æal.l l.yaphocyt.r ero l'muraologleal.ly I coanLttcd,l

and that th.oy are ¡a fuqportent b¡¡Lr of Loag tc¡u Lmunity.

tho cxlrtgaco of rucb col1r I'er¡can tho need for a goartLc

basla for ¡tor¡d ¡atf,body lufon¡tl"oa vbLc,lr can bc c¡rrlcd'

adequatcly by a form of llsttcd Lnberl,tancc.

IIrc central lyupbold orterrr arc tbo¡e rh,Lcb ¡re

ülrougbt to be rcapoaaLblc for tbo uopaL dsvelopnont and

nturatloa of l.yaptroc¡Éor¡ yhLeb ul.t1¡mtel,y u1gratc to thc

¡rerLplreral. lyrnpbol.d organu. lbs ccntra1 lyuphol.d tl.¡rucr

ta blrd¡ src tbc ttryrrn; and. thc br¡r¡a of Fabricur. thc

buraa of F¡brieu¡ l.c pccuLl.rr to blrda a¡¡d ltr¡ equivalcnt



5.

lrac rot bcen found {n otlrcr h,lgber vcrtebretcrt ln tl¡egc th,e

only cêa'tral. lytphoid organ Lc ùbe tb¡mua. I;rn¡srrol.oglcal.

conpêtânee Ln tbe pcrl.ph.eral l¡nnpboid organar Lncluding ülre

l:nopb noder splôËa and l¡ruphol.d tl.¡sue 1ü, tlre gut la tbougbt

to requLre ttre preroncc of ca¡tral l¡nnpbold tl"c¡uer for

eupplyLng bott¡ cell¡ and h¡moral factors (Peteraon .tS, å1,,

Lg65).

the thyutrr la üu¡rortaa,t !-n thJ'¡ dLrcuscton not only

because l.t uay be thc cLta of ûh,c orlgLn or maturatLou of

l¡nnplrooytcr¡ br¡t eko beoause tlr¡mooytee havo been cornpared

rlth s¡all' lyupboc.¡rtc¡ froll per{.pb.eral blood and lyrph node¡

1n ctudLas of proteln c¡nrttrc;1e roported l.n tltls tbscl.¡.

Horpholo6Lcal aad cytologlcal obseryatloa¡ tug6cct tlrât

l¡rnphocytee orLgl.nstc !.4 tbdevol.opLng tlÐrur¡s of ths nouse

(Áuorùach, 1961 ). Srl.dcaca h-a betn preoented, that the ttrr¡rrnurcr

of youag adult ratr l¡rnplrocytla ar:L¡c l.tr tbe epithol.lal

tLceuo aftor erl l.¡f,ductlvc atl.nulur by tJr,e acaenclr¡mc

(Saintc*Mar{.c æd Lcbload, Lg6r+r. ãoyevor, ce]-I.r yLtb tbe

uorptrologfc¡l ab¡ractcrf¡tl.aa of raall. L:fnphocytet occur ln

tlre bon6 Fãrror (n¡rrfs ,.nd Strrkcr L957¡ Toffey I Lg6o) and

Lt h¡¡ bcen auggerted tb¡t tl¡ey uay be plurLpotcatJ'al. ¡toa

callc (CuCtortcs 3¡!. åL., Lg64). Boac Ìnarror cclla LnJectcd
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l-nto leth.ally lrradiated mice colonlzed the th)¡nus. L¡nnphold

tl.saue appeared later 1n tbe llmpb nod.ee (Fora and Mlcklern,

L963). 8y contrast thoraoic duct 1yupbocytes were not

plurlpotentlal (And.eraon and l{hLtelaw, L960).

1ìhyaaectouy ln adult ratc rcsultsd 1rr a fall Ln th,e

¡rumber of thoracic duct suall L¡mplrocytea (SchooLey and

IfuLly, 1961). *d ¡Lallar fall occurred ln guinea pl.gt

(n"trr¡æ¿t and Yoffsy, Lg56). thc develo¡ment of tba

th¡mus Ln tlre an{ual. h,a¡ boen foun'd to precede the appoar-

aÌlce of sma1l 1ynphocytes, Neonatal tlr¡nnectony l.n a

r¡umber of strÞct es has bcen ahorflr to atop the no¡r¡al. grortb

aqd ¡aaturatl'on of the eplcca æd 1¡ruph aod^es (Uttler, L96Z¡

Good, g$. å1. , L9621 Sbe¡man and Drncelrek, L963¡ lakcsrn gt tL.,

Lg62).

îb¡rnocytes havo beea shorn to be Ln cLreul.atLon rlth

other llmph tiaEuc of the body a¡d to bs abl.e to Lodge ín

ttrese tl'ssuca. Ilr tbc gulaoa pig tha th¡mua coatafng a

netrork of l.¡mphatic ve¡sslc carryl.ag tlryuocytaa to tbs

gencral cl"reulatlon (foteuf gå 3L. , Lg66). Ueiraran (tgAZ)

l¡.ac deaonatratcd by {ntrathXmLç radLoaetfve labet.ll.n,g of

thyoLc l¡za¡rhocytos¡ th,r rlgratlon of tlr¡ruocytes to pcrLpheral

lyupbotd, citac la thc rat. Radloactive thyuocytes b.ave bscn

Ldeatl,fLed ag anall l¡mphoeytcr tn tlre apleen¡ bono uarror
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and l:rüph glandr, eftêr LnJectLotil lnùo ths blood of

c)m{gcaslc 1r¡ta (EVcrett .e.t gl. r 196tT ). In nl-cer Sraftt

of a6onatal tlr¡¡uul relostod callt riblcb divlded La the

spleon and l¡mplr Dod€st boraver' tho grqfta r6rs svontually

reptaccd by hoat cslla (Earfr and, Ford, tg61q/' lll'llerr 1963).

In tbc adutt uouto or rat cell¡ f,rou the bLood (Uarrf,"

n$,61., 1g6lr), rplecg (Caf ton .Ai å1., 1964), t¡oracLc duct

(eo*ana ad, &¡1€Èt, Lg64) antl ly¡ph node (Caftoa ald Rccd¡

].966) eater thc tbYlnra.

In ¡r¡mery tbcac flnd"tn8:a æ¡rba;Lze tbe ùr¡rortaaco of

tlrc thyreus for tbe uorual dcvaLo¡xnont of tþe lyuphold

tlaaue. ths avLdencc luggOrtr rcveral rol'êt of tlryutra

fi¡actlon. tha tùyuuc Ln tJrc young uay be tlre sole progenLtor

of imu¡ologlcal.J-y conpctoat cell¡. A.Ltsrt¡atlvely¡ J't nay

be able to attraet an¡| provldo an rnvLrorment for the

naturatLon of lyupbold precurüorl bofore r accdl.ngl otbcr

tL¡cuc (Uarrlr and Fordr ¡,g6¡n M1l1err Lg63). îhtr cccoad

bypothest ¡ ¡bicür ls Þa¡ed on tha aaauuptLon th¡t tbc tb¡mur

¡3qu{roa a coa¡tant rcplcrrLah,Eç[t of ctem ce]'I¡ frou rn

c¡tcruat. tourcc (uarrr¡ tü, ¡L. , 
':96qd 

t4ctca].f and' 
l*o¡lg-

VaartaJa, L!64)t erplaLnr tho apparcütLy plurtpotcntiel

¡,aturo of bone Errror coll¡. lfutcalf (t956, 1958) t""
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demoastratcd productl,on ¿¡¡ g¿gg and L¿ vltoo by th¡rnocyter

of a hr¡moral cubrtance terued I l¡rrphoe¡rtoels stluulatlng

factor (rcr)r rhl-ch, bears al1 tlro ch¡ractcrfstLcs of, a

h,oruone. Hi¡ evidence euggcata lrorronal control of
peripheral. l¡nnplrot d t1¡suer by tbo tb¡rmuc.

ïn tbe body, large n'ubor¡ of l¡mphoc¡Écc anter thc

blood v!.a thc thoracÍc æd. riglrt l¡mphatLc ductr (roffcy

an,d courtl.cc¡ 1956). LlttLe rac lü,ovn of, the fato of

tJre¡e cel1a untfl Lt vae ¡borrr that L¡ruphoclrtes rccÍrculate

betrec¡ tlrc blood end l¡nnph,. r4¡uptroeyte reclrsulatloa bn¡

baen deuou,atratcd Ln tbo rat (Gorana, L95g¡ Goranr and

X¡¡19¡¿, f964¡ Caftuey ¡!. ¡t., L96Z¡ Dverett .eS, åL. , Lg6Ul,

ce].f (Croqrrt-tô gt åL., Lg6b), cheep (naff and M6s¡1¡, 1961r)

and, nan (Perry !û, å1. ¡ L967).

rn tbc rat, tha uain route of recl.rculatloa âppcarü

to be ul.tbl.n tlro l.¡mph aodoa *nd P6yerr s patches, rbcre lual1

Lyelpboc'¡rtor ent¡r by tranrvcreÍn8 tl¡o endotbelial c¡rtoplaru

of the port-câp1Il1ary vcmrl.cg (Cor"o" lrn¿ f¿fgüt, 196l).

L r2.2. I"auaolg¿'l,cal actlVLtr¡

tr¡e omall lyzpbocy'te bae bccn inpricatsd r.n G¡ny

ft¡¡¡cttonr rolatod to ttrc Lçunologl,cal r.Gsponre. L¡nptroeytcr

frm ths tboraaic duct (lor¡].cn . L952), Xppb and, rplcra
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(NaSartan and. Fel.drnan, Lg6L) are able to trancfer tuberculin'

by¡rerceaaltl.vity. SuaJ.I- l¡nnpbocytot are able to transfer

tranoplantatLon fumuunLty (Na¡arLan and Feldnan, L962),

autolÍÐr¡ne nephrLtlc (9"r" g.t gl. , L962) "¡ra contact

eens!'tLvlty to chcnleal¡ (NaSarl.an aad, Feldman, Lg63).

Gouane (J-g6Z) uae able to *nltlate a fatal- raetl.ng

dl.ges¡e Ln tr., hybrld rats by irrfucJ.on of tlroraclc duet

L¡mptrocyte; frorE ¡rarcntal. strain rats. II€ obsered Ln

the course of tbc l.æune reaction the transf,or:natl,on of

the¡o cel"l.s J.ato Large pyroninopblltc cel.I¡. Other

uorkerc (ttttaenenn C!. å1. , L9621 Ht.tdeuann, Lg64) obaerrred

thåt æa1l J.¡mpbocytcs fro¡ adult ul.ce u€rla capablc of

producfng tranaplaaatiorr dL¡easc and n¡ntfng rban iaJected

Lnto ncubo¡a boetr of a dLfferer¡t ctraLn, thoLr obscrrratiorrs

lod thee¡ to comcludo that raal1 l¡mpbocytsc fr6 ¡dul,t uouaê

blood roro l.muaologieal"ly reactl.ver al.though tbe naJorf,ty

of tbe cel.ls aftcr rnJeetLon lnto the boat rer€ cllsl,aat¡d

and dl'd not appear to prollferato. Tbese obcenratLonr

cuggsat that cuall l:mphocyte¡ are prLmary cellg i¿volved

Ln houograft reJoetJ.on. Thoy arc able to attack tLsrue

df.reetly or foru large cel.I.s rlúelr are probably l¡¡volvad

1rr antlbody rcepontcr to tbe bo¡t tL¡¡ue. (fbe rolc of
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th,ese J-arge cells ln antibody reaponces wflr be dlacueeed.. )

rt hac been d,emonatrated ln l¡rnphocyte-d,epløted rat¡ that

lrouografts gurvl,ved p€rraa¡¡ontJ.y rhcn the antigenlc

dlfferences betrean the donor æd rcclpLeat sgre suall

(ucGreÊor and Gorana¡ Lg64) tnctcatÍns th,e iuportarecc of

tt¡e snaLl l¡tuplrocyte lu hoet-v6¡ssg-grâft reactlong.

llre prcelse role of ü¡e suall l¡raphocyte Ln antibody

roaponsee l.a not horrl. Recent evldence euggeate thåt the

imrolveruoat of ths ce].l l.n tbe primary and geconda¡y

response díffor¡. PrimarJr rêsponr€e ln rats rfsrr reduced

by dralnage of lyuplrocyte¡ frou tbe tlroracle duct. The

reaponae waa restored by Lntråvsnouc Ínfualon of s¡mgeneLc

saall lyuphocytes from no¡ma1 ratc but not frou those mado

tolerant to tbc antlgen (MeCraepr snd. Glonang , Lg6j). Saall

l¡mpbocyter appoar to be aecaa;arlr fol thenoroal pr!.mar"¡r

rerpoüro æd havs bcon Írnp1lcatcd, ac carrlerc of i¡muno

recponre¡ rlthln the body. rlal1 and eo-yorksrc (tg6z)

hava obcerrred La tbe l:rnph nodo¡ of cbeep etinulatad, rf.tb
aatl6en, tbe transforuatioa of snsLl l¡rupbocytes to large

baaophl'llc ceLlcr yblch rGre abls to transfer the iuuune

responrc to other nod,e¡ aad betueen chiuerj-c tri.n¡.
Otber cel.l t¡rycr se,m to be aGcgaaarlr for tbc
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acid (nX¿) extracte from uacropbagsr expoced. to antl-gen¡

werÊ abl.s to lnduce antl-body productLon ln lyuph node

cultures. the rospo'rao could not be eJ.fclted by antlgen

alone (Ftachman , L)6Li Flachan and Ad,ler, Lg63). llre

l-smune rscpoaaa can be trangferred fron irnmunised to rroü,-

lrrruunised opleenr ln micc by RN!' ertracts (coh"o, t96?)¡

borever¡ tbe ¡tl.sul.uc uay not be due sol.oJ"y to Rl{A but to

an Rl{A-antL6en conpl"er (lekoaar and Rh,odes, L965¡ frledman

C$, å¿.. , L965). hagos:ftÍc ce"lls l'n l.ynpbol,d. ti.esue retaln

antigcnlc protcl.nt for l-ong pert'ode, in rh,l_ch tLue th-ey

could be complc¡ed ufttr R¡tA (C"".ry and Caup¡l¡cl.J., LgjT¡

Bartfl-cld æd Jul{arr 196&).

ru ¡r¡u¡¡aryr tlrc prorent evLd.cnce ouggeata tbat La tbe

primary rorporlserr the antl8al æters ths uacrophge¡ bccoues

couploxod rtth RlSAr or l.ucLte¡ thc fonrsatl-on of 1atracellular

Rlfá,r rrhlclr caa actlvatr ruaLL l¡ruprroe¡rtac to transform to
largc R$A rich cclla. rherc ccrr-c dr.vide rapid,ly and are

found Ln ûlre efferent J.¡mph as 1¡mphobr-ast;. rt hae beea

reportad that l¡mphoblasta arc ablc to transfcr tb.e luuune

recponce to reuots tic¡uc (¡t"ff e&. åL. , Lg6Z ) and that they

are able to dlffcrentl.ate into plaaua cellc (Btrbeck and

ts11, 1967), ro thåt ttro æ.d, rasur.t r-a efth.er cltuatlon is
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to Íncreaae ertfbody productLon.

t{hilc lSrupbocyte depletl,on r-n rate had led. to inlnÍred
prluarl¡ reaponÊôr, the accondar¡rnÞspor¡êo rraE unaffected,

(uccregor and Gorrangr Lg63). Trrrs sr.rggesta thåt secondar:r

roaponses ar3 med.lated by flxed ccllc in ttro J,yrnphold

tíseue. lÍossal. and Måkelå (tgdZ) nave prcaented gome

evidence to supporü the contsrrtion tbat the fl.xed

precuraorr of antlboð.¡ pnoduciag celle are dividlng largo

l¡rmpbocyteE. rl¡ey transferred alnost pure sua].l L¡raphocyte

euspenøions fro¡r th.e thoraeic duct of prluart-ly lmunized

rats to noroal x-i3r"diated, recl.pl-ents and. obsenred typJ.cal

secondary resporrãea Ln these aniual.s after antLgen challenge.

rt appearg thât ths roLe of tb,e emaLl r.¡rnpbocyte in tbc

eecoud.ary responae la aa a ü€notîr ce1l. 1b.e evldence th,at

emaLL l¡mphoeytes coataln æ,tibody (ettarAt C.t .åt. , Lg6U)

supports tJrLe.

cor.lectLong of llmphocytes¡ es¡recLally srrall l¡mpbocytes¡

are a cbaractsrl,stíc featuro of Long etanding inflanuator:r

inflltrates. smal-l l¡iuphocyteg are conata¡rtly seen at the

priphery of tuberculous and granul-onatous leslons (spoctor

and $lllouglrby, L963). L¡ruphocyte {urnlgratlon is a part of

tl¡e acute Ínflaumator¡r rcrporra€. rn rabbLts actl.ve måc?o-

Phaêies rêre first tee¡r at the slte of subcuta¡reous lnJectlons
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of egg aLbunín. NeutropbJ-J-e began to mlgrate ínto the

area after tno hours. At four hours, J.¡ruophocytec began to

appear and were prerent l"a greatêãt rrumbers after al,ght

bours. Mononuclear cell¡ replaced l¡rmph.ocytec and became

pedoml-nant after treLve hours (P"S" and. Good, 1958; KoLouctrr

L9391. A sLuilar cycJ-e of evente bas been obeer"ved in

m€rn (Reluct< and Crorl"y, Lg55).

lhe time lapce before l¡mphocyte uLgratLon in.acute

LnfJ.au¡r¡ation euggeata that substances produeed. at tbe

l.nfJ.aumatory sl.te Lnduce the I¡ruphocyte resporrse to

inflammation. Both actlnomycin D and puromycln wore effective

Ln bJ-ocking the lymph.ocyte reqponce (Prg., 196¿+). Horceverr

actl.aomycin D glven one hour after tbe J-nitl.atlon of

lnfl-ammatLon wag lneffectlve. Î¡rts er.ggests tlrat proteLn

a¡rntJreeLs by tlre l¡ruphocyte Ls a neeosaarrr prerequltlte for

nf.gratLon and that thic cynttrresla appearß to occur ver1r

early 1n the fnflauuaùory rc8pons6. the stlmulue for thrs

onset of protein c¡rnthesls bag been attritn¡ted to tlre neutro-

phtl (nase, Lg6L).

L.J. Prote{n Êrryrthe.sts

1.3.1. Bf.o¡rnrthc¡Lg Ln uarmna1Lan tLgaue

It is the purpose of thfs auunarl¡ to outline sorne of ttre
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theorf.e¡ of proteLa synt¡rosls ln uamual-Lan ce1lsr âü aupported

by recen,t ertr¡erLmcnta1 ftnd,l.rrgr, before proceedlng to a

éL¡cueslon of protein c¡rntbesl.a ln J.¡ruphocyteo and the

effeetc of varloue ÊgÊrñtc on l¡¡uphocyte protel,n c¡nrthe¡l.rt

{g vLvo an'd ¿& g!!¡fL. Íhe formatf.on of proteln rlth{n a

¡¡annmaLian cel1 lnvolvea the Joinln6 togothcr of tucnty or

tnore aurlno acLdl by c-peptlde LLakagea Lu,to a:r enoruous

variety of genetl.cally deterrmLnod sequencea. The nucl_elc

acLde are lntluately {nvol.ved Ln tbls prnoccss. the rolec

of deoxyrLbo¡¡ucLcLc ael.d (Om) and R!{A ¡d.Ll be d.iacusted.

L.J.1.1. An¡ino acLd. activqtLon

TÌre inLtíal. step is concerned rÍth. the aêtlvatlon of

the a¡¡ino acid to form an €nz)rue bound annlno acyl adenylate.

the act{vation reactioa become¡ the flret step in whicb tbe

2o unít language (a¡¡lno aclds ) "f protein e¡rnthesJ.s l.c trang-

Lated into tbe four uait language (ad.enine¡ uracfJ. or

thlmine, guanlne and cytosine) of nue.leic aclde. It is nor

generaLLy acceptod th¿t bacterl,al and namslisn cel1s posscst

aurino acfd activatl¡lrg êaã]mec for each of ttre couaon anino

aclds. Î¡e apecifLty of the amfno acid activating enzlmes lg

HêÞ, but J.a not eb¡olute. Horeverr control mechanL¡uc have

been etrovn to exlgt vÌ¡Lch. redt¡ce the posrl.btl.fty of egorg to

au extreuely l-orr fraquoncy (Batarin and Be¡g, L966i Novetlir
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L967). The evl-dence for the €xigtence of a sLngle åEino

acLd actLvatd.r¡g enzr]¡ue for each ani¡ro acLd Lg strong aad Lt

doea not appear ttrat ¡everal typcs of enz¡rmes, rblch actLvate

one amino acid, exl.d (Norellf , Lg6Z).

lfro uech.anfam of actlvatr.on inr¡o]-veg the earboxyr group

of tlre amino acldr rtrLclr is actlvatcd by adenoslne tri-

phorphate rÍtb the oLf-ulnatLon of pyrophosph^ate (Hoaglana

g¡[ a]"., L956¡ Bergr Lg6L). lhe same enz:nne responsLble for

the aetLvatLon of ttre auino acl,d transferg tbe anrlno acLd

to transfer ribonuclele acld (t-nN* ¡. In doLng ttris ttre

ertz:nûe muct recogn{se not only ite amino acid but aleo ttre

amlno acfd r s ¿-RNA (Berg, Lg6L') .

L.J.L.2. Transfer of the amino acl d to the temrnl a ta

After actfiratl.on of the auino acl.d and tlre forrnation of
the amino acyL RNA couplex¡ tþe amino acid is transferred to

ttre template. Tra¡xsfer Rl{A ftrLfllLs t}re roLe of an adaptor

uoLecule carrying the amlno acid to the template (crtclc, 195g)

and 1n so dolng l-t must posseas lome recognitl_on devLee

(CnapevLl-Le¡ gÍ. gl., L962¡ tfeigbtum, 9t êt., Lg6Z). Þach

transfer R}{A has a strLct specl.fJ.clty for:iüs anríno acLd and

amJ-no acl-d actlvatl-ng enzyne (NovelLL , L967 ) ,

A nuuber of unultiple t-RlrArg for tl-e same amino acld 1n
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a gÍverr apecl.er haa been' reported. For exauple p._¡g.f;l haa

been slrowrt to have fl.ve l-euclno epccf.fLc t-RNArs (Apgar and

Ifo11oyr tg6t+¡ Keluer¡r 9!, êå. , L965), and posalbly three

cerl.ne spoclflc ¡-Rl{å.fa¡ tro tyroËln€ t-RHArsr tuo ph.cnyJ.-

al-anLne t-RNAr¡ and. tbee vaLl.nc f,-Rl{Ar¡ (e.o1¿steLn, gå êÅ..,

Lg64).

Th.e b.eterogenel,ty of amLno acid cpecffLc t-RlÍAl e hac

bcen ascrlbed to tbe degerrcracy of thê genetlc code ard l.n

souê caaea tbese uulti"ple forua of a gÍven t-Rl{å, have been

slroyn to recpond to díffercat cod.Ln6 trLpleta (Norellt , L967).

lbo acccptor sLte on th.c t-RNA uoleculc 1s thp te¡uinaL

adenosl'ne group and th.Lg w111 not ft¡nctl.on unl.ess thÊ tro

r¡ueleotLdec ad.Jacent to it ana cytoslne (Hectrt¡ gl. Aå. , L95gl

Zaucbaur .eE gl., 1958). Recent studLeg (FÌeaco, .e.ü. gl., Lg66)

have ahorn that actlve forrs of varLous t-RNArs have unl.que

brtlary sfnrctureg exhtbt tl.n6 var1rl.ng degrees of atabLlJ.ty

wLth res¡net to auLno acLd rpeciflcity. lhis flndl,rrg suggerta

thåt tbe strl.ct epoc{fLcLty of t-Rl{A, for Lts an¡Lno acLd ard

anul.ao acLd actlvatLng enz¡rme conpler may depend on a unLque

tertLarl¡ cottforoatl.on.

Dr¡rl"ng trancfer of th,e aulno acLd to the ribosoue, tbe

vhole of tbe t-R!{A noLecule enterc the rl-bosouro arrd reappeara
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urrclranged after tran¡fer of l.t¡ auLno acl.d (CnapevtJ-le,

e¿ gt. , L962i ï{e1¡blum, gs' 3å., L962t NatJrans and, Ll-¡man,

L96L; Iloagland and Comleyr 1960).

1.3.1.3. Peot4.de foruatlon.

lrsn¡fer rLbonucLeic acLd L¡ rcsponalble for tbe

tramcfer of the aalno acLd to tbe tøpl-ate. the teupJ.ate

coas{sts of aggrøgatec of rlbosoaes, rbLch are jolaed by

rrês.€nter rLbor¡uclcLc acLd (u-R!IA), terned. polyaouec

(Uara,er, .e!. Gt., tg6z), or crgpaouêr (ycttstoLn, g!.3L., tg6Z).

Polycouet are uLdcly d1¡trihrtcd 1n bacterlal arrd uaunalLan

cella and are tboughü to bc actlve fn prcteLn cyrrttrresls

altlrough Munro g! gå., (t963) cuggerted that cÍagl'e

ribosouca üa¡r be active lf ¡¡-RÌ,[A L¡ attaclred. the a¡rocl.atlon

and dLssociatlon of th.e rl,boso¡¡al aggrogatea a¡rpear to be

dependent on tlre magnesLuu ion concentratLon, the ¡iE and ionlc

streagütr of the ce1l sap (Clao, L957¡ Peterrann and. Ha¡nilton,

1961). The ribosouea are ,uade up of 60-65* RI,IA and 3 ::,-UO4

proteln. Each eontaLns dLssoclabLc unLts rougly tro-thirda

and one-thLrd by roight (Schweet and. Hslngs, Lg66).

¡1-RNA wlrlob 1¡ attacbed to tbe aggregates of riboconeg

Ls synthaal.zed ac a complluerrtary uoJ.ectrJ-e to Dl{A and J-s

tbought to carry a cpecl"fl'c eode frou DlilA. Botb gtran¡la of
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Dl{A are copl,ed. á't the curf,ace of the rlbocomea¡ u-RNA

reacts rl.th a coupl.l.racatar'¡r code orl tlre t-RltA uoJ.ecule¡

after sblch tranafor of tbe auíno acíd takes place and,

ordered ¡nptLde ayntherl'a beglnl. Th,e peptLde formatl.on

appeera to be ateprl.so frou the l{-tr6rtitrnl to the C terml"na].

of tl¡¡ chaín (xoruar, L964).

the cod.e letter¡ l.ll Rl{A are rcad Ln trlpleta or

cod'ona, eactr of ulrLclr spe cl.fler orler or sometl.ueg Eorer of -

the trenty amLno acfds tbåt foro pnotein molecules. Slx

odoae have been dernoastrated for tho aml-no aefds lcr¡cl-ne

arnd argLnin¡e. llul-tiple codons bave been dsmonstrated for

other qrnlno acidc. there lc no infomatl.on aval.].abLe to

teI]. us if the organf-am or ce].l 1a mak{¡6 use of al-l codons

at any orno tfune (NovelJ.1 , Lg6?).

Ïbe fnttlatlon of ùhe peptLde chaÍn in E. coll b.as been

found üo irrvolve a partLcular anlno acl-d, lif-fomylmetbLonlne.

It J.a nou tlrougbt that the lnltlatt.on of the pept1de chaLn

on tbe templatc rcquirec a rpeclar startlng codon rhLeh l.n

g. ggåL ca1ls for the pJ.acøuent of $-SEmylueth,ionLne at tlre

N te l.na]. of tl¡e chaln (Marcker and Sangcrr ]-g6iry|. lebrterr

g.t gL. ¡ L966i Adaus and CapecchL, L966). ltre end of tl¡e

peptJ-de ct'al.n may be uadred by a specLal terrrinaL codon

(Schuect ærd H6rt¡¡s, Lg66).
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ltrs releaae of pnoteLr1 fron tlre rLbosouaL tempLate ls

Lndependent of rC.bosoü¡,al dlgLnteßratLon. Releaae båa been

demonctrated. to bc €|torg¡r dopcndaa.tl regul-rlng preclse

conditLoraa of fonl.c crtrengttr and potaeslum ion concentrstLou

(nutttn, et g!., Lg6l; Crrabovskl. and Munror 1960)'

1. 3, 2. Blogv.:rtha,lLg Ín Þüoåocvtag

The l¡ruphocyte fa able to synttreglze a variety of

protelnô, lncJ.uding tbe f.rmunogl-obu11ns. The prelent

ewtdence Lndicatc¡ tbåt tbe mecbanisna of sprtlFaLs are alullar

to tlrose ln other manuallan cel1c. Tu' thl-a dfscussLon tlre

nature of ttrrs p!Ðteing rade by t¡mp}rocytelr tlrê ultra-

stfuctuf€ of tJre¡e col1¡ aad tJre Lr Ebility to almttrreal'ze

nucleÍc aclda trlll be rovl'ered.

1.J.2.L. NÊtrrg of tbc. orotelns çde

RåbbLt pcrfpheral- blood. lyupbocytes have been reported

to uake antibody mdfelobuJ-{n (r¡.tlttgtr and. Sorkín, Lg63¡

Iiearm.ey and ltrL}lday, Lg6fu Landy¡ Ê.t å1. , Lg64). Ih¡man

perJ,pheral blood llmplrocytec båve been. reported to make

[elobutfa (Bach snd Hlracbleom, tg63i Va¡, tr\'rrth¡ t964¡

Parentl, .eL å1., Lg66), and a r¡ngG of protelns LdenttfLabls

after fimunoclectropborc¡1s aad autoradiography (Vto F\gth,

1961). 1Ï,ç Lnte¡?retatlon of th.ego fLndJ.ngs 1g cubJect '
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to crÍtfcLsm. A d,Lscucsloa of thia aapect rriLt be fou¡d.

f.n Ghapters 4 snd 5 of tbLg thceLg.

Phytohaeuagglutln o'r¿ antigerr are able to sti¡mLate

tJre transfonnatLon of ¡uall r.¡ruphoc¡rtes {nto large and,

Eod,Lum-slzed csll¡ capable of nakJ.ng antlbod.y or I srobur.J-n

(Dlvea, g$. gl. , L963à. It vaa recenu-y shou' that antl-

gen-tcal.ly atiutrlatsd. lyuphocytca are able to trancfo¡l¡ into

ceJ.ls Ldætical rl.tlr plasm caltc (Birtect and. }Iat1 , Lg67).

Flasua cel-ls arc regardêd as thc princLpal antlbody produef.ng

ee].Ls Lrr tlre body (t{oacal¡ Lglg, Lg6Zi Mellors and, Koragold,

Lg63¡ BJy'rnebos g.û, Ê1,., LIUZ).

The gynthe¡ís of Lmunogtobuliaa lLke that of all

protel-nr {e under genetic control (corre¡a and. }filgtein, L967¡

Lobbr gÍ. åå. , L967). r¡rrunoe*obulr.n proter.na arê coupocad

of chaLna of dLfferent rnole¿r¡lar rreLglrts. L¡rmunog:lobuline

can be aeparated Lnto llght (¡,) ¡¡d^ hearry (}I) chalns by

mercaptoethanol (P¿.fr"n' end Benacerraf, 1g6l¡ Edeluan

e.È, gL., L96L¡ Edelman and Pou,[tk, L96t) and ¡l.mLlar A and B

clrains by reùrction ¡nd aeidl.ficatLon, (porter, Lg6j;

Fl-eLechlnan, .g.t .Êå. , L)6Zi Edeluanr g!. åÅ,., Lg63). tbe

uolecul,ar reighte of the B and L ctraLns are gimlf.ar and are

appnoxiuately ha1f t}¡ose of the Â and H cl¡ains (Edeluan and
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Benacemafr L)62¡ Colrenr L963), thc apl.tbesle of ttrrese tro

differau,t chelua Ís thought to occur at dl.fferent rlbocomal

groupÉ wLthln thlr csJ.I. (necter aad Ricf,r t L966i ShapLro¡

e.t aL. , Lg66) .

Antibody gilobulinr are of three ¡nal.n t¡4ne, Id{, IgA

and IgG. thsra tbrce Lnrunog:loh¡I'1ns dl.ffer J.n theLr t¡4reo

of hearry ch^af.ng but brr¡ conuon lfgbt chal.ns. the bul_k of

tlre mtil¡odles 1n rabbl-tc and l.n ¡lan Ls fo¡ued by the IgG

g.lobul-lna. th.el-r qppeara¡rce 1n the blood aera¡n l,¡

frequeatl.y þreceded. by the formatlon olf fgA and ïgM globuling

(H^urorltzr L965a). Antibody uolecu].es h.sve tro ¡ntl'gerr

.or61nl-ng aites (Porter, Lg63) an¿ these sltes are LdentLca].

(Mandy, 
"l åå. , L963).

1.3. 2.2. PFotel.p .prmtherl's l¡eghanlsqs frr lvürrhocvteg

ïlb,en suall lyaphocytea ars a¡mlrred under tbe elsctron

uicroscope tby contal.n anongst otber atnrcüures ms1l amounts

of eldoplasnic rsticulun, nuclcoll, and r:Lbosorr€sr llrese

etn¡cturee nrggert that tlrey are capable of e¡m.theal'zlng

deoxyrLbonucloLc acid (Ot{.l), rl.bonuclal-c acid (nf¡¿), and

protoln (Zucte r-f.ranlct.ln, L963). lhen ctíEulatcd by

phytoh"aeuagg.lutLnln thsre celr.c d,evelop uany rLbooouen, the

endopl-aaulc retlculr¡n foru¡ Luto ror.rgh vesLclse and cacg and
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th,e Golgi- apparatus beconcs reJ.l developed wl.tl¡ anooth

eurfaced veglcJ.e¡ and ci.ate¡nae (EJ.ves, e! åL. , Lg6rr).

Morpbologtcatly lnd.iatinguLgh"ab1a cell's are found Ln th.e

l.¡iuphoid tLseues of anl.u¡alc ôrLng host vs. graft and graft

ver ho¡t reactlon¡ (nfnet an¿ Mathe, L)6L¡ C¡oranc, e.*.3L., 1961).

lihen these cell¡ are Gxanlaod under tlre e]-eetron mlcroecope

they have an ultrast¡rrcture *ht.cb, fs a-luost ldentJ.cal. rl.tb

thåt of the plrytohaemagl.lutLnJ,n stirrul.ated lyuplrocyte ceLl.

(Btnet and, U¿tr¡g, L96L; L962t B!.net¡ e.t. gL., lgóJ.), exeapt

tbo:r do trot havs prou1-ncnt electron opaguê bod,fes (Elves,

C! gl.. , L964). lheac cells are thought to derLve fron ttre

suall L¡rruptrocyte (Porter and Cooperr Lg62).

.åntlbody pnoduelng ceJ.ls Ln ths spleenr and l¡mph. nodea¡

when examined by electron mLeroscopyr contaln large rrumbers

of rlboeoûes grouped as poJ.yso!ûes (Cunningharn, g!. g!. t L966i

Becker ¿¡¡6 Rl-ctr, Lp667 Slraplro, .$.t. 5å., L966). thcse poJ.yoouca

fall lnto tuo groupc, one eontainf"ag f-8 ribosoqe¡ and tbe

otber L6-2O rLbororeÊo lhia bl.ph^acLc d,igtrlbutlon rl-tbin

the cell åpp€arr to be llrnksd yl'tb l-ts å¡rtl-body ¡nroductLon

and has boen assoclated rl.th tho anLualrs state of luuunJ-ty

(Beelcer alld RLclr¡ L96û Shepl,ro, g! åL., Lg66). llre biplraaJ.c

ribosoøe dfctrLbution lc pecullar to tbeae aatibody producLng
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cel.t'a ared dlffera fron dLatrLbt¡tLor¡s Ln p. cglf (Kilro ana

Aiclr, tg64)¡ chick eubryo (Kret¡Lngrerr g&. åL. , Lg62) and

HeLa corl.¡ (nrcu, .Ê.û. gå. , Lg63).

Íhe synthe¡lr of the llght cbai¿s of {umunogLobulln

has bee¡o aa¡ocl.ated vl.tb tbe suall.cr pol:r¡C.boaouer and tJrc

syntJresls of tbc lrearry chlnc vl.th t'be 1argsr ¡rolyrøer
(SUaptro, 9Ê,31., L966¡ Bocker æd, Rl.ch,, Lg66). Sons

consider thåt tlra lLgbt s¡od hearry chal.nc are a¡rntho¡Lsod

se¡raraüe.l,y and aese¡nbl ed by Eoü¡G proceca (¡toA, gi .åL.,

Lg66) rhi1e othor ruggsat tlrey ars cot¡tlnuougly arøenbl.cd

durLpg eyrthocir (Beckcr æd Rlctr, Lg66).

Lymphoeytec c¡netlreoJ.ge rlbo¡oøaL and cytoplacnlc

RNA (N"r"orr t Lg65i Coopcr end Rubln¡ L96û lJlnter¡ and Yoffef lsÉ

and Dl{A (xaytroc and QuaglLno¡ L965i Rubini¡ e! åL., Lg65t

I¡¡nan and Cooperr L965). lbe eff,ect¿ of antigens aad

phytotraeuagglutl.nin oa R!{4, and Dl{A cyntheaLa ¡raralle1 thcLr

effect on prctøJ.n a¡nrtheaLa. Thi¡ 1111 be dLacu¡aed l.n tJre

foJ-I.owLng eeetlon.

The relatl.on of l:mplrocytcc to mtl.body producÍng ccllc

bae beæ. dlscucged. lhe precant evldsnce lndi.cates that,those

antfbody produclng colls are dcrivat{vss of anttgomLcal1y

ctlmrLated rnnalL L¡mphoeyterr rhl.ch en.Large to fo¡t b1a¡t
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ceL].a. It app€åra reaso¡rabLe to plropoÉ¡e thåt tbe lntra-

cellular atagot of proteln a¡mtJresLe l.n lynplroeytee and

tn a¡,tLbody-produclng cell-s cloaely rec€nb1e tlrose mechanfgus

found Ln othen nanugll.an tl.ssues. lho effects of stLmulatora

and' tqh{bltors of protcJ,n s¡mtbesls 1111 be dLacr¡aeed in

æ1atlon to tb:l¡ general. Bch,sue.

1. 4. Factora ln4luencl¡ne hmolroeyþe Fatgboll.str¡

h¡ro¡ycl.n and actlnonycf.n D, trrhibÍtora of protsín

synthecl.c ln otJrcr uannal.l,an cells, J'ntribLt L¡mphocyte protefa

s¡æthesis (van r\rrth¡ Lg64). ântLgena and. phytob.aemaggr.utLu.in

etinulate l¡mpbocyte proteLn c¡rnthcgl.s. Many drrrga exhf.bit an

antl.-inf1amnator¡r and ùanunosupprecsLve aetlvl.ty ¿¡, It¿tg..

these agents ul-ll be dlscus¡ed l'a relatfoa to lynpbocyte

metabolisu.

L.4.1. @

Aa e¡tract of the kJ.dncy bean (Pqaseol¡r¡ rn¡I.sarl.s)¡

pbytoh.aemaggJ.utlnLn (pfU) h¡s bscn knour for gome years to

be abLe to stl.nulate cnsll 1¡rnphoqytes to mltosr-e (Norell,

1960¡ BörJeson, gt s,L. r L96iql Ling and Husband., L96t+z

MacKinneyr .g$. gL. , Lg62) .

Ilhytohaeoagglutinfn is a proteín coutainLng 6É c¡rbo-

bydrate. the haeuagglutlnåting prd,nclpLe of the gubetance
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can be reuoved by erythroqfte abaorptlon Yltlxor¡t an¡r detect-

abLe loss of th,e mltotlc etiur¡lating act{vity (Bðr3econ, 9!.

å1., 196b). Horever, tbe leucoagglutinaùlng Pnoperty can¡ aot

bo removed frou itc nftogen{ c actLvity (fofo¿ny and lll"rschhorn,

Lg6I+). lbe mltotlc action of PHA h¿s recentJ-y been sholrr¡l

to be l"nbtbl,tod by a apccLflc antLceru¡n (gytA, C¿ AL., L967).

PIÍA Eülsulatea RldA (Cooper anrl Rubin, L965), Dilå

(yotfey, .et 3L. , L965) and protoLn ¡¡m{ibesls 1n l-¡mphoeytc

(Bacb and. Elrechlrorn¡ L963) and protoln s¡m.thesic ln laukocyte

cu].tures (t\¡rrrer nnd Forbce¡ ¡-966)' t{h'en PHA transfon¡ed

J-yuphocytes ata c¡amLr¡ed cytoc,hemlcally, they are found to

contaln J¡crea¡ed anouata of protelnr RIIA and glycogen coupared

vJ.tb rmctlmrl.atcd ccl.l¡ (Coueh and Elvec; Lg66).

Several gub¡tance¡ otlrar tban PEA have bee¡¡ sh.orn to

atlnulote tran¡f,o¡matLoa of pcrlpheral l¡nnpbocytes into J.arge

blaot 1lkó cell¡ capabJ.a of d{vJ.sLon. tb,e¡e l.ncludc tubercuLLn

purlfted protel,n ds¡d.vative (schret, L963t Pea¡irnaLn', .Ê.û, åL.,

Lg63), tetanrus toxoLd, typlroid-paratyphold vaccine, diphther{.a

toxoid¡ smal.l.pox vacclne, tlaeujol¡ilus partr¡sele antlgen (ELves,

g¡. å1., L963srbt lll.rschh,orra¡ .gû. ål', L963), Lankocyte antlaeruu

(Grasbeck, C¿ BL., 1963)r pollen extract (Lycette end Pearraain,

Lg63) variou¡ tl.ggue antl.geac (¡t¡rrtrsm, L963t llasb'cu and Barr¡
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Lg63) aad pokcreed (plrytotaceq gægf¿Sgpê.) extract (Farrrer,

Cü. gL. , Lg6!¡ BorJeson, 9t. å1. ¡ L966¡ Chceal'n¡ 3!, ¡L. t L966¡

Clrssgln, 91, åL., Lg67).

A rnuch Louer pcrcæt¡te (O.1f" - l+l|) of perLpheral l¡rupbo-

c¡rtee rGrG ¡tiutrlatcd to nitosL¡ by rmalLpox vaccine, PPÐ arrd

E. Cg¿¿, flltrate thanr by PHA and otaphloeoccal eulturo

fL].tratc (r-rrs end &r¡Þad, 196¡r ). Îìre atLmulur by tlre

group of antt6cnr uay bc rpcclfic for a partlcular ceL1

po¡nrlatLoa ln cnntrast yltb PtA and ataphLoccL fLltrate

rlrtch do ¡ot appoar to sxbl.bl't t'bl.e cpecl.fLcl'tyt

fh,on l¡ruphoc¡Éca arc ctiuu1ated by PHA or antLgonl

the chqgea¡ ob¡crycd ln tb trraasforroed cel,lg by l.tgþt aad

eleetron uicro¡copyr are ¡lnLlar (ntvoa and lfllkLnron¡ Lg63l

E].vca¡ !¡. åL. , L963a¡ Poers¡tn. lnd. Lycetto¡ L963). ü[ouever,

thp ucehan{c¡c Þy rbl.cl¡ ttrrcac a6cats stl¡nulate rnal.l l¡mph,o-

c¡rùee ara not knorn to ba ¡l.nller or d1¡¡Luif.ar.

It ha¡ bccn ¡hom l¡¡ PEA treatcd, ce1la tbst an l.ncroatc

La RIIA cy-nttrrcefs rat prccedcd. by an car.ly rtlnulatl.on of

phocphoryJ.at{on æd doptroaplrorylation of n¡cl.ear prrotelnc,

eoncoulüad rltb J.ncrea¡ed aetlvLt¡r ir' thâ nuclaus (trtctn¡nitù,

g! !L., 1966). In' tùudiet r¡trlorüed by Cooper and Rubia (],g66)

PHA stLuu1ated buur¡¡, t"¡npboeytca to produco RtdA" ylutclr dLd not
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becoue associåtod wlth. the rLbogornes. In contrast antLgen

stiuulated tJe€ productlon of Rli(A which became assoclated rritb.

the rlbosoureõ¡ PIIA was needed continr¡ousl-y for the stl-mulatLoa

of r¡on-ribosomal precurso¡ Rl{A otherwise th.e Rt{A g)nothesLs

reverted back to rlbosouaL pfaGüfgof r }l"ach and VassalLi

(tg6f) ¡rv" reported tbat antLgen stlmulated ann lncrsace ln

rLbosoual R!{A precursor Ln' botJ¡ J.y¡¡ph nodee æd cple€ß cells.

ToreL1ír g! gL. Ug6S) rugße¡ted that tlrLs diffcrence

betvcen antLgea and PHA-etimrlatcd l¡nnpbocytsa offers a

posslble exI)lanåtÍon of tbc actloa of PHA. Îþe pootuLate

a Baumea thåt PHA lncroacta tbe aval.Labillty ef f-RilAr rather

than that PIÍA h¡a a dl-rcet cffect E¡ ¡¡-RNA. At a cons@quarrco

tbe rlbosoual template Ln u¡r¡tluulated cclla beconc¡ fttlly

actlye. IuductLon of r¡Gs ¡-Rl{fA l-o folloued by Dl{A ayatheal.e

arrd mttosis. thLc type of EGclrsisu uol¡ld Ln part explaln

the non-apeclffcLty of PIIA atLaul.atlon.

16e mechanlsur by wbl"ch ant1gen el-lcits antlbody forsatLon

ls the aubJect of uueür controvefalr tbeorlee of antibody

s¡nrtJreel.s fall l.ato trc groupc, tbe te.upLate and tbc ¡elective.

In the flrstr the antigen iê thought to ruodif! proteln a¡nltheclc

wLt?¡tu anülbody producLn€ ccL'lsr vhLle in tåe second¡ antl.gen

aelaets those cc].I.c rhLc,b are coded for the prodrrctl'on of the
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apecLfl.c antibody (HaurowLtz, L)6Jarb).

AntJgen appears l.n the body at tbe sLfe of auLno acid

l'ncorporatlon (Haurorltg ,'ad Crapton ¡ L952i Cranpton, €,!. å1.,

L952¡ Roberte ¿nd Haurouitsr L962) ar.d can combLne v1th RNA

fractl.ona (eakonac and Rhodesl t965i Frl-edman, 9¡þ SI., Lg65).

lbe uoLecular confl.guratlon and ehange <¡f aa anùlbody l.e

coupleuentarry to tbat of tbe antLgen (Land,steLner¡ Lg45).

lhese propertiea of the antlbody deperrd on Lts amino aefd

aêquerrce, uhJ-ah dLfferg Ín antLbodl.ea to d,Lfferent haptens

(Groff ad Hauroritz¡ L964¡ &rLeht, 9.t êL., tg64¡ Go].dr 9$, gl.,

Lg64).

thls evLdence favqrrs a template role of antLgen action.

The tæplate th.eoriec requl're tho continued. preaeacc of tbe

antl-gen durlng antibody formatlon and for tl:e elLcltatlon of

the aecondary reaponËe. Holrever¡ tb.e persletence {g yl-vo of

the antLgen or antf.gea-IlNA complexcs Ls not trcnoyn. llre

geJ.ectLve theorLeg do not depend for their val-l,dlty on tbe

ontim¡ed preaencc of the antLgarrr vhlclr may act selectLvely at

a cel"1uLar or aubcellular 1evel l.n a populatLon of ce]'].g

(Bur"nett , L96t+t Jerneí Lg62i SzLlard., Lg6O) for the productl.on

of antibody producing cl.onet.
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L.t+.2. Drrree

In the work to be dcrcribed h,ere L¡nnphocyte cultures

uere uged to ttudy tJre actLvtty of a group of drrrgc rl-th

antl--lnflarnnatory and lurtrnolupprecslve propertLes. the

drrrgs Lncluded hydrocortlconer thiopuriaec¡ sal.icylate¡

pheayJ.butazons and Ltg metaboll-te oxypbenbutazone and an

anal.ogue aulphLnpyrauo¡lor cl¡loraubucLl ¡ irrdouethaclnt

ctrloroqulne and mefsnamlc acld. Several of th,ese drugs rLL1

be dlscuesed vitb rea¡rect to Llmphocyte uetabolLü! ¿g Yå!.Ég.

and $g IÍlü9.

Drugs knowa to bLock protel.n syntbesLs by uammaJ-laa

ce1.I.s al.so block antLbody s¡mttrreoLs ' ActJ.nouycLn C ras an

effectl.ve Lnhfbl.tor of antlbody aynthesLs ïhen glvlng 1 to 4

daya after arrtl"gen ¿E I6tre, (Brown, Lg64). Âctinomycl-n D

(surrey, g.û. g!. , tg64i Uhrr Lg63) aad purouycln (snitey, 3t åL.,

L964) conpletely abo1.fsbod antlbody a¡rntbeafs by epJ.een aud

l¡mph node ceJ.J.s. BotJr puromycLn and actLnomycl-n D lrrhibLted

tlre ll¡upbocyte roaponss to l.nf1aumatlon Ln rabbLta (P"g", Lg64).

lbe purlnc antluetabolLtes are loloxn to have an effect

on the luuunologícal recponseg both ¿B fl¡fg. and ¿& Éfúlg.

6-Mercaptopurlnc (eur¡ fqhlbLted the primary responae to

aatLgen in rabbLts ord mice (Cnrchaud., L966¡ BuüLer and Coons¡
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L964). î?re dnrg partly suppresaed the cecondarlr responre 1n

rabbltg (C¡¡rct¡audr Lg66) uut had no effect on tJre secondary

reapollao Ln ulee (trutter m.d Coonsr Lg64). In miccr 6lrP

Lnô¡ced revcrrible lmmt¡nologLcal paralysLs gl.pl-Iar to thåt

lnduced by radlation (Brooke, Lg66). In man ùtrerapeutlc oral

doses of 6MP caused a aharp drop 1n tlre incorporatlon of

labelled amLao acidE by J'eukocytea tg vitror iaolated frou

patl-entø wl.tlr chrorric granulocytLc Leukaemia. ThLg faIl.

preceded the decroãao Ln fbe nuuber of cl-rsr¡latlng lynphocytes

by several daya (iladler, eE êå., 1961). Scottr gg êL. Ug66)

found that tlre effects of 6MP on leukocytes ¿¡t gåtfg. r6re

erratd. c and. could not be correlated rLtb regularity rf.th the

obsered effeet¡ l¿ vivo. 6It{P hae be€ûr shorflr Ln rabbits to

inh-tbl.t the llmphoeyte rcspo¡rce to fnfLammation (Page, ÊL gL.,

L96z).

Azathloprinc, anoth¿r purl.ae analoguer is effective 1n

the treatment of haeuolytLc anaæLar ârl autol.muns d.lseage Ín

Ean (Daneabek aad, Schrarts¡ 1p6O¡ Sclrrrartz ¡qd Ðauerbek¡ L962i

EJ-tzJ-g aad. Maccino¡ L966). BotI¡ 6MP and, azathloprl-ne are

actlve 1n tho preventfon of kl-dney graft reJection (Uttc,htnge

and. E].Lon, L963i Sc,hwarts , L965). ltee purlne anaLogue

tbJ.oguanlne t-s lrigb].y effect1ve l.n inbibi.tln6 antlbody
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productfon. (Berenbaum an¡l Brorrnr lr96t+¡ Berenbau¡n , Lg66)

slthout eauaLng grosg destructf.on of l¡nnphoid. tissue (Hrttffps,

eJ. s!. , L956).

the antíbiotlc ch1orampbøaicol Lnduced. frrrrunologLcal

toleraæe i¡r rabblte ard. uics auppr€sslngläo priurar¡r responao

coupleteJ-y or partLal"ly. Itrq¡sv33, Lt had lLtt].e effect orr

the secondafy reaponãs (Crtrchaud, L966i Butler and. Coona,

1964). f¡x vLtro, rllre drtrg h¡d ao cffact on tlre egtabrr.¡hod

ùmur¡e reaponse {n rabbit J.¡m'ph node fragmenÈe buù dLd

affect ùh,e lnl"tlatlon of the rcüponro rLtJr antl.gen (¿ubrore,

L966). Combl.red. uLttrr 6!fP tho d.n¡g ï¡¡E more effectivc tbsn

eltlrer 6MP or ltcelf at ¡l.nl.lar conee¡trations on th,e prluary

responre Ln rabbltc (Cn¡chau¿, Lg66).

SalLcylater a drrr6 uLttr mLld ontl-inf].amatory actlvJ-ùy¡

has bcen reported to iahlbLt tlrê occoadary rerponso to

antf.gen !¿ vlt,ro (¿mbrose , Lg66). îhe d,nrg reduced, death

frou anaphalaxLo (L"pp"t, .et gl. , L95O) and lrrhibite¿ tho

Schyartznan reaction in rabbÍts (ScUuartznalr and. Schnel.êr3oa,

L953). Sallcylate l.a partl,at-ly cffectl.ve for the treatuent of

rheumatLc a¡mptousr vhile uota- and para-hydnoxybenzole acld

are aot (surt¡, LgSj).
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Â group of anal.oguos wlth greater actlvi.ty as antJ'-

lnfl"amatorT ageuts than eal.lcy1ate¡ ínclude pbenylbutazonet

ox¡r¡rhenbutazone and sulphf.npyrazotto (nttt¿ttt , Lg63). A

couparatlve atudy of t'lo effectg of thsse analoguea on

l.rrfl.arrmatl.on Lnduccd Ln anl,mal.ar baa been reported by

DomenJoz (f96o). or¡rpbcnbutazone, a uetabo].ite of

phenylbutazone has aatl-rltcr¡natlc and phar-macologlcaJ-

effecta alml.lar to tba ¡rarent drr¡g¡ but 1g uore toxfc.

SulphJ-npyrazone 1¡ a J.ess atriking anti-infl-ammatoqy agent

than ptrmylbutazona¡ but a rnuch better uricogurlc agent Ln

nn (Goodnan a¡n'd Gl.L¡nar.r Lg65).

l{o comon actLon ean be ascrLbed to ttrre l-mu¡¡otupprecslve

a¡rd anùL-J.nflammatorlr dmga. Salfcylates and phenylbutazone

anaJ-oguer are uacouplerg of oxidatlve phosptrorylatlon (Wfrfte-

Irouge , L963) uhif.e otherc LLke tbe purLne analoguGa interfere

r¡l.tlr purJ-ne nucJ.eotLdo anrl nuclelc acid. eyntheeJ.a (Elion, Lg67).

Ct¡lorarnbucllr an alkalylatl,ng agent¡ Lg thought to cnoas l.lnk

ÐNA and lntrLblt rapldly-prollferaùing celJ.s (Goldacre, 9f. åL.,

L9t+9:;îimia, 1958). lhe efìfect of ch.lorambucLl on DilA

repll.caüLon e¡eeeds Ltc abLl-ity to impaLr RNå produetloa

(I{heeler¡ Lg62). Some agents lnlrlbitlng lwmune rcsporrtos
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causa ¡tecrosl.8 of l.¡ruphold tf.sruo¡ for orauple cblorauþuc1l

(ulson, g! gl., 1958), eyclopboephaurLd,e (lu,eeter, 1.96z),

cortico¡tcrs:ld¡ (Do¡g\erty ad l]hiter LgI+5) and radiatLoln

(Bl.oorn, 19IfB). Horaverr Earty ¡r¡batances sueh a¡ uethotrexate¡

6-rnoreaptopurl.ne and tbtoguaalne Ln doce levelc that tnhl-bLt

inmu¡,e rcãporlsca a¡ effLcl,cntly aa tbe l-¡m¡lbotoxLe ageatct

lrave J.1tùLe effcct on l.yrnphoLd tL¡eus (Bcren¡¡ar¡n, Lg6r+).

ft 1c ponal.blc that üsunologlcal.I.y corpeûcat cclls

dlffer Ln theLr ¡snsltirr1ty to lan¡unosuppreocl.vc agenta at

varia¡s atagea of tlratr dl.fferentlatl.onr for.ocanplc

radLatl-on ad buauLfan danagc cclls at carJ-y ctagca of

díffereatfation rhereas uustarde aad etbylenelul.ncs dauage

tlrenr¡ at a l-ater stage (Beronbauu, t964).

IfhLle ùbe dnrgs d1¡cugoed uay dLffer vLdeJ-y Lrc. tJreir

gLte and mechsnlsn of actLos rl,tl"ln th,e body, l.t l.s propoled

that tlrey J-a tnrt e¡srt tl¡ed.r actlvfty vla the 3.yupbocyte.

thíg lry¡rotbal.a baaed, on tb eedral role of tbe l¡mphoeyte 1n

inflar¡mstory and t.mm¡na raapon"aosr rLL1 bo exanl-ned Ln thJ.e

ttreele rrl.th partlcular rpference to dnrg effectt oa protetn

e¡m,tbealc. Ia tbc sù¡dLca to folJ-or th,e relevance of tbs

flndlngr yltfr varl.oue dnrgr 1111 be d1¡cr¡aed, rLth rerpect

to thLc poetulate.
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CITAPÎDR 2

2.L. Irrtroductlon

ïn chapter 1¡ the eentral role of th,e l¡mphocytc in

lmrunotogl-cal phenouena has besn revfewed. Theae cellg are

easily lsolated frou thc blood, providl,rrg a morpboJ"ogicalJ.y

lromogerreoua cell euepaneJ.on avallable for inweatigatlon.

fg vLtro atudies of l¡mphoc¡rtc metabolÍs¡ not orrly agslst in

defLnl¡¡g lta ft¡ncùion but alro uakc avallabL¿ a blological

aylteu for ttre ttudy of agents vhlch LnfLuence ita functfon.

For exampler leukocyte and llmptrocyte proter.n a¡rnüroola

(Hirechhorn, cg g1.. , Lg63l va¡ tr\rth^¡ 1964¡ r'orbes æd. rhrrrer,

t965¡ 1\¡rr¡er and Forbesr tg66), R$A a¡rntlrest.e (I{"rror", L965¡

I{inter and ïoffey, L966¡ Cooper and. Rubin, Lgt66) an¿ DNe

eprtheair (uaytroc æd QuaglLno¡ Lg65t chapuan and D¡¡f¡qn,

Lg65¡ Rubl,al¡ et guf,. , Lg65) Aave bcen str¡dted ¿n-Ët¡g.
In uaany of tl¡ese sh¡dLea tbe effcctc of PHA have bcen

exannined. llany of these Lrrvectl€ators h.ave æployed ulred

I-eukocyte culturcg æ,d cuLture uedfr¡¡r contal-rring human plaøua

or calf serun aa suppleuent. cooper and RubLn cultured

].¡nnphocytee in Eaglets medluu¡ (].gSS) vhtle Van F\¡rttr euployed

a d.efined medLuul supplemeated with O,Sfi ova].bumin.
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Iu thLs c|rapter LnvaatLgatioag of ¿¡, El¡fg conditlons

guf.tabl.e for l¡mplrocyte proteLtr a¡rntbesJ.s hãve becn reportod.

t4In these luvcatlgatl.oac C-louclnc has baen uced aa radlo-

actlve prectrlorr tbc studlst rêported, hsre aæ rclated üo

the fol-I'orrl.ng aiuol

L. 1o obtaln cel1 auepcnal.onc eontalaing only l¡nrph,ocytes

and erryttrrocytes.

2. 1o irwestLgatc a pJ.atme-free medLum for culture purPoset.

3. To deterslnc that erythrocytes wlrlch contamLnated tl¡e

4.

2.2,

fJ.nal. cel.L suspenstion¡g dLd not contrlbute to the

incorporatlon or l4c-"nlno acl.d Lnto protein. the

effect of other J.eukocytes l.n th€ suspensions uas

alro lnvectJ-gated.

îo d.ete¡mlne ttrat thc íncor?oration of l&C-"tlno acl-d

ropresented tnre protel-¡tr eyrrthesis .

Materlals aad l4etlrodg

2.2.L. T-^1-+¡ a¡ ar'l ^.1*.'¡- af 1-**'haarrlaa

.4.11 thc glaasrare eupLoyed in tbeas f,ss1¡nfgtr66 except

blood banlc bottles raa sJ-liconlzed (Stttclaa, CJ-ay Adaue Inc.

$.Y. ), À11 gtlaserare ïaa subJacted to a routlne rachl.ng

prroeedure (.Àppendtr t ).

L¡rnphocyteg rere prepâred fron five hund,red miJ.J-l-1itres
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of vônouc br.ood collectad fnou healülry donors into bottlea
contal-ntng h.eparln (a. sfi fin¿1 cor¡centratlon¡ C6rp6¡¡¡6al_tJ¡

Sene Laboratotrles, Parlnrl'I.ler Vl-ctoria) an¿ d.extran (5fi

flna]. concentraü.on of a 6É ¿extran solution in sa].lner

Glaxo, Greenford¡ trhrgland).

the erythrocyter rorc aLlorcd to settle for one hour

at 37oc. the cupenatant vac colLected and. centrLfuged at

15o x g for 4 ulnutes to sodL¡ocnt mogt of the poJ-¡morplrs,

uonocytos and arTthrocytGt. rhe lyaphcoyto-rLch. euepenal,on

from thLs flrst ceutrf.fugatloa raa drayn off and eoncentrated

at 8oo r 6 for lJ nLautcr ¡nd rear.¡rpended Ln Jo u¡L of pJ,asua.

Ílrta cuapenrlon rað addsd to a gl.art co]-uun (e , 3O cs)

loolely packad vltb curg{-cal cotton rool and.f-ugged at both
endg. (rtcbtalLu¡, 19.!o). Tt¡a colrpn vae then incubated

a,t 37oC for I15 minutec.

At tJre cnd of thc l-ncubrtlon perLod, the ec1lÉ ïere
eLuted rl.t¡h 50 n1 of yano frsrh autol.ogpus plagua. tb.e c*Ilr

r€re tbon rarbcd trlcc rl,tb rrank¡ balancod ¡aLt oolutÍon
(fæSS, Co¡¡no¡ruoaLtb Serrnr Laboratorfer, Parlcvíllcr Molbourner

VLctorla ) before fla¡L rutpeu,rior¡ l-a Eag!.e r s cr¡lturo ncd¡¡m

(Ea61e , L955) aade up rlthout laucÍne aad cuppJ.enentod yLth

üno¡r-crgontl¡r-i ¡uLno acid¡ ¡c dc¡ertbed by Ámbroar (rp6l¡).
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the counpoaLtioa of tho nedlum and ths nature of thc anino

acids are glvera Ln ths Appendir (rr¡. llhsn tbe ccll.s rcre

cultur.cd l¡¡ Eagle.r ¡ pedir.m contalning f.euclne, stock tcdfun

from tbc Couuonrealth Scn¡n Laboratorfeg (pa¡t vl.tlc,

Vlctoria) ras uced.

The flnal cel-l surpenrLon wå6 dlspeneed in I uJ. portlons

contal.ntng I-11 x to6 J-lmplrocytes¡ lnto 2O ul univer¡al

conta{nerg for cr¡ltlrr€¡ Ðetermlaretlon¡ rerre uade ln triplLcate.

Pol¡ruorptra and uoaocytear rrblclr yere used in ¡evoral

experlmønts¡ rore obtaíned frou uhoJ.e bJ.ood prapared l-n

the uau¡rer dcrcrlbed vLth tho ouLssLon of the 1-ow cpeed

centrlfugatLon (f¡O x g). Col.umna of glaae beads uore

substltuted for cotton vool. After lncubatl.on the ce11s

rrere eluted frou the coLu¡ng rl.ür buffcred col-utlon at 37oC

(naUrooyitz, Lg6I+). Tb.e couposltiona of tbe eJ.uting soLutiona

are glven ln f,þ¿ Appendlx (fff ). Tb.e pol.¡rnorptre and monocytea

rer¡e washed, o¡lce rrl.th IIBSS and reeucpended l'n the sauc uedl.r¡m

âs that rbLch ra6 uscd for ].¡rnplrocyte cn¡J-ture.

1&c-L6.r"1¡1. (r,-teucfor 14c(u¡, epecifl.e aettvlty of

LJO øc/øù1, Radfocb.æl-cal Centre, Amerabam, hgLand) wac

added to ctrltures 1a couccntrationa of o.25 to 1o.o ¡te/øL.

Culturec ïetre lncubated at 37oC, fn an atmocphera of g5* oz

and- 5# Co2 and wGtrê te¡uin¡ted by fraeø1ng (-r5oc) at 2l¡ hourst
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or at otlror ùl,ucs aa irrdlcated'

Tbe dnrgr¡ actl.nomycJ'n D (üerck¡ Sharp ard' Dohne,

Ralrrayr N.J. ), puræycLra (Le¿erler Pearl River¡ N.l' ) an¿

plrytohaenaggLutluin (fff^â,, Bgrr-qughs l{eLLcouer E¡glând)

were added to the cuLturcs es lndl,cated in the tcxt.

2.2.2. Detcqr.{n-ùir'n oflþe tngfLrîro"pù{ oqr oL14C-1 eucLnc

Lnto orotçit

Aù the teruinatLon of culture the cultures rtrê froscn

(-15oc) and tlearsd. thl.¡ ras rcpoated trLce. Thc culture

fluld¡ uor.rc tbn decanted Lnto pl.artLc tubes aad the eulture

bottlea rere rln¡cd onee wLtþ 2 rnl of O .9f" saLLne and' tlre

rJ.nsing¡ added to tlre tr¡bca. thc tuboa rlere centrlftrged

to rcuove cel} debrla ¡l L2.1O3 r 8: for 1O ul-mrteg. Ibe

super'¡atanltt rcrG dccantod and O.25 øL of a standard pooLed

ao11ru ras addsd to laclt. l{o ca¡1rl6r proteln ras addcd to

tþa auperntÈantt frou culturce coatalnl-ng plaana. II¡e

p¡¡rtoln rar pr.rocl.pitat¡d Tlth eold trl'chloroacetLc rrcld (fCE)

Ln a fl¡¡al oonccrrtratLoa of 5*. llrc prcclpltatea r.rc rashêd

three tlmss ttth 5fi ?â' and fla¡lly takøa up Ln dllute ¡ÛI4OII

for platlag .onto 2 enz plaach,otÙcr at trflalte thlclcnoao.

Samplee roro aqrrùtod La ¡ gar flor Gciger l{¡I-J.cr countor

(nrutpr, Modcr. Pr 4032).
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Infinlte thlcknesa tras detonnlned to be J rngn of

proteLn/Z 
" 

2 (Appendlx iv). Serum from a stand.ard pool

ras d.l-spenaed l.nto portions and stored at -1.5oC between ugco

the au¡ouat added. to the culture superraatant was well 1n

excesr of the a¡nount for lafÍal-te thl.clcness. Tbts n¡'rount

uas e.ho¡ea co thåf eonpariaon betrresn tlre LncorporatLon of

ieoüope lrrto protetn by 1¡napbocytet euJ-tured Ln plaema free

uediuu æd by those cr¡ltured l.n nedLum contalnl.ug 25lo pJ'asrlra,

couLd be n¡ade easiJ.y.

. tr,l-ve pÊr cent TC.A, rae eufficlent to precipltate at-l

acid La¡olulrlc radloactlve pnoteL¡¡. subeequeat additlon of

10ø TCA to cuclr aupernatanta dld, not precipitate any urore

labcllad protcia. sro or tJrrea r¡rlrs¡ of the preclpLtated

¡rroteln slth. 5f, ff.A by cerrtrlfugetl-on at J-JOOxg, rere

suffLcLent to ræove all traeoc otr free 140-1".r"iaê. three

wasbec ro!ì8 adopted ar rtandard procedure.

îurner aad Forbcr (tgeø) tave ahora, ùhat the gg vl,tro

lncorlporation of l4c-lcuclne 
"r¿ 

l&c-glutanlc acf.d, by

J-eukocytes l,ato protein re¡Lstsd treatrnent rLth hot TCÂ and

lLpid solvsnts. .A.cl.d bydrolyslc of the labelled protelns

shsvcd thåt tbe radioactlvity raa prcaent only Ln the uino

acl-ds ueed ar ¡ubatrate. slncs lrot ÎcÂ falled to rðuovc e
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slgnlflcant proportion of the radloactivJ.ty frou proteLn

preeLpltates in their ex¡rerlmeata Lt ras decLded to uce

1C.â. at rooü ternperaturêr

lïre e¡ùent of bLndlq of l&C-l..."Lnc to pnotcLn ia the

absencs of uetaboll.c actlvt"ùy of tbe l¡nnpbcoytss nar

deteruined by add1.ng purouyci¡r to ths culture rnedLuu. Iå

eddltl.onr cÊl1s ucro frogen (-f5oC) before LncubatÍon.

tlre LncorporatLon of radÍoaetfvt-ùy l.¡to the lCA prec1pLtable

proteLn was not ctgnífLcantLy above background 1n tbese

cu1tures. Tlro background levc1 o f ths counter uas of the

order of 15-20 couata pæ nlrrute. tho countlag cffl-cLeacy

of the ¡nachl.ne vac 25f" tot l40-i"otopo.

2.2.3. gg 1 I rr{ ¡¡1r{ 1 { *r¡ onrl na*¡ntt¿rl acr

VlabLLity ras determÍncd by cel1 countJ.ng and tr.¡r¡ran

bl.ue stal.nJ.ng on trip1lcate culturee after J-ncr¡batLon for

Or 24t ,*8 and f2 lrourc. CelI- counta werle dete¡r¡n{ned rlth a

Coulüer Counter (tUoCet D) at oacb time. CeLJ. sannplec frou

tlreee cultureg rere a'l go l'ncubated {n ued,l.r¡n contaLnLng O .O5*

trypan blue (Georgo 1. Crurr Ltd., London¡ Engr¿¡¡¿) for 15

mlmrtes at 37oC, and. the proportÍon of ceLls contal.nLng dye

raa couated. thc vlab1e caL1s cxcluded dye. Fron thLr

lrrforuatl.on thc number of vl"able ce1Le couLd be deteruinnd
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at any timê and could be êIprcatod a s a percerrtage of tlre

number vl-ab].e at ttre coulrellceuent of incubation.

the tecbnl.que was not appllcabLe to cuLtures of

L¡mpþocytes stiuulated vlttr PIIA. lbe l-eucoagglut LnatLon

caused by this subr¡taace prevented accurate deterul-u.ations

of vl-sbLJ.l-ty durl-ng sulture.

Alr-drLed suears uere stafn€d rLth Leisbuants ¡tala and

examlned. by 1L6ht ulcroscopl. Thc staln ras prepared by

dLscolvlrrg O .3% lrel-shnan staLn (Tornson and ltercerr Austral-ia)

tn 97fi meúhanol (I¡odustrial grade)¡ ttre stala vaa allored to

stand 6 l¡ontba sn¡l uas fl1tered bafore ugêo CeL1 cuspensior'ç

rer6 aLso exanlned by phaee aicroscopy.

2.3. Regplta

2.3.L. f'laanae{ }.1 nn n f âlra a¡l I trrtltêrtã'l ons

In inltLal. 6rl)€rl-uents ]-ooeely paeked sLliconized glåsrt

uool (na¡tnovLtz, L964) yaa uaêd to pack the colu¡ns uc6d to

tsolate the tynplroclrte prq)aratlons. {þe separatLon of

lyuphocytee from othêr J-eukocytes by glass rool fLltratl.on

dLd not gLve corûaLrtorrt reeuJ.ts and at tlmes the preparatlorrs

contairred up to LOf. pol¡moqphs. Lyuphocyte preparatLo¡os by

eottoa rool'fi!-tratlon conaietcntly gave ftuspenal,ona of 99fi

purity. L¡¡uptrocyte suapenslons ln the vorh to be descrlbed

we'.,ê alwayp obtal.ned by cotto¡r rool fLJ.tratlon unlegs othenl-se
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stated. len - fifteen perccnt of the lyuphocytes ln the

blood ïGre rerov€red fn the fLna1 preparations.

Lou speed centrlfugatlon (f¡o r g) of the cet1

suspenaLons, after aedLuentatlon of tlre bulk of tlre eryth^-

rocytes by de:tran (lurner and Forbes, Lg66), hatve¿ tbe yleld,

of J.yuphocytee Ln the finaL prcparatÍono but reduced tbe

number of erytlrrocytes by a factor of ten.

More than g9* of tbe aucleatcd celLg in tbe flnaL

auspenacLonsr prc¡xrred and ra¡l¡ed as descrLbed l.n th,e netlrods,

rere lyuplroeyter. Granulocytcc and monocytee rer6 urually

eJ.lnLnated altogether. PJ.atelets contamínating the

suspenalon aftar eLutLon frou cotton ¡oo1 wera aLmost coû-

pletel"y reuoved by vaahl,ng ttrre cer-l euapeneJ.on uJ-tl¡ rrBSS,

E4rtlrrocyteo rerG alvays present l,n tbe auapensions l.n

numbera flve to ten tlnea the lyrnphocyte cotrnt. Î¡e

Lelgluan atained cmear of ttrre flnal ce]-L auapensLone ¡ihoved

2 to tO* of large and. ucd.Luu-clzed Lynpbocytea¡ the rest

beLng ty¡rl-cal. c¡naJ-L lSruphocytes.

2.J.2. VLabilltv an{moroho].osr¡ of 1\ruoh.ocvtea- l-n

Eeê1g¡g-Jtltb_-eegL¡;lfþout o1 a sma

Frrrahly Laolated l¡mphocyter erauined by ltght uLcrotcopy

of Lelshan ctaLned smears¡ and by phase contrast ulcrorcopy



t+3,

of tlre auapenclo[t¡ apPoared Eorual. After 2lf þours Ln

plasua-free uediun tÀe lyuphociftes e¡bibl-ted degenerative

chånggs. Íhe auclêi rêr.re frequently bl1obed and uore houo¡

ge¡¡eoue and appcargd to be loelng theLr ch^aracterLstlc

stnrcture. Theso changcs bad latensl.fLed by l+8 lrours, and

by ?2 þourc rtany cells had d,lsiatcgratedr rbLle tbe rcst

rere grosftly dcgenerat€. theae ebanges were accêLeratcd in

plasrna free cu1turss contaLnig 
"*.

By the erltorLon of Grcl,ut{on of trypaa blue, g7-gg*

of the eellt rerê vLabls vhon laltl.ally susperrded ln eulturc

ued{u¡c. Â.ftar 24 hourc in plaeua free medl'r¡n 83-94* of tåe

l¡mphocytec reuaLnod vlaËIle as dctermined by counting and

vLabLllty teatl'tg. In ¡nediuu contaLnl-ng autologous plaama

g7-gg* of the ccl'ls rcrs aLive at tlrLs tl'ue as Jud'ged by

the saue crl.terLa. DeatJr of the ec]"I.s Ln plaæa free

med'íuu¡ coatlnued at eadf'Ly, go that after 72 hourc on].y

2046# of the cella rss1¡ed vl.abl.e.

2.3.3. (.!al î c ar î i}rrm¡{ 'l n nl .e rüirâ fr oa rna¿'l{ rrm

1\ro uachirrga rrttJr IIBSS Yerc cufflclent to renove uost

of tbe aeruüû protein fbom tlre l¡mpbocyte suepensloas prLor to

fLna1 cuspensLon f.a crrlture sedJ.u¡¡ (Appeadfx V)

In earlicr strdics (Turner and Forbes, Lg6O) leulcocytca



l+4.

lrad bcen cuLüurod ín oornplete Esglc I a uedl,un wh,fcb vas

pr€par€d rith a ruppleueat of autoLogoui plaana. In thts

atudy plaema bad beea axcludod l.n ordcr to eliuJ"nqto varLable

faotors uhLoh uay Lnfluclrcs ¡rrotelu a¡rntb,oriar ùo prov!.de ¡

cor¡¡tant dcfln¡d nedfun srd to pravent tbc lntcraction of

drugo æd other te¡t rubrtancea vLth plaaua.

PrelLul"naqf cxpc¡:lmonta roro made to lrrve¡tlgato the

aul.tabl.ll.ty of D¿g1ç I ¡ uodLurnr rLth and wlthout tupplou¡cnt

of aulno acl.dr (.*nbrolc, L964) for culturc purporcr. lhe

mo¡t ¡atlcfeotory rar Eagler¡ medl,uu wlth, tbe aulno acid

auppleuernt (Âppondl¡ VI).

In protel'n e¡mtlre¡l,s ¡tudlcc l40-L".r"lne vse urcd ar

a radloactive pnoouraor. For econony Lt waã uaccacar'¡r to

urc ruboptlmal anouatr of prccurror. Âl s oonrcquence thc

guitabl.lLty for l¡ruphocyte culture of an amlno acfd

cuppl.enented, E¿glor ¡ modl.uu rlrfch re¡ pngparcd rlthout 12C-

Leucl.na rae LnvertLgated. XIre offcct of l20-teucl.nc l.n tbc

medlum oa tbc f.aoorBoratf.on .f l4C-toucLne lnto proteln¡

lc ¡l¡orn, 1n fl.g. 2.L. thc conoentratton of l4C-tcuclne Ln

tlria er¡reriutrat va¡ 6.t+ x 1O-3 nM.

thc læorporatlon of radl.oaotive prêcurror by the oellr

Lncreaaod rs¡rkcdly rban oo l2c-loucine ral preacnt {n ths



Fig. 2.L. Tr"e. efceet oc l2C-l-cuciqe @
uedluu oa the lEco¡:Bgratlgll

lg¡¡gLne bv lrmpþocwteg
'.r 

14c-

Îh'e lyupbocyteo roro prcpared from ühe bLood

of a nomal donor¡ by glaea vool fLl-tratj-on. lhe

fLnaL suspenclona coatal.ned uore than 99fi LVøpAocytea.

lhe ce1ls uere ftnaLly rurpended 1u cuppleuented

Daglets medlum propared vltbout ler¡cLne and d{a-

penred. Ln O.J ul. alLquote l-nto culture bottles.

Tb.e suepemeionã uere brought to 1 nl voJ.unoes by

the addítion of aupplementcd Daglera uediuu

prepared r¡Ltb 120-1t.r.1rr" aù varLous concentra*

tLons. lbe concentration or l4c-teuciae Ln tbe

cultr.rres waa 1 ¡tc/mL.
ThLe graph ¡horc tro relatf-onahlps,

(r ) the rel-atlonsbf'p betreen the LncorporatLon of
14c-1..r"Lr"" (erpreaccd sc count¡ per uinute per

106 cetlc prr pc or l4c-teucl.ne ) rrv l¡mphocytes

lnto proteLn and thc concentratlon of 12c-1"rr"1ne

l.n the medium is shorn as O i¡r ttre
fJ-gurc.
(e) tr" re1atlorrcblp betuecn tbe uptake of l-eucine

frou tho uedLun (sxpr""sed aç 1o-5 pmoLea lçucLne
:l.acorporated from tl¡c ued.turn by to6 cel1s) ¡v
l¡mplrocl¡ter and tbo concentrati.on of l2c-1".r"!.ne

Ln the medl'uu ls shoyn ag '[ ín t'lre

figure.
ÏrLc experl.uoat ua¡ desLgned by uyøel-f and

uar ¡rerfomed with ascLstance frou Dr. J.I{.M.
Lauton.
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l+5.

medluu. Ths incorporation by the ceLl.e of J-eucine¡ fron tb,e

medLum Lnto proteLn feJ-l to a mlniuum r¡hen tJre concenüratlon

of lZc-teuclnc Ln the uoedl.uu vas ].eas than rO.1 u¡M aad

approached zero,

Tb,e Lncorporation of 14C-1"o"ine l-nto protefn by

lyrrphocytee r¡as LLnear vl"tl¡ Lnereaaing cell- co¡eeatratlon

and ryith increaslrrg annouata of radl-oactlvity ln tlre medl.um

(AppendLx YII).

the effect¡ of othor cel1s 1n tlre J-¡nnph.ocyte ruspensions

rore lnvostigatcd. SL¡ce , pol¡nnorlphs and monocytes rrêre

re¡noved frcu tJrc eucpcnsf-ono¡ these uere not of luuedl.ate

lnterest, Platelets contanl.natiug tho suspensfona obtalaed

by cotton vool- fi1tratLonr Tera Largel.y removed by the

nshlng procedurea, Erytbocytee rere alvays preaent ln tlre

fLna]. ouspensl.ons Ln ru¡mbers 5-1O tLueg tåat of the J-¡¡uphoeyteg.

It ras Lurportant tlrcr. to deteruLne tbe effoct of erythrocytea

on lyrnphocyte prctcfn s¡rnttrresla,

Erythrocytcs Ln tlre ftnal. suspensLons dJ.d not contrLbuta

to the aynthcsLs of protel,n by l¡mplrocytes¡ nor dl.d they

Lnfluence theLr activLty (taUfe 2.1). Altlrough ttre number

of er.¡¡throcyten 1n cr¡ltura sucpsnct ons couLd. be reduced by

Lyela to a l¡mphocyte¡ erlrthrocyte ratl.o of 1¡O,5r frou a



îable 2.L. Ir¡rluerree of ef"ntþpgvtea on nrotein

eJægeg¿g,-bv lvuPbPcYüSå

SfglrJ. In thl.¡ erperLuæt crytùrocytes uere lyrcd

by e:qroaLng thr cc1l tutpGn¡¡Lonr to a lry¡ntonfc

colutl-on. 1.5 ì'fl of vatcr wa¡ addcd to 1'O ul of

ceLls auepcaded, 1n culture uedtr¡rn for one ulaute at

3?o. The culturcs rcro raetored to Laotonlclty by

adding 1.J uol of 2!I tal1ne, î:h. cal1S wêre CeutrL-

fuged at 8OO x g ãnd rcruepeadcd. in eulture uedlun

contalaios 14c-leucine for lncubatLon'

Tb,e cclla rore culturcd l.n 120-lsucl-ne-free

rnediur¡ witJr 14c-1".r"Lno at a coacætratLoa of

O.25 p,e/aL. DetorniaatLonr rêro m¡dc l"n trip1lcate'

Þxrrt. II. ElTthrocytcõ ïare lyled by addlng LO rnl

of uater to tbe ly-mphoeytc aul¡renllor' J.n 5 n1 of

autologous placrna. The callc rGre left for 5 nlnutegr

cel¡trifuged at SOOxg for 10 ultrt. and tlren raehed

vith llanka bal-anced galinc colutioa tn' tl¡e norual

rÊfr A coatrol culturc ras trcatcd vLth eal1ne.

In tJrls exptrl'uent ttr¡e celJ.¡ rGrra prepared

by glaat mol. flLtrati'on æd cultured t¡ EagJ'ets

mediun contalnl'ng l2c-lcucLne rl.tlr l&c-]."t"{ne ln

tlre uedLuu at a eoncgntratlon of 1 pc/mL' Deter-

minatl'onc rcro made ln ôrPllcete'



trpt.
No.

IT

lre¡tncat

Beforc lyrir
Aftæ l.yrLr

Scforr Lytlr
Á.ftar 1yr{r

1/IBI"S 2.1

2.75
1.85

------------ ----

1.8
1,. 3

L¡¡uplrocyt¡ Erytlrro¿ytô Protcln
countx coqtatr Synth'orl'r
10ó toó cpM

atut/Lo6
1¡mplro-
cytca

I 3077
9

a

a

13
o

10.o
O.2

202
112
r09

L24
106

80
8tl

In lrotb arPorl.nætü tl¡c
corrut¡ rol\t dotcrul'nod ull'ag
reprcooatr tb¡ lncorPoratl'on
per nLnute Lnto Pnotcl.a. In
incor¡rortttoB of radloactivo
hen beln exltrtttod as countt
eytce culturcd.

l¡nnphocyte and orythrccYtc
a Coultar cou¡t6r. CPM

or l4c-rsucl¡c ar couat¡
tùc final colu¡n t'ho

prlcurtor Lnto protel'n

Irr rimrtc per to6 t¡nPrro-



46.

former ratlo of 1l !, the proteln c¡rntlreet a per L¡rupþocyte

remalnsd tlre lauc

Pl.atelctt YGre removed frorn thå fl.naL llmphocyte

suspenclonr by ths raebirg procedure eo that tbera rerc ver:r

few or notne ln ths fLn¡l euspæaLollsr E)rricÛred platolet

sucpenralonø prtÞparGd on glara bead coluuns (nautnorLtz¡

LgG4) ata not eLgrniftcantly Lncorporrt" l4c-leuclna lnto

protol.n. Ilil these exp.rlnonte 1t vae dl-fflcult to obtaLn

ouspenaloae coupletcl.y frec of lyrophocytes.

PrLor rro¡{s 1¡r tlrta laborator¡r (turrrer and Forbesr

Lg66) rlth l¡mp¡ocyte strspepglotg containing pol:morphs

proupted prelfunlnarlr lnvestl,gatlone lnto tJre effect of

pol)moryhs on l¡mphocyte proteln tJnrtlresfs. Sugpensloas

of pol¡nnorphs ar¡d monocytea ¡r6re prtpared as degcrlbed by

RablnoyLts (!g6t+) . PoJ.¡rurorple rt ch ouapenalons inco¡¡porat¡¡d

14Õ-1".r"1ne Lnto prmtela. Lor pêreorrtages of polyuorpha ln

the, l¡mpbocytc suÊpouclone gtL¡¡ulated tbe lncorlporatlo¡' of

1&C-1".."1-ne l'ato protcLn (rtg. 2.2). fn one of tlre

ex¡rerlmeats reported Ln F16. 2.2¡ monoc¡rte-rlct¡ culturea

rsne sr¡I.tured ulttrr 14C-L".r.ilte. Îhe¡e celLe Lneorporaüed

precunoro ÂI.co orr thl'r occaclon both tho pol.¡morpb rLcû

ar,d monocyte rLch ouaponaLong roro c'ultursd nf'th PHA, buù



Fig.2.2. Íþe effect qf ,oohmor?h,s Ln ].rmÞÏ¡gcvte
sÉb¡¡ss.

grepþ._a_- erpf,¿J. :t", ryuplrocy teo r.n thts erperÍ-
ñ; r."" "btGa by ft ltratLon of blood t*tq^"
ãiãr, roo1. Ttre final au*penal-onø contaLned, 99þ
l-¡mphocytag. ltre poJ.lmorph rfch tuspension contalued
gilláiy-or:plrs anð15fi mon^oclrtca' the tota:. culture
volure ra¡ I ul a¡r¿ lbe concLntratlon ot 14C-teuciae

;;;-1- Vi/^t. îhc cet ls Í6rc culturcd in commercJ.al
ä"ãf"rs ne¿tuu. Detcr^minations roro nade Ln d'pl1c-
ate. the cultures-correcpotalog to LCIaú l¡mphocyter
;;;"roãã 6.6 x 1oó çel.:-¡ xhLl.e tltoac'correspondlng
;;'îü--p"i:-""pit eontalned 1'6 ¡ 1oo cells of tlre
pol:¡uorPh rLch PreParatLoru'

Graoh B = 
D¡tot. 2. -1b9-L¡mpbocytcs 

l-¡r thLs expor'l-
ffi by fittratl"on of blood tlrrougb
cotton rool. The po1¡ruorph ql.ch sulpæe1ons corl-
;;ilã õiÉ-p"r:-o"in" ^o.a.'3Þ 

nonoc'¡rtea' 411 tlre
culturea containeA Z x t0o ceL]-s l.n a total volur¡e
;;-i-;i: l4c-Leuclae vss l¡cluded ln the ¡nedlum

iãrrooi"*nte¿ Dagle I s nedluu prrpared rlttrrout
ìili;;l-ãt " cõcaatratLon of o '2J pe/c.:-' Deter-
ml-nat1oas rero mada fn trfpfieato'- The I-OOÉ

pol¡ruorphcu].üurciut.l¡egraplrrefersto.tlrepoly-
morph-rLch PreParat ionr¡.

Monocyte rfclr auepcnalonr aLlo prrBparod on
tl¡Ls occa¡ion¡ lncotlporated precuraor into prct"1:;
thesa sutpen¡¡lons contalnlrrg 17F pol:rmoqplrr a¡¡tl lttP
nonocyteÊ rero culturcd' 1n iarclnc free suppLcmentcd
Easle-tc ued.j.Ua. thc cr¡lturs voluuc val I m1' and
õîãI-rrã ;¡-r4C-rcucr"ne ryaa lncludod per ml"' The

fncõrbot"tLon Lnto tJre TCA eTåcl'e1lab1.c protel.n
;;-lZd- eouat¡ per uln por 1oo cel-l.¡ pcr pc' I{hæ
iù. p"r:-orytr and' to¡rocyte rfcl¡ proparatlons uero
cu].tureC ntth PIIA tb'ere uas ao rlgnl-flcant stLutl-
tatlonofprotaiaryatlresl¡couparedwl.tlragl.x
fold lncreace fn thô incor¡roratlon of precurcor by
cuLtursg of, ctl-uulated lyuphocytcg'

the l,"corporation of 14c-l-".r"ine lato proteLn
has been cotç.ãt"a and egrresced ln.graPh A an4 B
;- ";!l "/to6- ""i 

r" cultulod,/¡'uc of l4c-I-euc Ltrc/
minute.

Botb of tbc;e experiucnt¡ ro're deal'goed æd
perfomcd Ln co-opcr"ttoo "'1¡¡ 

Ðrr J.lf.M. Larton'
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tlo siga.f-fLcant stLmu1atLon of proteln syntbesls râs obsen¡ed

(see legend to Fig. 2.2).

2.3.4. the affar:t nf lnhllyi t¿r;g

the effocts oa proteLn s¡rntheo1a of the l_ntribitors

puronycin a¡¡¡l actl,nomycLa D rere lnvestlgated. FLg. Z.Vt

shors th'e effect of fncreasirrg puro¡¡ycLn eonceutratLo¡ls Ln

plaaua free med.luu¡ on tbe incorporatlon of l4C-teuclne l"nto

proteLn by unatlmulated Lynph,ocyteg. R¡rornycl-n at a

concentratl.on of 4o ttg/øL cornpletely irrhibl-ted prote{n

eyntheais by unstl.mulated cel-lg. PllA-stfunuLated celLs were

í¡¡l¡lbLted at the EaEe concentratLon.

Incorporation of l4c-teucÍne l-nto protein by unatLmulated.

eeJ.la uas subatantialJ.y but not coupleteJ_y inhíbited by

actlnomycln D in the medLrmr (rtg. z.t+). Tire full effecù

ïaa exerted at a concentratl.on of t- .5 ltg/u-L. a gmall auount

of proteln uas oyntbesl.zed at tbls conce¡rtratlon,

Ðxperlmentc vera dealgned to estlmate üretù¡e course

of th{s actLnomyel.n Ð reslatant protein a¡rnt}reeie. Iltren

aetLnonnycLn D 
"tr¿ 

l&O-|euci¡1e rer€ ad.ded slmultaneoual-y to

ttre ðell auspenalon before lncubation, s¡nr.thesta cor.tl.mred.

fot 6 bours (pfg . 2.5). PreLncubation of the J-¡ruphocytea

rlth actinornycin Ð for Jo mfnutec before th,e ad.dl-tion of



FJ"g. 2.3. s{fgcÊ of PuFoEveLn oE-tbc, L+æryontrore

oq l4C-lo¡cl¡¡o t*to nl:otl{a

hrroayala ru lncludod L¡ tbc oulturo rnedLrn

et concevatratlonr up to 1$o ¡r6,lu1' tlrs l1mpbo-

cyter ïsro urrrtLnul¡tcd ¡rd ¡ore culùured 1u

12C-lr.rolnc-froc¡ ruppknGt cd Deglr t I med^l.r¡n '

îìtlc couatrTto6 colLs/pe/ajla' r roprcaortr

tbe count¡ rrollurçd |,n tJrc TCA prccLpLtablc

protcf,n pôr 106 ecllr culturcd¡ GorrGGtod to a

concontretton of 1 ¡le of l4c-l.tt'olnc l-a tùo

uedLun. C.P.M. rcpreocrúr tlrc ectual countt p'r

mLnutc rr.aaur.d i¡ tlrc procl'pttatr urdsr thc

erpcrl.ncr¡tal. condLtlon¡'
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Fig. 2.1+. ?}.c ofrect gf qctinonvcl..a-,D on tJre Lneor-

gg8Ê¡¿.gg-or l4c-reuçrns rato .

Actl.noxycin D rat t¡ncludcd 1¡ tl¡e culturo

ucdiurn rt ænccntratLor¡ up to 3.3.þg/u.r.. lhe l¡rn-

pbocytca ÍGrc un¡tlaulated, æd cultursd Lo 12C-

LeucÍ¡,e-frec, rupplcucnted Dagler ¡ ucdluu.

îhc coun tc/J)6 er'Jll;t/¡tc/urila. r rcprcrcnt äc

countc Ecsturcd 1n tbc ltCA precLpl"table protcln

per 106 cc1l¡ er¡ltr¡red comectrd to a ooac,B¡¡tratlo¡

of l, ¡rc of 1&c-1.o"1,n" La ttrrc uodLun. C.P.M.

raprcscnt tlro ectual cot¡nt¡ Por ninute ¡neasured

f.n the proslpitetc udor tbc cxpcrlncntal

COn.l{ t lOI'' .
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Fl-g. 2.J. 'lL^ #{¡¡ ^ôrrñla af ¡a}{nansa{¡ T)

Âctlnonycin D ïå. lnclud,cd Ln ûha uedtun et

3.3 ltg/ml.. Iùc l¡mphocyüo; rcrG unrtÍEul.otsd a¡rd

cultured Lo 12C-toucLnc-frGg¡ .rrpplæGnted, Eag].eI r

u€d.luuo Control cultur3t rcro {ncubated l.n t}re

raEô nad,fu¡t.

Trl'pl.lcetc cu]-tur¡r uGrê;'talplcd at the tl¡rc¡

fudJ.catsd and protcln rrr prlÐclpl.ùeted rLttr¡ îCA.

Ihr rtandard dcvl¡tl.oa¡ of tbc rorulta b¡vc becn

Lncluded Ln thc fl.guro.

lîro c@rntr,/J.O6 cct lr /pc/uLa nrpËtollt tb.

cquntr Eea.urcd 1a tb IìCA pr.clptteble pnotcLn

por 106 ccLlr eultured,¡ esrroctcd to a eoncentra-

tLon of 1 pc of 14c-:,".r"1no ln tbc n¡dl.um.

C.P.M. ropf.tattt tb ecturl countl per mimrte

J-n thc lrrotoLn prcelpltatcr.

O Control culturer

A Actfaouycln D trcated culturet
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l&c-l.".r"Lne dLd. not reduce thLe synttresis (tatre z.z).

cellg kllled. by freezLng at -l5oc rere incubated rLth
14c-1".r"Lne Ln plasua-frec rnedír¡m and rrere uged as contrors

to these e:¡rerluents. thece kl.t 1ed ceLLg dl.d not J.ncorporate
l&c-].*.r"1ll" lnto prroteL¡n.

I{hen actlnouycl,n D and PHA were added togettrcr at the

begLnnLng of l,nct¡batlon to tlre culture medùru, tbß PILll,-

re8trxrnaê ras ln?'lbLted. Ìfhen actlaomycin D raa add.ed to

the cel"le after tbe PHÀ-rospon¡ae h'ad been Lnltiated,¡ the

reaporrrie yas b].oekcd, (t"¡t" 2.2).

2.4. Ðigcr¡s sLo¡'

fn tlre develo¡xtent of suitable condLtLons for

l¡zuphocyte culture¡ cell preparatLons rrêre preparcd fro¡n

blood by cotton ¡rool fÍltratioa¡ wbl-cb trad been mod.ified

from tlre uethod of Ficlrtelius (rg5o ). this uetlrod rcas

¡l¡perior to flltratl,on of blood t}rrougl: co]-umns of sLlLconized

gJ-aas voolr uhlch gtr¡ê ¡neeparatlons contamírrated wl-th other

cel-L typer. P¡-ateLets '¡nd plaaua ïere elLrnlnated frou the

finaL culture cue¡reaeÍons by vaetring tbe celLs wlttrr balanced.

salt aolutl.on. Dr"¡rtbrocytee coutanínatLng the flnal eell

suspæslonsr La, numbera var¡ring frou 5-1o tluca tbe llmph,ocyte

countr dld not affect the L¡rcorporatlon of rsd{oactlve



lab1e 2.2. Þffcct of åcülnouvctn D on-p#etgln

Threc expcrLrrent¡ are ¡t¡uuarlzed Ln thl'¡ table.
CeLls ïer€ lncubatcd r¡ltb ¡nd rl.thout PIIA and

actLnornycin Dr vt¡tctr rore addcd at the begl.uning,

of ttre lncubatlon pcrlod, vl,th one êxe€ption 1n

experimønt ("), In crrperLue'nt (") it caa be teGtt

that aetLnonycln D prcvonted tåc i.nitiatl.on of tlrc
recponae to PHA. rn cxperiment (t) eellc wetre

pre-lncubated rt th actl.nonycC-n Ð before addLtLon

or l&c-teuclne. thcrc ma no greater l.nhlbLtLon,

of proteLa c¡rntb¡L¡ rhm acùlnorrycln lrad been

actlng for an hour boforr add1tion of tracsr.
thL¡ auggclta that tbo no¡t lnportant effect otr

actLnomycin D on l.¡rnphocyte; í¡ to l'rrhlbt t tlre
r¡rntbcrLa of ¡hort-llvcd nr¡emgcr Rl{A. Ïn
ox¡rorlnent (c) actLaonycla D ra¡ rdded after tbe
PHA recpontG h¡d, bcera undor ray for 6 h,ours.
Actl,nouycln D blocl¡ad. tho crt¡bllabod responaGo

CPM ¡¡p¡t¡onts tbc actual corrntr per
ulntrte in tbe îCA protcin precipltatca pre¡nred
f,nou¡ the culturcs.
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?ursor l-n'to proüel.rr by t ynphooytes. lbíg Yag ch'ourr by

-educlng the aumbers of erythroeytea by 9}fi, by J.ysl.a of

tbe euaperrelons in hy¡lotonic solutl-on¡ rrltlrout affeet1ng

the rate of LncorporatLoa or l&c-teucfuoe into protef.n per

J-¡nnplrocyte.

Ott¡er leukocytee tn the blood caused lncorporatLon of
14c-l-".r"Lo" into pnoteia. Srnal-]- percentagiea of pol¡nnoqph

rLctr preparations vben Lutroducod lnto tlre J-yuphocyte

cultr¡res caueed lncreaced lneor¡poratl.on of precurEorr beyond

ttrat expected frou culturss of l¡nnphocytes and granulocytel

alone. The stiur¡lua by amralJ- numbere of poL¡morphs may bave

been due to t*¡e rclease of mrtrfent frm ttrese cs1ls after

Lys1e, rhich at a particular concentratl-on wae stLuulatoqy to

l¡pphocyte protefn s¡nrth,e¡1a. It rould be LnterestLag to

imrestl.gate th,Ls further ritlr reference to tbe ïork of

Page (tg64), rdro postulated that the stluulus for l¡rmpbocyte

protel"n oynthesl.e and nigration Ln acute J.nfJ"a¡unatLon vae

caused by the neutrophll. îrl.c evLdence emplmÉlzed tbc

need to exclude otlrer J.eukocytee fror¡ tJre fLnal. I¡mpbocyte

suapensl.on.

ProteLn e¡rntlreoLc by unstLnulated s¡¿ P[IA-ctJ.mulated

J.¡nnplrocytes ra¡ coupl.etel.y bloc.ked by plrromygLn at a
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concerotratl-on of ll0 þg/øL and vas substantJ.al-I-y blocked

by thl-a dnrg at Lorrer c<¡ncentratLorrs 1n the cr¡Lür¡re raediun.

Puromycin is a apeclflc inhibítor of proteÍn c¡rnttreaLg by

mimicking traasfer ribom¡c]-el-c acld, aü tïre rlboeoue . aurface

r¡lthLn t}.e cel.L (Xatnans, Lg64). thiE flnding provided

evLdence that the {ncor1¡oration of l4C-teucine lnto proteln

by the ee.LJ's represented protein syntllesJ.s activl-ty. Furtlrer

evldence was afforded by the uork of l\rrrrer and. tr'orbee (ryøe),

yho reported that radloactive supernatant protel,ne frou

1eukocyte cultureg reaLgted trcat¡c¡,t rlth bot lCA and. l'lpid

solvenüc. llb'æ, they hydrolyscd tl¡ese products¡ radioactivtty

uas found oaly Ln ttrre uir.o aclde, l.en¡cl.ne or glutanlc acLd,

ubi-c.h yêre used a¡ subctrates.
l&C-L..r"io" amlnoacy]. RNA compl-eres not reüloved from

tbe proteln pnecLpLtatea by cold lCA uotrld suggest

Lncorlporation of precurcor lnto pnotein ín the presêtxce

of puromycln. the fact thåt puro¡ryci.a coupLetely tnhiblted

tlle lncoryoratton of l4C-1"r¡.i¡r. into tlre proteín

precLplüatea coupled ríth th¿ evldence of î\¡rrrer and

f'orbes (ryee) suggest tlrat aminoacyl, Rl{A coupleres d.o not

contrlbute to tlre radioactivLty l-n ül¡e preclpltatos. Ae a

result of these fl.ndLugc proteln preclpitates were not
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routirrely rath€d rrl.th hot ÎCA.

îre lncor?oratlon of 14c-1".r"io" Lnto proteín by

unstlmulated and PHA-stimuJ.ated l¡mpbocytea ras not

coupletely inlrJ.bJ.tod by actlnornycln Ðr an inhLbLtor of

uesserrger Rli[A a¡rnthesla (ftrtc, 196CI)r at eoncentrntloins

causing maxi¡¡uu lnhJ.bJ.tlon¡ the æount of s¡rnth,esl.c 1n the

preserlce of actlnouycln Ð uas tbe'came Ln suLtureg of

ungtluulated or P[IA-stluulated Lyuplrocl¡tea. Pre-l.ncubatl.on

of the cell.s wl'tb actlnorrycin D dld not alguj.fLcant1y reduce

thl-s eynthesls. thi's dtd not ruggtat thát the cyatlre¡ia of

protel-n Ln tbe preËencô of actinouycl.rr waa related to tho

permeabflfty of ths ce1l to thL¡ aubstance. lhe data

provLde evl.donce for täe lrer€ncê of a Long-ll,ved Rl{A ln

1¡mptrocytes. thls RlìüA ras ab1e to dlrect prcteLn ryntheaJ.s

for 6 hours after tbe LacJ.ugl-on of the d¡rrg 1n the cr¡lture

¡uedlum. lbi.a proteln ayntlreslr couprLeed a sma.lJ. part of

the totaL s¡ratheala, ühe uaJorÍty of ¡¡lrl-cb rag deperrdeat on

a continuoue s¡rntJrealc of rnes¡enger RIi[,A. l{herr actlnouyein D

rdâs added to cuLturec of l¡nnplroc¡rtea wlr{clr retre prevLoull"y

incubated for 6 tror.ra rfl-th gHA, further pnoteLn aynthetls

uas Lnhibited. the Ln{tLatlon of lnoteLn synù,heel.a atfunul.atLon

and tbe corrtlrrued ctlmulur b¡r PHA uaa deperrdent on aatinoaycùr
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Ð sensitive RNA cy¡rtlrosLs.

Hlrschhoaîrr g.t åL, , (tg63) reported. that the s:rnthesls

of proteLn continued, for z hours in the presence of

actJ.nomycin D. He also reported th.at J-¡rmpbocytee, u1¡Lc¡,

uere c'ultured Ln ttre prese¡xce of áctlnomycin Ð and plf¿,,

i-ncorporated arr ar¡ount of rad.f-oactlve precuraor into

supernatant protel-n, wtríctr at tbe end of 2lt hours was the

saue as tha.t amount incorporated Lnto tJre aupernatant

protel-ne of corrtrol cultures yitl¡out ürese agents. The

regultc reported 1n tJris cûrapter support the evidenee for
the presence of a long-11ved ribonucleic acid. in l¡naphocytea.

The secot¡d fr-nding o f Hlrscbborn is at variance with ttre

resu¡.te rreported bere. Hirschhorn ueaaured tlle Lncorporatlo¡¡.

into the su¡rernatant protelne releaged from ttre cells during

cuLture and. not the auount l-neorporated into pnoteln

relear¡ed frou the cells after freezing and tbarl,ng. Thig

coul-d be an explrnatl-on for the obse¡rr¡ed differencêÉr ¡ He

also stated that all of the proteln ].iberated frou tl¡e ceLls

in control and actinomycLn D treated, cultures ras rgG

globulin. lhe rr-ture of th.e protelns wh.l-cür are uade by

J-yaphocytee vl]-l be reported æd d.iscusaed. in chapters l+ and J.

&gJ-ef s medium supplemented wLth amino acLds (Aurbroee,
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Lg64) eupported proteLn syatlresLs by lyrnphocytea. sornc of

tbe adva¡nta6ee of thLg aedlum u111 be discusged. later Ln

thle ùheeLs. The uost lumcd{ate advantages are that the

æd.Lum can be coupletety dcfl-nsd. and, tbat varLable placua

factora whl.ch affect c¡mtbcsLe (KaurÍnr Lg66) are excluded.

Tbe proteln e¡rntJresl.g actlvlty- of t-lmphocytel ras uuclr

redueed l-a uedLurn prepared ufthout Leucine. Optlnal co¡.df.tiær

for tlre l.ncorporatlon of lancfne l-nto protelü by the ceJ.J.c dLd

not ocsur untll tJre ].euclne co¡oceatration Ln tbe mcdl.um raa

9.funlt{, the anouat of protcln synthesLzed ras optLma]. at

thLc conêeatrat{on and above, under tho con¡litLons of

culture. thLs conceutrstLon of aulno acid, vtrl.cl¡ ].lmlted

optlmal. oyntlresie, rar s¿ullar to that found by Dagl.e (tgSS)

to úe Liu{tJ.ng for tho groutlr of EeLa cel-J-s XA yå$¡g.

The incorporatl'on of radLoactLve precuraor i.nto proteln

by lfmphoc¡rtcr sboved a J.lnear relationship rLtlr ceLL coloGon'-

tratùon up to ?-8 x I-O6 ca].J.s. For most prrr?oseg ce].].

cn].turos coataLæ d, 2-3 x lOd cclls. th.e re].atLonebl.p betueen

14thLs Lncora>oratLon aqd. the concerrtratlo¡r of C-f.eucLne l.n

the nedfum raa sl.ao lÍnear. lïre erpreceLon. of tho re¡ultc

as actlvl"ty per 106 l¡mphocytea pcr pe of l40-le.r"ior in tJre

uedLuu¡ prorrlded a cultabJ-e üêana of oouparLng data from

dLfferent erperlmeats .
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Dighty to nl-nety pcreg|ilt of the J-lmphoclrtes rþLcþ rere

cultured ln plaena-frce nedir.ml rerê viable at 24 boura by

the crLterion of trypan bLue aùainl'rrg. tlhetlrer all of th'ese

ce1ls are able to a¡rntlreelzc lx'otcln ls one of tlre aubJccts

of LnvestLgati.on üo be descr{bed la the next chapter.

2.1. Sumar¡r

1. r\¡rlfled J.¡mpbocyte susp€nslons Iere pa€par8d by

cotton rool. fil-tratl'on. In tlre flna1 aucpeael.ona

uorc th¡n 99* of the rrucleated ce].].s YGre ].ynpho-

cytcc. 'I:hê rutp€ûsion6 rere contamlnated only by

errythrocJ*e¡.

2. Lynphoeytea ¡ury1ved uell in plaema free uedlr¡m

durlng eulture for 2& hours. At 72 bours fev of

tlre cella rerre vLabl.e I'n tJrl"s uedl.un¡. Tlre

viabÍlity of tlre ceLl lncreased. vhea autoüogou8

pl.asna vas lnc1uded l.n tlre medlum.

3. the l¡rntbecLa of proÙeLn by J-lmpbocJÉes rae

d,enonstrated Ln plaeua free uedlum by the lnclusion

or l&C-]'euclne l'n tbo mcdLun. The effeet of

lncreaaing concsntratlons or l2c-teucl"¡e l.n tbe

uedlr¡m orl tho lncor¡roratLon, of radLoactivc pr€cursor

by tbe cslls ras lnvestlgatod. Plaena free Eaglere
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rnodf.un rupplsüolrtcd rLtb varl.ous aüLno acLds and

prGpared. r!.thout l2C-J.trrcr-ne was ad.opted. a¡

sta¡dard cüf.*r¡rr mgdl-uu.

Ðrytohaeaagglutl.nin (nU.), a b€anr 6xtract, ïhsn

Lncluded irl' the rncdl.utn atl'mu].ated the csl1s to usks

l.acrasred auou¡ts of protcLn.

Âctl.nonycln D úd pr.¡rouycin, l.ntribitors of protel.n

synthsrÍr l.n othar uanna].l.an ce].].s, LnlrLbf ted

proteln cyatheclË by l¡mphocytea ad' al.so {nh{þ{f,6d

thc J.¡mpbocyta prrtol.n rorponse to phytotlaoua-

ggJ.uti.nf.n. Purouycln eoupletely ln¡¡tbd.tcd proteln

aynthealr. fn tbo prsræce of actlnornycla Dr a ¡uaI.J.

anourrt of c¡nrthcaLs æ¡tLnued for 6 lrourg.

Sr¡aLl. concenrtratlon¡ of pol.yuoxpbc La l¡ruphocyte

culturee atLrulated ¡rrotein s¡nr,thesLs .

Erythrocytes present 1n tlre ffna1 suspensLon¡ dt.d

rnot contrlbute to¡ nor Lnfluence tl¡e i.ncor;poratl_on

of l4c-].euciae into protoln rry ].¡nnphocytes.

at
l.
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CHAPTER J

-

IIME-COIR.SE SîUDTES O¡. LTMPIIOCÏTE PRO.TâTN AND

tfuc¡,Dtc acrÐ snir$I$sEs

J.1. Introductioa

In tblc ctr¡pter arlr reported fnvestLgatl.one of l-¡mpho-

cyte protein an'd nuclel.c acl.d cynth,eces at varl"ous tfunea

durd.ng the Lncr¡bation of the ceLJ'g åg Ét¡9.

the flnal Lyupbocyte prcparatLonc contalned cellc rbLch

rere ulorpbologically unl.fom by tbe crfterla of pbaae contrast

micrcscopy aad 1tght uic¡¡oocopy after LeJ-ghnaaf e staining.

Neverthelees¡ thi-s dld not r¡€an that they rere metaboLically

sir¡ílar. E:rperJ-ments wlth 3H-le.rcine aa rad.Loactlve

precursor were deal-gned to lnvestlgate th.e number of ceJ.J"a

wtrlch. rere errgaged 1n protein s¡rnthea1e l.n unstirulatcd

cultureg and' to deterrofne th.e nuuber of celLs in these

cul.turee stLmulated by PIIA to produce protei.n. CeJ.I.s rhLch

had l-ncorporaùed prÊcursor rere deteeted by the technique of

autoradlograplry. Torel.llr 9.ü. 3L., OgeU) harl uced thts

techrique aucccesfi¡lly to rtudy tbe uetabol*r¡u of leukocytes

$¡¡ v1tro.

II¡e experiuenta lrr tlulc e.bapter üere deslgned:

1. To gtudy the tl.us-cq¡rac of proteLn aynth.esls by tyupho-
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cyt6a cultured lu mediuu ¡rrth and vltbout an autologoug

plasua auppJ-euent. lbe effecta of PIÍA on th.e tLne-course

of proteia o¡rntlregf.g rere al.eo etudled.

2. 1o invs¡tigatc the tfuEe*courso of nucleLc acLd. cyntlrealt

by t-¡mpbocytes cuLtured l.n placua*free med.iurn, wLth and

vl-thor¡t PIIA.

3. To detect by the technlque of autoradlography the

proportloa of eeLls actlve Ln protein synthesLe.

J.2. MaterLals and Mq$hods

3.2.L. {ggl,atlon and su].turu of L.moboc\rtes

lhe rnethodg uged to prepare l¡mphocyte cur-tures and. to

dete¡mine the lncorporatLon of l4C-L".r.ine lnto proteln ïere

deccrtbed ln chapter 2, aectlon z.z.L. tbe ceJ-ls rhlch

sedluæ.ted at 1lo x g &¡rtrg l¡mph.ocyte preparatLon rsre

uaed vben culturss of nired loukocyt€a rere prepared.

3.2.2. Fiue-çourse of oroteia sv?.t¡resla

Tb.e tLne-courcê of the incor¡poratLoa or l4c-teuci¡e

lnto proteLn by l¡ruphocyter uaa dcternincd 1n tro ¡ituatlons¡
(r) eulturfng l¡nuphocytes in a leucLne*free auppleuented

EagJ-etg nedium (rr¡ crrtturLng r.¡ruphocytes in tbc aaaÊ

uedj.u¡ cuppleuented wlth Zj* auto.Logous plaaua. Triplicate

culturec uorê tetuina¿g¿ et Íntcrwalr up to T2 h.ourr.
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lbe supernatantt uGre separated frou the cel"ls

iunnedl,ately at eanpl.ing by centrLfirgatLon at 8OO x g.

nSolubleñ proteln wa¡ extncted frou the cells by frcezirrg

and thagrLng theu rLtl¡ 2 ml. of aormaL s¡l lne. This cc1l

e¡traet fractLon xaa reuoved by ccntrtfugau'on at 1g3 x ø

and the remainíng celL debrl-8 fractl-on vae colLected a¡rd

waahed on fl"Lter pqlcr (llhatuan No. 1r Ba]-ston Ltd.r

Þnglaod).

the foll.ovlng dLagran cr¡muarlzed tJre aanpLiag tecbaique

used i.n tlreee experl-ueu,tt.

Culture of l¡rnphocytea lncr¡bated at )loÇ for:
varlouc tLmes

Sanpl-ed for estl-¡rat ion of
tho l-ncorlroratlon of
14C-leucLne l.nto protel-n

Centrl.fuged at 8OO x g for J.lr

Cel]. fractl.on Ce1l surernatanÈ frectl-on

Frozcn^and thaucd (x 3)
at -15o rl'th 2 n]- of
rromal" gal-l.ne

03CentrLfr¡gad at I g

Fi].ter
I{b,atman !{o.1 and
rash uLttrr ¡¡].l.nc

CeI.I. del¡rl.C-¡[ßgt teg CeI.l. ertract fractlon

In thc rork to be descrlbed refcreacc rLl]. bc uade to
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tlre fractLons rhlch ar.e urdcrlined in tl.e above diagrau.

The protaLns Ln the eoll supernatant arrd cel-l cxtract

fractlone rrerG precl.pltatad rith 5* rcL. lhege fractlonl

ue!ìe countod on planchct¡ at t-nftntte thl.clotegs. lbc cell

debris fraetl.ont rerê counted on thc fl-lter påperc.

3.2.3. @ of ce].la

Culturea of l¡ruplrocytco and Leukoc'¡rtee rere pults-

l.abel-led at varlotra ùLpea rLttrr 3H-loucfne (L-1sr1.1o", t+r5,

T, rpecl.ff.c actLvlty of 96O urc/øù{, RadLocheuical. Centær

âuershåm) at a concentratlon of 1 ¡tc/wL Ln tbe aediuur.

Âfter th'e cel.I.s bad becn f'ncubated rlth radioactlve precuroor

for J-J uLnr¡tcs¡ êrcalt rnad.l.uu vas added to tl¡e sulturer and

tlre ceI.I. surpcnalont ïerË fuucdlate1y centrifuged. at 8OO x g

for LO nl.nutea. After tbe eu¡rcrrcatant had bec¡r dl¡cardcd

the ceL1 br¡tton uet rratucpended l'n O.2 ml of plarna and the

ceI.l-c rGrG searsd on cleen gl-aee sll'des. lbo cell tnoara

yere flxed l.n acetic acLd and oethano.L fixatl.vc (ui¡cd La a

rat{o of 1:!) overnight at [oC m¿ uerro ralbcd ín aoveral

changca of seJ.l.aå and. rater for 48 h,ot¡rt.

After tJre fl!êara bed drl.cd tt¡e ¡ll.dee 16ro dJ.pped

Lnto pbotograph,Lc enulrion (t{ucl.car Reaearch &uJ"rfon Lll,

IJ-fødr dLJ.uted rLth 2 voLu¡¡s of ratcr) and ï€ro er¡roced

for three usek¡ at 4oC l.n J.tgbt- a¡rd moLaturs-proof bo¡el.



60.

At the end of thlg tLue tåê esulsLon raa deveJ.oped wLtJr

ÍÐ2 (ItforA) and the guears rere staLned vltb. Leiahuauts

stairr. Grain eountg sere rnade over a nLnl¡num of 2OO ce1le

for each treatuent. lbe þ¿sLgrouud count dld not exceed

one graiu per cell. arrêa Ln the slldcs exaninsd.

3.2.4. l{uclelc acLd gll¡dLer

3x-u-r¿to" (urtarne r(c)r Bpêcl.fl.e aetlvJ-ty of 2.18 c/a\t,

Radloch.aricaL Ce¡,tre, .åoerahara) rar used to foll.or Rl{A

s¡rnthesl,c. 3n-u"t¿tne ras lncluded ln t'he cul-tr¡re uedl-uu

at a coneentratl-on of L-2 Vc/aL and the cultt¡res yero

sa¡np]-ed after Or316rL2r24rl+8 ana¡d. 72 houra of l.neubat1on at

3?oc.

thc tee.Irulque uaed to d.eteruina tlre l.ncorporatlon of

radLoactive precurtor Lnto RllAr ras adapted fros that

degcrlbed by Cooper and Rr¡bln (rp6¡). thß ctrlture¡ rcrÊ

saupled after Lncubatlon rl.th procr¡raor by placLng tJræ ln

an iee bath to lnhlbl"t actlvlty. Ífrc cuf.turec ror€

centr1fugcd at 8Oo x g for 1O mLmrtes at l+oC' Îhe sup€r-

reatarrt ra6 dLccardcd aad tbe cel.1 hrtto'n rar ra¡hsd, onee

ul.tb cold HBSS. the ccll¡ ucrê tbcn fJ.xed rf.t& cold cthyl

aLcohol-aeetl-c acid flxativc (3rf ) fot 1O ulautec. îhc

fL¡atlve ras rcúoved by centrffugatlon and tbe cel.ls y€rG

stored at llo0 orrernlgbt tn 70* etbyl elcohol. On thG ncxt
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day, aftcr th.e alcohol. had been removed¡ tlre ccllg rêre

extracted rith Zfi percln.loric acid (fC*) for !O nfnute¡ at

4oC. the e¡tract vas d.Lscarded and the csl.I.g rere raabed

o¡ce wLtJr frest1 cold 2fi eCn.. ltre cell h¡tton vas thcn

extractcd rLth 1-5 ml of ].}fi PCA at roorn teupenature for

J hourc.

L-2 n]. of thla acld e¡tract rag l.ac]-uded Ín 14 rnl. of

scintí].I.ator ar¡d eorr¡ted l.n a Packard Sclntl}LatLon counter

(uoaet 3oO2). ll¡e acl,atl.I-Lator ¡a¡ lrrepered frø 1 l.ltrc

of dloxanc (AR graae, May and Ba}er Ltd., DregLan¿)¡ 1O ng

of Napbt?ralenc (Laboratory grade, ìlay and. Baker)r 2JO ng of

lr¿l dl. (z-(! phcllylo:razol.yl)) uenzene (ronon, AR grad,o¡

ünJ'ver Byproductc and Chernlcals Pty. Ltd.¡ l{.S.lf .¡ Austra1ia)

and 1O g of dlplrcnyloxazole (ppO, AR grade¡ UnLvar) and rac

stored Ln an op¡quo bottle aray frq l.lglrt.
3U-tt¡-fdÍne (fnynf¿fns 6-T(n), specl.fic activity of

22.! C/øII, Radioche¡n!.cel Centre, Arnerahan) va; incJ-uded Ln

the culturc usdLurn to fol1ov DN.A' eynth'egl-g. L¡mphocyte

culturer rcro pul.re-labcllcd rLth thl,s p¡ecurcor at a

conccntratLon of I ¡te/aL fn the sedlum for I- trour after

24¡ 48 and ?2 Ìrours of LncubatLon at 374C. Afùer Lncubatlon

rLtlr pnrsurtorr oxcrts ¡¡edlus rec addod to ttrrs ctrlturc ¡nd

tt¡e ccl1t rcrê pr.,slrarod for autoradLograpby in tlrs Eannor
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degc¡1lbed prevLously. Iû tJ¡esc experluentlr the l:mpbocytes

'rene cnlturod Ln nedLuu supploucnted wl.tb 25* au*o,logoua

pt aaua.

3.3. Ílaerrl t¡

3.3.L.

FLgure J.J. ghows tbat ths total" tynthssts of protoLn

Ln the call- aupernataat aad celJ. extract fbactLong occurred

at a stcady rat6 l'n plaaua-free Esdfu¡u for tho fl.rst 12

horra and. ce¡sed efter 24 lrourlr |.acubati.on. Vory l.LttJ.e

release of pnoteln took place fr¡ou tJre cel.l l-nto the

cupernatant durlng tJre flrat 12 hours of Lncgbation. Mo¡t

of tlre protetn i.n üre cell aupernatant fraction rar re1.eaced

sfter tbls tl.uc.

PIIA gtimulated pnotel.n syntJresi's as lneasured by tùa

cell extract, ce.I.l aupennatant and celL debr1s fractlonc.

îrl,c substance lncreased tJre incorporation of l4c-I.eucine

lnto all. of thccs pnotel.a fractlottso In gtluul.atcd

cultures the tl-ue-course of cynthesie ïat cl.nl-l.ar to that

1n unstluul"ated controls. lberc vaa a couparatLvely nall

auouut of prccursor lncorporated Lnto the cô11 debrLa fractioa

of ungtLmulated cu]"turca eoupaned vl.th ths a¡¡ouat lucoqporated

Lnto the debrls of the PIÍA atluul.atcd. ecl1g.



Flg, 3.1. TiES-qoufllô-of lrrotêln aYatqgala, bv lYEDho-

crrtco il¡r olasma-frcc upd'l-un

Tlre c¡togorlês rsprésent th€ follolr.lngl

.À - Radtoactivc proteLn rcleagsd into tbe medíun

(refcrred to ar ecll euperaatant frsctLon in the

tert ).
B - nådloactLvc ¡roteLn roleasod by freezlng aad

tlrarLag t¡e cel1s (rcfarrcd to ar ccLl extract

fractioa ia tlrc tert ).
c - lotal no¡ ceLl-bound prîoteln, rùlch i.c the 3rn

of categories A and B.

Ð - Rad,loactlvc prclpLn in thc cel1 debrLs uhlclr va¡

not rcLeased by freezlng and t¡aulng (re¡erred to a¡

eeLl dabrle fractlon 1a tbo te¡t ). t6e eouats l'n

tbi¡ fraction have beæ correctcd for ca¡tier protoi1

diLutLon of the other fracüLons. tho re€uLts are

tbcn conparable. tb doteruin¡tLoa of the radlo-

actlvtù'¡ in thLe fractlon Yat probably lnaccuratc

becarre of unGvon dLrtrlbutl0n of coLlular debri¡
over thc fllter PaPGr

1!16 c¡mbola O repreaont deterr¡lnatlons

sade vitlr unstLrulatcd culturca ånd O
represerrt deternLnrtos nr¡rde wltb PHA-stl"uulated

culturc¡. tho ¡tandard devLatl,oa¡ of tlre trlpLtcate
dstcml.nstÍoac are ghorn La llrc fl"gure.

the Lncorporatlon of radfoectÍvlty bae bcen

exprerasd. tr, trc uayo. (r) Cpu refcrs to the

actual cor¡pt¡ ¡nr ulautc in thc fractlon elamlned.

Q) Couate,/1o6 ccllc/pc/urhr,.¡ reprcrerrtc the auubcr

of couata exprottod per 1Oó ee1lr cultuned' and

coffectcd for a concætretion of 1 pc of l4c-Le,rcine

Ln tbe nsdlun.
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Figure J.2 shows tbü thc tløe courae of proteLn

cyntJrecLe by l¡ruphocytea Ln uedíun coataL¡i¡rg 25* plaaua

yas sl.mil.ar to that by thc cel-ls Ln uediun rltJro'r¡t placua.

the reJ'ease of protcin frou tåÊ cclls to tbe su¡rernataat

durLng lncubetlon took pLace lecs rapl.úly th¡n ln plasua-

frce uedÍuu. thê J-ncorporatlon of l4C-teucine lato tbe

ceLL debrLs fraetlon uag nuch greatcr Ln tJre cul-tures

æntal.ning pJ.aena. lbe degroe of etl.muJ-atio¡e of e¡eb

category of protcLn cynthesls by PHA uas sfmi1ar Ln botb

ty¡res of t¡cdir¡m.

3.3.2.

lìhe etLrnulator"¡r offect of PIIA on 1yupbocyte protcln

syn*beeis ia plaraa free nedium vas doEe dependent (ffg. 3.3).

At hlgh coneentratioa¡r PHA dld not stl.mulatc lynpbocyüG

proteln synthesle but had a eJ.igb.t Lnlribltory effect. The

optl-ual concentratlon of PHA to rtlmulate proteLn a¡mtherl.a

lac uced l.n otudLe¡ rl'th thls batch.. lfh,æ oùhsr batches

6¡ PIÍA rerÞ uaed, tbe optirral co, centration for cach ra¡

aot deteruLned'. Tbey rare u¡ed at the optlmal concentratl.on

detertined frou FLg. 3.3.

In plar¡¡a-froe ¡¡edÍuu aoms batcbee of PHA d,l-d not

stluuLate proteln c¡mthcs1c, ulræ uaed at thts optirnal

concentratLoa aad Ln tone Lngtanccs r¡rathesLt raa dcpresced.

,Th-- ¡-rr--^-^- -4 -l---¿--t--^*^--1--4¿-¡-



Fig.3.2. t¡J*^ af **{ral* am}laaa{ a llrr lr-¡lra-

a

the categorLes repzìDtent the followlng:
A - Redl-oactlvo proteln reloaaed Lnto tlre uedLuun

(referred. to as celIa.¡pernåta¡rt fractlor¡ ín the tert).
B - Radfoactlve protol-¡t relsaood by 3¡sgs{ng and

thawl.ng tbe cêl1s (referred to ae cell- extract
fractLon Ln the text).
C - ÎoùaL noa cell-bound¡rotcin¡ sbl.clr ls the Bum of
categprlcË A and Bo

D - RadloactLve proteln in the celJ" debr{o whLclr was

aot relaased by freczLr¿s md tb,anLrg (referred to as

cêll debrle fractlon 1n tha tcxt ). th.e counts fn
tb'l-g fractLon have bsen correctcd for caml.æ pnotela
dilutLon of tbc oùber fractl'oac. Tbe rcsultg aro
then conparable. thc detcrainatlon of thê radl,o-
actlvl.ty 1n thLs fractlon raa probably Ln^accurate

becauce of uaeven dLstrlbutLon of cel"Lular debrig
ovôr the fi1ùer ptporr

Tbo c¡mbola O represent deternLnstlon¡
made wLth. urrstLuulatcd cuLtr¡res æd O
rcIrf,êsollt determl-nates nde sLth PHÁ'-stLnulated

culturcc. the standard dcvlatLonc of ttre trl.pl'ieatc
dstemlnations are aborvn in t.Le fLgure.

llre lncorporatLon of radl.oaetivl-ty bae been

oxpreesêd f.n tvo ra¡rs. (r) CEt- refers to tbe
actual countg pcr minute {n tbe fractJ-q'a exaufu¡ed.
(z) Counts/1o6 ce11o/¡rc /urtrn.r ¡fleprereuts tba nuubcr

of eounts erpretced per L06 ceL1a cuJ.tured. s¡d
corrccted fbr a eonceatr¡tion of L f¡c of l4c-teuclne

Ln tlrc uedfun.
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Fi6. 3.3. g¡ltecü of PIIA on t4eJncorooqatlon of

l&C¿Gucilr" into protetn Þv hmPbo'rtâs

*!r ol"a suq-fF$lÊ-FedfuF

olrc vLal of 5 al drl"od e¡tract of PHA (natcU

K?3r+6) rea rcoonotltutcd uLttr sallno aad added

to tbe sulturca. the conecatratLoa ia ex¡rresaod

in terøs of mierclltror of reconstltutsd PHÂ per

m1. Tbe l¡¡upbocytce rere eultured ín sup¡rleuontcd

Eagler¡ nodiun proltarod rl'thout llucLne' 14c-

leucl.ne uat. Lacludcd in the uedluu at a concêÊ-

tratLon of O.2J ¡tcføL. Dactr culture contalned

2 x to6 ce].ls.
1l¡e lncoqporatlon of 14c-1""tl.ae has beea

oxprelaed aa¡
(f ) CpM repr.e¡snt¡ the ¡cùr¡aL ccrntË pêr ninute

la tbe TCA preclPl.tate.

þ) Pcrcent Aetlvtty is deflned as the

CPM in PtA-¡tlruLatod culture

CPM tu un¡tiuulatcd culturo
x 100

1
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A1¡- PI{A batcber ctiutrlated l.ncrcased protela s¡ratbsat.a

rhen tJ¡e ilmphocytea werc culturcd ln medlum eontaln{ng

pl-aalla. In both typer of medlu¡n tlrc degree of ¡tLrnul.atLon

by ttre sæo batch of PIIâ. varlcd vl.tb tbc l¡ruphocyte donor.

Corn¡erscly tlre ctl.ûulatíon of prþtol.u, e¡mtbric by dtffercnt

batchc¡ s¡ PIÍA., rhLch Tere used Ln thc r¡edl.un at the sau6

concantratLonr varlcd rben tc¡tcd r1th l.yupbocyte¡ fron

the gane donor. Ïrr placua-frce uedl-un tho range of

aùLm¡1atl.on by PffA varlod frou tvo to five tLnea the

control Yaluct.

3.3.3. Incorrooratl.on of 3ll-lcueLne

Table 3.L ¡bou¡ t|ro pcrceatagc of ccl1r.labcJ.J.ed

ard tho uGart gral.T count ¡nr ccL1 l.n PHA stl,ûuLated and.

uu¡tLuul-ated culturor, rhLcb rcrc aaup1ed at varlou¡

tù¡ee dr¡rtng l-nctrbat!.on for 24 borr¡. A LeLghsr statned

snear olf tbo }y-npboqftc ¡rrcparatLon¡ prlor to crrlture

L¡ ú.own 1n Plats 3.1(a). Ccl1r rbicb havo Lncorryorated.

3H-].eucLne ar€ ¡horn Ln Pl.ate 3.t(u).

Forty-pereent of üh,e cel1s;ïere labe1J.ed ira unstinulated

culturee after 2 hourct incubatlon. lbe value r¡ose to 62-68

percant l.n the next 1O lrours '-nd fell to JO percent at thc

end of 24 hourg. th'e uean grairr count rose sharpJ.y from

4.6 at 2 hourc to 9.5 - 10.6 durLnt the follorrl.ng 4 hq¡r



lable 3.1. Ineornorrt!.p+ of 3t-t¡ue{ne bv, lrruoho-

cvtcÇ ln.ol¡rnr-fro¡ urdl.pu

L¡ruphocyto¡ rcrc cultu¡cd La l-racl.ae-frcG

au¡rpluncatcd Dag1ltr nodt.r.n. E¡eb cul.ture €oa'trt'acd

1.8 ¡ I"o6 crll¡. 3E-L¡1¡6¡¡¡ t"t Lnclud,ad. 1n tlrc

oulturr¡ ¡t tüo tfuor lndlcrtcd rt e coæo¡Êratloa

of 1 pc/u,l-. Âftcr L¡cubatloa rl.th prasursor for

1! uLn. r tb. etl.l¡ uero prr¡nrcd for sutorrd.to-

grapby. fb þack6rouad trrtn csuat ran Lo¡¡ ttrre¡

I grrlrr prr erll. trcl¡ Eaab rcæ ra¡ ol¡talncd

by couutüg aot 1or¡ &¡a 2OO col"h and fr glvø

1a tbc tablo rl.tb 1t¡ ¡tand¡rrd d,rvl¡tfon (Sf).
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Lncubatj.on pcrl.od. Aftcr 2lr bour¡ lncubatl'on¡ tbe uc¡n

graln couat fell to !.1. PHA tn tlrs pcd!.un incrcaøcd boùh

tbe uean grtln courrt end tbo porcontage of labtlled eell-s

Ln tJ¡e culturc¡ coupered ultlr tho¡c value¡ Ln un¡tluulated.

cdntroXr. Irt stttiulstcd crrltuforr the percêatago cf

l.abc].J-od ccl1¡ rae 811-90 durLqg t'bo firr¡t 12 hours of

Lncubation. 1b,e uean gr¡ln couat Lucreased fron 11.O to

1$.O durd.ng tbc fl.r¡t 6lrour¡ and rcnafned at 10.rr - 1O.2

for tlre duration of tlro Lacr¡bat1on tlne.

Lyuplrocytea¡ potr¡ruorplrr rnd noaocyte¡ l.n nl.xsd loukocyte

cul.turca lncorporatca fu-tauel.æ, Platê 3.e(a). l{o label.]"ed

cq¡rthrocytc¡ rcro tcon Ln tbc¡e prÇparatlon¡ or Ía tJ¡c

prcprratLoar of l.abelled l¡ruplrocytcr.

3.3.4. &¡sL@
lbe tl.uc-cor,tFrG of RIIA 4rnthcaLa by .lyuplrocytor cultured

f-n pl.a¡rna-frcc nodl.un 1¡ elrora 1n Ftg . 3.4. In unrtl¡¡ulatcd

eulturcs, l¡mtlrc¡l.l contlnuod rtcedLJ.y for l18 hour¡ and

öcll.ncd aftcr ?2 bourr l.ncub¡tl.oa. PIIA rtl.ur¡lated narkedly

tlra rynthe¡le of RXA by L¡raplrocytt..

Cel.I' deatlr, uhlcù, occurrcd at a rtaady ratc vhcn the

ceJ.Ls rcrG culturad l.n plaaua-frcc ¡¡edÍr¡n (C¡aptcr e,

¡ectLon 2.3.2.1, rer a fector !-nfLuoncl'ng the fncotlrorati.on



Pl¡tr 3.9. LtpFoÉ?ùo lqll..l,rmnhRgtrûc.,1*rqrAettop¡

(a) snrar of ¡ uLxrd hukoeyto pr'.InnÈlon¡

rtal¡rd ü:|.tb Lrú,rha¡¡¡r rr ùorln6 lnoo rporet!.on

of fu-1"uol'' '

(U) Ëa¡rr of ¡ f.yepbooyto þr.psrrtlon¡ ïtriüilr

ä¡d, bccn ineuþrted rlf¡b fu-ü¡fnfdirrc ¡ftor

Laoubrttora l¡ åIÉ rutologour plr¡¡r urdluu vltlr
PtA for 24 bq¡r¡r rhwing Lnoorryorrtion of pro-

ollrrorr lbc onllr b¡vr brn rüaLacd utth Lr{lhrnrr.
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FLg.3.4. lPh¡ t{n¡ .!Íìrrñra af RlÛÀ rrrntlrac:ls trr¡

l.riur¡boe'¡¡tca crrlture.d ln qlegua-rTeç
gEE¿¡¿It

ÍI¡e cêLt 8 roro cr¡l,turod yl.tb 3H-urldlae at e

coacontratloa of 2 perlrnl. lotrl culture voLunorr

rsalc 1 nl aad Rl{å' uat dctesnl.ûcd rt yarl.ou¡ tl.¡er
eB dcÊcrLbed in tl¡o me tbods. thc ctrlturos
contålned lf .5 r fO6 cs].I.r.

tr rGprslGnts dotorul-rl.ationsuade ln
PtÀ-ltiuul'rt ed cu lturcr

O repraroü! dGtcruinatLoa¡ nade lll
colrtrol eulturcr

fb, dctcrriaatfonr rGrG nadc la trLpll"cets.
th,e ataudard dcvl¡tlosr of thc valuo¡ b¡vc been
l.d,Lcatcd. lbo LncorlroretLon of 3ff-url.dine tras

bccn o¡Irrorrod r¡ tlrc rctuel. couut¡ pcr 2O sLmrto¡
Ln 1 uL of th¡ 10É pC^ c¡trrat (tot¡t yol'uno¡

5 ul) of ûb tanploc. îba c¡traet ra; cotr¡ted
l.u 1lr 11 of ¡clntillrtor. thc rcults hava aot
bcca corrcctod for t¡be cfflcl,onqf of ttre couatcr,
or tl¡o auount of qurnchin6 by tht aanplo cerrl'ar.
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of radloactlve prscr¡rtor l-nto Rl{A by l¡mphocyter vhca tleey

rêre cultursd for l.org ¡rcrLode of tl"me.

Incorlroratl-oa of 3H-¿¡¡,6idl,nc l.ato PHA.-stlmu!.atcd

cal1a rac ob¡err¡cd an carly aa 24 hours (pt"tn 3.¿(t)). At

tlrLg tf.ue Z6* oî the cel-l.t lncorporated trrresurtor. After

LncubatLon for [8 md f2 houra¡ Eany of t]¡e stiuulated

l¡mphoclrtes dLcintegrated durlng preparatlon for autoradlo-

graphy¡ despLte th,o fact thåt tlre cet.I.s ï€re cul-tured ln

medLuu contaLaLng plaana. No ccl1r ia tJre unctl.ur¡lated

c¡lturcn laeorporatc¿ 3H-th¡mtdtne at any tLme d.urLng lncubatLon

lar 72 hours. The ¡rercerrtage of cel-l.s l.abcll'ed 1n PEA-

atlmrrlated cu].turct ïa3 not reoordod after 48 and 72 b¡ou¡rs

Lneul¡atlon.

3.4. DLgcr¡eeLon

L:nrpbocytee cynthosL¡e ¡ol.ubl.e proteln reLeated frou

the cel.J-s durl,ng ÍnsubatLon and by frcezl.ng and th¡rl.n6.

Tbey a.l¡o ryathe¡l'¡c l.nrol.ubLe proteLn not ro1oaacd froa

the ceLl.¡. Thc tluc coursst of prctel.n e¡ntlreelc by l¡mpho-

cytøs rere ¡l.nL1ar l-n rncd{r¡n ¡tth or rltl¡out plarna. lhe

a¡nthccl.a of s<rl.ubJ.c protola contLmred steadlJ.y for 24 lrourc

!.n tbe foruer and for L2 boure Ln thc latter. Protcin wae

releared earl'Lor lato thc ru¡rornatant by thc ceJ.l.r'cultured
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in plaara-froG ncdl,r¡n. llrlr probably ral a rcfloetlon of

tlrc greatcr rate of cell dcetlr errd lyrLr of thc oel1¡ 1n

t?'l¡ aedl.ur¡.

xbc bulk of proteLn ryutb¡ri¡ by l¡mptrocytoa hed bccn

coupletcd by 2& bourr tn botb t¡rce of rncdl'a. MorcoYcf¡

l¡nrphoq¡tcr su¡rlved ycll 1n ædl'a for pcrloda of culturc

up to 2l+ bour¡. Ât thlt tl¡rc S)* to 94f, of tl¡e cell¡ r6rc

wLablc l-a plalrrr-frGc ¡cdLr¡¡¡ rbllc 97* *o 99* tcre vl¡b¡"a I'n

plaama ncdLun (Cf"ætcr 2). Îbc uor¡rbology of t'h'c cell¡

¡urlT'lvlrn€i ln plarn¡-frGc nGdlrn at thf.¡ tl,¡c ruggcrted thåt

üany ïGre ectivs (Cfrapt6 e ) d thc uptake of 3u-lcn¡cLrc

bV 5Oí of the ccll¡ eonfLncd thl¡. the¡a data ruggclt tbat

2lr lrorrr ¡ould bc a ¡uf.tablc pcriod of eulture for ¡tudler

of protcl¡ ¡Ylrtbcll..

lbrer cæponcatr of protcla ryntb,clLa rcl1t ¡rrrlyrcd

Lrr ås ttro e(nr3o ¡trdLcl. thc¡c l'nclude ¡

(f ) euperrrtaat protcf.n roloercd Lrrto tho ucdlun þy fþc

ccl-lr ö¡r{ng iacubatlont

(ff ¡ protcia rcloerod fron tbo cell¡ aftar lncr¡batLon by

frccr1ng end tharLng¡

(fff) csll protcla not rolearcd by frccz1ug od tha¡lnt.

lbere ¡tudle¡ vould not daonrtrets thc ¡lmthe¡l¡ of an aeLd

rolublc rucleopnotcia¡ uhl-clr he¡ boen re¡rortcd to bc ayathcrLrcd
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by l¡mphocytoa (lcillrnanr t!. åL. , 1966 ).

PHA gtluulated thc ryntb¡¡i¡ of ell of tlre¡e cetcgorlea

of ¡rrotein. thc br¡rgt of protel,n aynthc¡l'c ln rtin¡l'¡ted

cell¡ prôcodôd the olract of ultotl.c actl,vtüy tn theac ccl1r

as ind.tcated by ÙIrc uptalcG or fu-¿¡¡'sidlac' Ths rclttlondrfp

betuccn tùe tro pbaon.na Lc not kaota. It l"r tæpting to

postulata that thc lncree¡c Ln protria rLtlrin thl crll 1r

re;ponol,ble for tlre onrct of aLto¡l¡r but Eoro evfdcuco 1¡

nccded to clartfy thLr polnt. In both unttlg1rlat cd ¡nd

otLnulatcd culturrt tbcrl ¡at lncorXror¡tion of p¡rlçlurror

Lnto tbe cel1 dcbrfu freetl"on. thl.¡ fractLon E¡Jr rcPretcût

p¡rotc1n tcot roLcancd by frcczJ.nt and &aving but a fr¡etl,oa

rolca¡gd frroe ccll¡ by otùor proccdurct. T; ¡tinuletad

culturgr en fu¡crett€ in tbir prot¡ln frectíoa Ia. Probably

a¡¡oc1¡ted rl.tb prcp¡ntloa of tlro ecll.r for nltolJ.t.

lb,e ¡tl.rrt¡1atory sffcot o f PHA oB tbÊl.neorporetlon of,

t4"-t"rr"1ao by l¡rrphooytcr rar dom-dcprnd.eat. tho lff¡ct

of PHA on J.lnapboqfte ¡nlto¡l.r h¡ rlto broa dæoantrrtcd to

bc dore dc¡rondcnt (ff.cUon¡yr 1964). ALl batchcr of PEA

rttrulatrd lncr¡¡¡cd ¡notof.n ryrrtlrcrl'e fn cultu$lt eonüalntn6

planna but th¡y dLd ¡ot rlnyr stlrulrtr lyuphoqft. prot.la

a¡mtborl,e Ln pl.elrra-f,rct rcdl'r¡r.
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Each batch s¡ PHA, lr teated agafnrt an arbitrarlr

standard to cn¡:t¡re unl'forælty in egglutlnatlng and nltogenLc

actirri.ty but tt 1¡ not te¡tod for lta abil-1ty to ¡tluurlate

lyuphocyte protcl.n r¡mtborfs (Eurrougb lfel.lcoue fnforr¡ation

Parr¡¡hlct ). Kolodny and Hlr¡cblrorn (IgOI+) Uar¡e reportod

that thc ca¡racLtiee of PHA to agglutt'uate red ô111s

and to ctlnuLate uitotLc actlvity ln ub.lte celLs rc¡l.dc fn

tro dlstl.nct ccparable fraetLon¡. It ir poaoibie tl1at the

ca¡racLty of PtA to gtLtulatc protel.n r¡rnthe¡ls re¡Lde¡ f.n

anotber fraction of th'e PIIA prcparatlon. At a coaðÊqucnco

the optLrnal. conceatrat{on¡ of PHA batches to stLrnul.ate

protein s¡rntlreal.s GeY dLffsr.

Ulren ono batch of PIIA ua¡ tseted at a range of

conceatratLon¡ for l.t¡ abfJ"l.ty to ¡tiuulats lynphocytc

proteln ayntlreaLs¡ J.t vae inhfbl,tory at concentratlonË ten

tLuec that vbLch ¡tfumrlated optimal. protein r¡mths¡lt.

Batcbct 6f PHA¡ rhLch dl.d not sttm.rlate ].¡mptrocyto proteln

a¡rnllrecÍg at thc concentratfoac teated, nay be atinulatory

at 1orcr coneclrtratLms. Plaeua uay nodLfÏ tbe actLo¡ of

PIÍA by rcduclng ftr concentration 1n thc mcdl.un. 1þ13 vould

occur tf PtA ras bound to p].ema ¡rroteint.

The poccLbl1fty ut¡¡t not bc e¡ci.uded tbat varl.ouc batchea

of PHA contaiaed cclt toxlncr rþieh ¡rGre aetive Ln placua-
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free medluu but rere lnactLvated by pLasna fn tbe nediuu.

Lynpbocyte proteln synt}resLs rhen followed by autoradLo-

graphl.c technJ,quea ahovcd na¡Lur¡a actLvíty after 6 hours

Lncubatloa. the increase l.n tlre rate of protel.n slmtJresla

as rreflected by an Íracre-aec ln tha uaaa 6ral.n count durlng

tho carly period of Lncubatlon uay rrf1.oct the recoverlr

perlod b'y thË csJ-lr frø culturs prielteratLorr pnoccdurer.

Iu PHÀ-rtíur¡latcd culttrrc¡ tlrl¡ affoct vould be r¡agkcd by

the atimulatorlr acülon of thl¡ rubctaæG on' protcl.n

s¡rnthe el'a.

lb'e protel.n ¡y¡thc¡l.s actLvity of l¡rrnpbocytcr foLLorcd

by autoradJ.ographlc technLquca örrl.ng Lncubatl.(m corrolated

sell ritb thc quantLùatlve tl.ne-cource otudy of protel.n

synttresis l.n plaama-frca leodlrn (¡ectLon 3.3.1). PHA-

etLmrlatcd cr¡ltures contalned a greater nrmber of cel-ls

rhJ.ch Lncorporatcd fu-1"rr"1o". lbese cell¡ af.so h¡d a

grcater rnean graiu carnt tban tlre cont¡nols. Acti.ve cellc

ln bottr uastiuulated s¡¡d PEA ¡tlnulated ctrl-turca nay be

hetcrogsrreoua rlth rcslr€cü to tho tLpe of proteÍn tbey

s¡netlrcelse. f.or e¡auplcr thr fluorcscsrt antlbody tcchnJ.que

hac drosr that a alnorC.ty of tlre eella Ln llmphocyte cultn¡rct

eontaf-n detcctabls aount¡ of tb,e Lrnuunogl.ohrll.an (V"rr F\rrth¡

Lg64).
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PIIA narkodly atl¡¡ul-ated tlre lncorporatlon of 3ll-1¡rl.dlnc

by lyupbocytcs {nto Rti[A. ActLnouycln D blockod tlr,e lacorpora-

tlon of ¡rrccuraor j.nto PflA-stlur¡latcd. and unstluulatcd ccLla

(Chapter 6, roctlon 6.3.&). thc¡e d,ata cug6ect,

(f ) tlrat lyuphocytc proteln cyntheaís LE d,ependent on tlre

contl.nued s¡ratlrerf.a sf ¡¡-Rl{A, (f¿) th.at PEA. Ls abl,c

to stLaul.atc an incre¡re ilr tlre productlon of E-RlfA.

lbj"1e PflA Lncrcæed protcl.a tyathcsLs noÈ Eone tbå¡o

f.lve tl¡¡os Lt lncrea¡cd l¡ruplroeytc RlfA c¡rntlreala by tO tlncçr

rheo. Lt uar Lnehdcd f'n pl.ar.la f,rce uedfi¡n. Ia ttrl¡ medÍun

l,¡nptroqyte Rl{À c¡mtboaLc oontlrrucd for a ur¡cb J.øgcr prrlod

tban protein c¡mthaaLs. tbl-c ooeur, ed flot.h, 1n PIIA-

ctLmulatod and unstluuLat¡d eul,turer. Soyera], poreLbl].t-tler

nay bc offered to oxpl.aln th¡¡e dlta.

(f ) Ílhe RXA uay frrlfll- aoøe other fuactlon beef.d.ee thåt

of dlrcctl'ag r¡mthcrlr of ¡oluble proteLa, for crauple

r¡l-torir and ttrc proû¡ctlon of cel'J- bound protcin Ln

PHA-rtluulatod ecl.la. thc Rt{A uay bo concornrd rrfth

the syntbcsf's of acl.d co1ublc mrcleoproteLn¡ vhJ.ch

ras not lnvcltLgatod l.n tlrcge etr¡dLec.

(ff ¡ the mcdS.un rry bs auLtabls for tl¡e a¡mtboaLe of Hl{.A.

but not for ¡notein eynths¡1a by l:¡uphocytea Lncubated

for 1ong per:lodc of tl-rno. Protel.n cyathcal.c by

unctLuu].¡ted aad PHA ¡tlnulated cell-s crrLtured. 1¡
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acdl-r¡m contataJ.ng plaaua¡ e¡tord.ed, for a al.allar tLns

to R!{A ryathorle by ttrrc cal1s cuJ.turod, iu pl.aan¡ frcc

u¡sdl-un.

(ffi) In stl¡sr¡letod cultureo urLdl.ne nay bc J-ncorporatad

Lnto botb DÌ{A and DNA¡ DD¡A eyattrroefr yer dctoctcd ae

carly ss 24 houn l.n tlrcrc cuLturat. the rnctbod rhlch

rer u¡cd for tbc roparatl.orr of tlross tyo fractl.onr

dLd aot proel.udo thc poarl.b{I.Lty of DNA eontaulnatLng

tho mlfA fnctt.ou.

(fr¡ Ïlee greater LncrGaac la RIIA r¡nrllrecls coupared. vl.ttr¡

lyuphocyte proüefn r¡nrthsrl.r carred by PEA may be

aaroeLatcd vlth u' oycryroduetl.on of ¡!-RlfA. Coopcr

end, RubLn (tg66) ob¡cnod tbat l.n t yuphocytee nuclr

of tl¡e PlÍA-atlrtrl.atcd Rl{À dLd not bscms l.oce1ized "

ylth the rLbo¡oue¡ after r¡rntb,ccls. Îhey cu6gest

tbåt thLs c¡rnthecÍc roprìê¡æts tb productlon of largc

quantJ.tl'ot 6f s-Rl{A, probably as a reaul.t of tlrc

abrogatLon of noma!. t"j"tf"tory proeesrar by PHA.

SyntJroslc of: Ðl{A by l¡nuphocSrtes trae been reported to

begJ.n 24 t¡ours after the ad.d.LtLon 6¡ PIIA (notttno, Lg6r+).

In tJre o:cper{.ments reported l.n th,í¡ ctrapter PllA-stluruleted

ce].l-g began to lncorporate 3E-¡¡¡rrnld.ine after LncubatÍon for

2l+ bours. I{hen theae cel.].s werê raupled after 48 aad 72
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lroura l.ncubatl.oril Ea¡ùy of tbe cell¡ nrptured ü¡rfng pfepafa-

t:!on for autoradiography. For ctudlas at tlrece tl.uea,

better f,sprñl.qu3¡ for the ¡ncparatLo'n of tho mcar¡ ou,

gclatLne coatcd rlLdes Ea:r ovareoüo thl-¡ pnob1-cre.

Sasaki arnd lfon¡an (Wee) bave reportod that PHa-

stfuulated llnophocytes ln vLtro complcted cell enlargrent

aftsr 2ll-&S boursr LacubatLoa a¡ld began cel1 prolLfcratLon

at tbl¡ tire, uLtù a g:eneratLon tLuc of 22 bour¡. lbe

reaut.te reported bcro cuggoot that lay of th.c ¡tLrnulated

cell's lrave ft¡al'¡hed transformetLou by 24 hourr¡ aad ero

enterlng l-nto the phase of ccll' prrc1l.feraùJ-on anrl DÌ{.â.

cprthcal¡ at tJrc end of t}lf¡ tLuo. Tbege data Ero Ln

agtrscmerût rLtb Sa¡okl. and l{o¡uanrr obsesatÍong.

fn atl.m¡:.ated eultursr tl¡e ruddea fal'l of thc lncorl¡ora-

tl-on of 3H-1¡pLdine at 118 boura and rLee at lZ bours uay be

aasoclatcd rLtù a fal.l. ln RIS rynttrrecLs arrd l-ncrea¡e ln

DM almth.erl.e, slncc 3H-urLdLne Ls lacorporated Lnto botb

nuel ef.c aeldo ad the preparatl.ve uetlrods dLd not erclude

the poscJ,bLllty that tbrr RltA fraetlon. rcrê contasl.nated

wl-th, Dl{A. Houeverr both ce1l. dcettrr and tlre vart'abl.lity of

the trC.plLcate detorulnatlom wbl,cl¡ u€ro uade at tlrcge tÍuor

made conc].usionc dJ.fflcult,

lbe cüroice of a bettsr nedLun to cupport l¡ruphocyte
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groytb for longer perloda is necessary for further

investl-gatf.ons Lnto these probJ.€oso In addftlon, tb¡

adoptLon of bettsr preparatlve uethods for tlre æalyals of

RlilA rrould assist 1n prevøratl.ng confuslon vLtlr Ðl{A cynth.esLr.

The sttmulatlon of pnoteln and. Rl{â, tyntbecl.c of

l¡mphocytes by PËA occurred concureretly (¡'fg. 3.1 sd

reveal any tlne lag betrecn thors tro qrent¡. îonJ.l.1r

e$, gL. , (tg6ø) ob¡erved rl.¡nft.ar ftndtn6s lry autoradlograpblc

examlnattorr of J-¡nnphocyte cs1lc rhlclr had l-acorlporated

radl.oactLve prnecurroler îìhece vorkers have dl.scussed thLe

evLdencs rf'tb re¡pcct to r protcin r¡nathral.s regulator'¡r

uechen{ sn dcrarll¡rd by Stont (tg64), i¡ rbl'clr tbc rcgul.aüon

qf ¡-RNA ft¡nctlon l¡ brurght abq¡t ùy varl.atlona Ln tbe

ùntra-cellul-ar avaí1abL].Lty s¡ f-RXÀra. Ihey cuggeet tbât

PIÍA is ebJ'e to inereaae tbe avall'abtl.ity and c¡mtJresL¡ of

¿-R$4, rhj-ch vorrld l.ead to fir1l activaüion of m-RlilÀ in

l¡mphoeytGs. Aecordl.n€ to thÊlr poetu1ate an La,ercaae Ln

botb. proteln s¡¡d 6-Rì[4, ¡:mthesl.r rould foJ.J'or.

llre r¡arkcd Lncroaoe Ín the RldA:proteln ratlo ln PIIA-

stlur¡latsd ccl1r docs ruggest the werproduct1on of ¡-RlüAr

but part of tlrLe syntheaf.s ¡lay al.go r€presont an Lncreace
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Ln thc productl,o¡ of ¡-Rl[A.. ths ab¡æce of an obaarn¡ed

tJ.aa lspac bctvec¡ Lncr¡alca Rl{l -rld protel¡n cyntherla

in 8KA-¡tiuulatcd cal.lt La not ¡uffl.cLent cvr.dencc thst

Lt doer not oxLrt. Sucr' a tluc lapre øay bo yerîr ¡nr1!.

ånd orc¡pe d;teation Lre thc tt¡¡die¡ rc¡rorted ln tht r

chaptor. Ihtl'J. uoro i¡ kaorya rbout ttrre a¡mtheaLc aad

rveLl.cbflfty sf t-RNA Ln narsrl.l,¡n ccJ-lo¡ l.lttJ.c cæ, bc

d,ono to rocolvo tb,o¡c problær.

3.5. Sr¡mary

(f ) Suppleneuted Eaglcrr mdiur prepared rl.tlrout

I.aucl.ne end plasür .r¡pportcd both pnotria and

RNÀ r¡rnthceer by l.yuphoeyte¡ !n, trd.tÊg.

(a) Protela rlmthcalr by lyuplroc¡rtec co¡rtlnr¡ed for

12 lrourr l,¡¡ p1acna-frce uedLuu but cmtlrrr¡ed for

2l+ hour¡ ln plarna ncdlun. the data euggtrt tbåt

24 lrq¡rr l.¡ ¡ rultablc LnerrbatLoa tlne for protoln

r¡rathsrla rtudicr.
(f ) PHA ¡tLnulatcd botb RlfA ad proteln eynüraaLt by

lyrnpbofier but Lnererr¡cd tlro fonoer norla tlrrr'

tbÊ lattcr. L¡mph,ocyte Rl{A e¡mtbcsl.c la plalm -
frao ucdlr¡n contlmred for a l.oager pcrlod tbgn

protcl.n a¡nltlrcsl.r. therc obacnat{oac h¡tvc bccn

dL¡cu¡¡cd.
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(t+) the effect of PHA J-n placua-freo uedLum on

ly'ruphocyte protoLn e¡rnthorLs uas doae depcrd.enü,

but PHA tn hl.€È conce¡rtratLonr dl.d not ¡tfunu1ate

protcl.n cynthcalg.

(¡) Sor¡a batcher of PIIA dtd not stlut¡Late protein

r¡rnthca1t and Ln toug catoü rere {nrr{þ{$6¡-yr,

rhan l¡rnphocytec vere cul-tured i.n plaama-frãe

¡nâdluq. A11 batchoc of PIIA stLmulated llmphocyte

protol'n ry'nthaalc Ln plarua usdl.uu.

(6) PHå.-¡tlnulatcd l¡mplrocytcs began to J-ncorporatc

lU-tt ¡-fd.inc sftcr lncub¡t1on for 2l+ hours Ln

plarua rnodiua. Un¡tluut"atod ceJ.Ls dfd. not

lncor¡roratc 3ll-tly-Ldlne ô¡r:tag incubaü.on for

72 hqrr¡ l'a pl.arna rrsdLrn.

(7) f,¡nnptroc¡rtee¡ pol¡norpbs and monocytea Lncorporaùed

3g-teuctnc ar deteoted, by the technl'gue of auto-

radLqgrapby. Er¡r'tbrocytca dLd not Lncotporate

3H-1".ro1r¡", PIIA l,nelud.¡d Ln l¡mphocyte cultureg

Lncrea¡ed both the pcrcæ.tage of ccl,le lacorporatLng
3}t-Lsuciae snd. tlre æount incorporatod.
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CHAPTER. L

-
STNTIÍESIS

4.1' Int¡c¡lt¡¡¿t¿cg

It baa becn cho¡¡¡ th¡t l¡mphocytec øynt'be aLzad proteLn

rhleb. wa¡ rolea¡sd n¡d protein rbicb rag not relc¡¡cd frou

tbe cells by freezl-ng and, tJrarfrrg. Measur€rneat of thece

fïactLona brg bcen reported Ln Chapter 3. In thls ehapter

expcrlmentc are deccrlbed ln rbLelr ühc goluble proteLne

(i.e. tl¡oe6 relcaaed frou tbe cellr) have been luvectigated

by the teclrniquês of l¡paut¡o-ole etrophorealc (fnf) and auto-

radíograplry (¡n).

Recent evldence errySocta tb.et clrculatJng llmphocytea

ualce lmunog1obulLns, c 8Ã P g1obuLlns ¿e ¡6!tfg, (Vr* F.grth¡

Lg6U). Furthoruore, tlre for¡¡¡atlon rde novor of antlbody

by rabbLt l¡ruphocytes Å¡ :få.t¡g rac dæonstrated by llulll-ger

and sor.tsLn (:-gdt) end Landïr gt gL', (1964 )'

lhe aLus of t}.e ctil¡{Lee descrlbed Ln thls cbapfar rere:

(f ) To exa¡alno tþo urture of the proteLna syntheaLzad by

huuan llmphocytec {g I!ËiûQ. Plla-atlur¡lated lynpbocyte

products r6rs exmLned qualltatLveJ.y at var{-ous tlmes

dr.rrf.ng gr¡lf;ure.

(Z) to J-mreatigate tJre poeal.bLlt ty that lSnnphocyteg make

antLbody.
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4.2. Matcrl.als apd Meûhod;

4.2.L.

l^m) of oultrrrc flultl¡

CuLùr¡rac rihl.cb toro pæpared for ürese malycea urually
1r

contal¡ed 5-1O ni1l.1on ccLl.¡ and 2-5 pc/mL of 'C-J.eucLne.

The lyuphocytc protcl-nr ¡ùrdled by ttrrcse tschnj.qucr lacLude

the foüoïrln6 fractl.ons :

tr'ractLon I: Îl¡Lr fraetfon 1ncJ.uded the proteLns reloased

l'nto tbs eupernatant by tbs call¡ after freezLng and thavLng

thÊ eulturcs tbrec tLnec. A,1l tha coluble protelnc rclea¡sd

by tJre ce1la ù¡ntng cul.tun and tbo¡c protcLns not rc.Loaecd

except by frcenLng and tå¿vl.r¡g rcro nåaaurcd l.n tlrla fraction.

lbLs fraetlon Lr rcfcrrcd to a¡ thr cultr¡re au¡reraataaü or

culturc f!.utd throughout th{c tb¡r¡L¡.

tr\*aettpq-Ia: Thls fraction LncLudcd the goluble protel,na

relea¡ed Lnto tbc ru¡rom.rtaat by thc cell"s durl-g cultura.

thle proteln fr¡ctl.on. rar qquival.ent to the cel'l aupernatant

fractlon (Cbaptcr 3, cectl.on 3.2.2).

FractLon Ib¡ Ílro protel¡s not re1eased frou th.e ceJ.I.s

during eultr¡re br¡t rcile¡sod. by freezl.ng ærd tlrawlng rGrc

Lrrcludod Lu thl¡ fractl'nn. thj,g fractLon ryas thg .sue aa

thß ccl.l s¡tract referred to l.n Chapter 3 (gectLon 3.2.2).
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FractLon Ia(ceU. aupornatant) a¡¡d fractLon Ib(ce].l ertract)

rrere prepared ac dsscrlbed J.n Chapter 3 (sectlon 3.2.1).

lhess fractl-onc rGfe Ínvertl.gated l.n PllA-stiuulated cultures

calnp].ed at verlour tl.nes dur*ng Lncubatl.oa for 2ll bour¡.

thesc fractf.onr rsr6 exaul.ncd Ln un¡tLnu1ated culturca

after Lncub¡tl.on for 2tt hour¡.

Iho culture flu!.d¡ dti.cü¡ rGr'B ùo bc iaveatl.gaûed by

IDP an¡l .AR, ro!"o coneentrated m.d dLalysed fu Collodloa

bags (üeubranflltergsre1lachaft¡ Gðttlngen, C'emany) under

Yacr¡uur a6alnrt 2 x JOO 61 changra of ¡feoaphate hr¡ffored,

norual. ¡all,ne (p¡r 7,5) ¡ùfclr co:itai¡ed o. z* L?e-Lsuciae

at ,+oC. Î¡e ¿rulturo fluLdl yorc coaccrntratôd to a fl.nal

volume of 0.1 n1 and ¡torcd at -15oC betroen analyaec Ln

nall ssaled bottlag. autologour plaema or pool.ed sên¡E r€re

used aa proteLn carrler l.n tåc Lnvcsttgatl.ons. EqueJ.

vof-umss of carrler and empla rore loaded Lnto a standard

ryell (volu¡o O.o1 ul) eut lnto tJre cer¡t¡¡e of an agar coatcd

alldc. rmunoclcetropborsal.r of ltrs aanple rac tb¡n earrl.ed

ouü by tlre ufcrouotbod ofSçt1s16ogler (lgSS) u¡fne ¡odi.un

barbLturate buffer¡ þ O.O5, pn 8.6. Agar (Bacto-Ágar,

Dlfeor Ml"chlga, u.s.Â. ) vas uadc up to a fL al coacsntratl_on

of L* ln tlrlc buffer bofore ucing Lt to coat th.e rlLdog.

t)he baads of prectpLtation rera d.eveJ.oped by cr¡ttl.ng



go.

gl"da troughe la ttro ¡{giar at con¡tant a¡nd equal d|atancca

from t¡1e ccntre rel1 and fll.l1ng tlrcu rrltb antLsera. Patter.tra

yer6 developed uJ.ttr fre fo1l.ortng antL¡eral borce antl--rh,oLe

lrr¡¡¡æ aerun (nyraua Laboratoríc¡r Lor Angelea¡ callfornl.a),

goat antl.-IgG (gyfan¿)r Soat ¡¡f,{-IgM (¡fyfan¿), rabbtt antl-

traæferrLn (Aochrl.nger Gubh, IngalÌrelm am Rbetn) and' goat

antl-IgÊ (fyfana). .Antl¡Gruu to IgC ryas alco prepared by

Lmrrnl-zatlon of rabbLts (cee Chaptcr 5). After devclopuent

tlre slLdç6 ïare rarhod for 3 day¡ at I*oC ufth normaL ¡aline

¡nd f{.nally rttþ rator¡ Oted over *rr5 and stafaod yl.th ml.do*

bl.ack J.OB (Ch.r*a-Gercelachsft¡ Schnl.d and Co.r Gclrnany).

tbe drf.ed rll'dcc y€r€ pl-aced l.n contact wlf'b ctrl'ps

of 35 urn filn (ffPs, 8Oo ASâ., Ilford, Dng¡.and) ard stored, ln

tea1ed packagcr for approxinately four reelce before devalopLng.

l+.2.2" C?¡oracÈeEls@

Placua fron a patlnat vtth l{agb'Luotors dfssase ras

ueed aa a aource of antlbody to huusr th¡nroglobull-n. îbl.s

pJ.aaara vaa urcd ae c¡rrLer ¡rroteLa rl.üh tJre ¿rrlture tüpêfo

uatant¡ to be Lunettlggted. h¡rtftcd hr¡rnan tJr¡æogl.obu1-l.n

(Dorrl.ear Ê.t åå,, 19rr8) rac prepared ad suppLLed by MLre

.å.lleen Tboupeonr Insu.ttrto of Medl.cal ad. Veterlnary ScLcncer

Ade].ald.e.
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After electrophoreal-c of the oæple and carri.er Ln

ågar, bunan thyroglotnrll,n æI.utt-ona vêro inc.ludcd La th'e

cl.de trough,r at conccntratLorna of 2 or l+ ug/uJ. to preclpÍtate

the antlbody Ln agar.

4.3. ee.guåû¡t

11.3.1. Charactert¡a9;lon pf the orgtelne

Inur¡noelectro¡rlrorstlc pattern¡ fn a6arr obtalned

after el-ectrophoroais ofserr¡n rud prccl,¡rl.tated rl'tJr antL-

rlrols huss¡ sô¡ltttË, sa¡1-IgGr åBtL-IgM, antl-IgÂr trttl-

tran¡fcrrl.n æd antl-h¡ptoglobulin arc lLluctrated Ln

FLg. 4.1. lbe L'munoelcctrophoret{c pattenu hnve bccn

staLnad vitl¡ urido b]'ack 1OB.

Autoraêiographic ¡ratterne proparod aftsr lsmuno-

electrophoreaLs of fractlon Ï frour nornal J.¡ruphocytc c;ulturcc

erc sbora 1n FLg. 4.2. Tl¡e lmunoglolrrJ.Lus verc o]"ear.Ly

J'abeLled. P¡¡otein arc¡ {n the c a¡rd P glotnr]-ln regLons

rero Label.led l'n al'l tlre patternr. lhe idouütflcation of

theae ¡nrotel,ao tlas dlfflcult bccaure of tJre greaü number of

arca 1n tJre¡e regl'onø. Ïn cacb autoradiograpb therc ras a

relatLvely large anount of J-abeLlod naterlal Ín thc rcgf.on

of tho orLgLn and torards tt¡s atrodal end of tlrc ell.dc. thLa

dense l.abellitrg did not correspond to a hearrlly etaLned area



FLg' 4.1.
re?uu,dgv$lop.d ¡r+mtJrrÌ|.ûrrt ¡at{rGrq

Iluuaa pl'a¡üa raa J.ordcd lrrto thc ceatr'Ë rt1l end

olcctrophoro.sd a¡ dorcrtbcd tu the uotbodr. tho
vrrlou¡ ¡nttenn ræe dcvol.o¡red rltlr¡
Å - rhoLs hr¡pa¡ atn't1tcnm, notr tJre albr¡nln (Alt¡
ârG¡ tlre protol.nt tn tho c rd P globul'Ln rcgd.m
a¡d t^ho i¡suno6lobullnr IgAr lglfr ISO¡

B - IgU antLcrrru¡
C - IgA antl.tonn¡
D - IgC aatl.rrnrn¡
S - tranrforrLa arrtl'¡cruat
F - brptoglobulla rntL¡tn¡¡.

llrc prot¡in¡ tran¡fsrrin end beptogl.obulLa
fall 1r¡ tho rc6Loa of tlro c ú P gJ'ohrll,n¡.
IAÂ, Iglf aud Ig0 ertnd frou tù. þ globull.n
arca touar"'d¡ tbc catbod¡L ed of tbrr pattofn¡
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FJ.g. 4.2. Auto¡adlosr:alrha of ïDP oatterlng prepqrÊ4

ftou *'.aetioln 1 (cnilture gup€rn€tantq-I

of r¡orral- I.vuoboplr¡tes

A Lc an IEP patterrr of uorual plaoua develo¡red

with wlrole huuaa a¡tLsêfuülr
Ílre folloring autoraôlographr uêro prepared

fro¡¡ IEP pattorrur developed with rdrole bumæ antl"-
aeruu. the IEP patternr rere propar€d fro¡n cul-ture
cuperrratants of nomal euLtr¡ea coataLnl-n€:
B - ?.o x ro6 r¡ruphocytec and 2.5 Fc or l4c-teuclns¡

c - 7.? x to6 lyuplrocyte¡ aad 5 pc or 14c-teuc!.ne;

D - 1O.o x to6 l¡mphocytea drd j ¡.lc of 14c-1"rr"Lne;

D - J.O x fO6 f¡mphncytee ¡¡d.2 pc of 14C-l",r"J-ne¡

r'- ?.9 x ro6 r¡nnprrocytea od 2.5 pc or l4c-teuclne¡

C - saue ac F but the cellt rere ¡tlur¡lated ritb
PTA.

Autoradlographe Br Cr D ead E rers pre¡nred
fron lyuphocyter sultursd l.n oupplemented Daglefa
medl.um proparcd rdthout leucine. AutoradLographo
F' and G uere prcl¡arod fron Lynplræyter prepared
fre the ¡aue donor¡ but cultured in u¡ediuu

ouppleucnted r1tb 25lo autologouo placna.
I8Êr IgA, IeM a¡rd s .urd, P globuline arrc

labelled l.a the autoradiograpb patterns. lfre
inton¡lty ot the lnnunoglobulLn labelllng varied.
PHA did not ctlmulatc tlre ay.nthcslc of new

prot eÍ¡o.s.
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of proteLn i-n the lmunoelectropboretl.c pattenr (nrg. &.1).

Ub,err the l¡rmunoeLectroplroretic ¡ratterns vere stal"nÊd rftJr

Sudnrr red, a J-J.pld süaLn, tbe oaly arc stalned va" p -Llpo-

pnotel-n; no otber arcs or regfo¡t o¡r the elLdea vere stal.ned.

AutoradiograplrLc patternr trrepared after tsrnunoeloctro-

phoreaís of fraction I frou lyrnphocytes uhLch had been

eultursd Ln plastna-free rued,J-umr medLum coatal.nlng platua arrd

medLuu contaLnirrg O.5É ova]-br¡ul.n¡ ïere cLmllar (ffg. ,+.3).

the lnteneJ.ty of l.ururnoglobulta labellirg raa a1¡ni1ar ia alJ-

the pattorna. Îl¡ere rea a largc auorrnt of unidcntl,fled

labelled mterLal in the rcgl.an of ths or:lgLn l.n all tbo

patterna, The anount of tluls u¡aterial sas 1ese ín tÞo

patter:a pr€pared frou J-¡mpbocytea crrltured. iu pJ.arraa ¡ned.lum,

IEP patterns rero forued to rpecÍflc anti.ser¡ to shov

l-ndivJ-dual prctelnc. FractLon I from normal J.lmpbocyte

culturea labeLled the lndlvidual protein arcs IgGr IgMr IgAt

transferrJ.n ard haptoglobultn 1n IEP pattema (ffg. 4.4).

lhytohaenagglutlnl.n dLd not att.uul.ate L¡rnph,ocytoa to

produce ner* protel-nl¡ aa determined by tbe J.abcl.ll-ng of

iÍlmu¿sp¡ecJ.pttl.n Ll.nc¡ l'n tlc IEP ¡ntterna (ffg. &.2). In

these patterur the l'ntcn¡lty of tlre labcl1lag of all. the

prote1as rhl'ch rsrG l.abrllcd tn the control. p¡ttcnnr waa

increaoed. thia rrac detem1ned by vJ.cual obaervatlon¡ a üorle



fJ.g. 4,3. 4¡ågefågfeg¡gÉg--9¿j$-pggÈegrs pneoared

from fractlon 1 (culture-suoernetgnt¡ì
of uqgtluulated lyunh,octrtes julturcd Ln

g¡g;!oug- sedl.g

AI-1 th,e cul-turea contalned ?.9 x ilO6 celL¡ Ln

a culture volune of 1 uol. Patterns B and C ¡æe
preparcd from cultures corrtalnÍng 2.J ¡"lc of 14C-

leueine. Pattcnn Ð was prapared frou a culture
contaJ,nLng 5.o pc or l4c-touclne.

.A Ic an IEP patter"a of norual placua develo¡rd
with wt¡oLe huuan antlaerum.

the followlng autoradiographa ysre prepared
from cuLture supernatarrte of lyrpbocytea sultured
l-n:

B - plasna-free uedl-uu;

c 25% autaLogoue plasma oodl.uuo;

D - plasma-frce mediuu contal.nLn6 O.5fi ova]tn¡r¡in.
ïn all tlre pattarr¡a tlrc immunogl-obull-ne¡

fgÂ, IgM æd ïgG are labelled. IgM l-abel1lng J.s

the weakeet of the tJ¡ree. the extent of tJre
t-abclll-ng of ttre prote1ne l.n tb s "td. ß gtobulLn
roglon varled. îbe large a¡rmrnt of dlffuae Labell-ed
¡naterLrl ln patter.nt 3 ¡nd D obccursd Label"llag
of protcin arer ita üress rogl,onc, the LabeJ.l-l.ng

reglon of ¡ratterm C are nore clearly Label-I-od.
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FLg, 4.4. {g¡¡gfÊgLofrgoä¡ of spccl@
f¡ar fr.¡ ¡t{ an 1 f crr l tlrrreñ.Fôf¡¡?¡

g¡¿Ëfæ!g$û.!Lof fiQr¡e1 hgFga Lrpolocvteg

Fattsrn B rae preparod from a cul-ture corrtaLtnfurg

7.o x ro6 r¡rnpuocytco and 2' 5 t¡c or l4c-teucLne.

Patterra C, Dr E and F rerc prepsrod frou¡ a cuLturc

contalnlry 7.9 x toó cclls ard 4.5 l¡c of l&c-touclne.

A Lr an IEP pattern of aornal plasua devel.oped

wLth buman arrtlceruu.

Îbê follorl.ng er¡toradiograpbs ïore prc¡rarad

from IEF pattcrtlt developed rlth aatLcera to¡
B - rd{i
C - IgA;

D-r*¡
E - Traneferrla;
F - Haptoglobull.a.
Îb,e LmuaoglobulLn are¡ (r¿ur IgA and IgGf are

labelled. Both traneforrl,a and baptoglobulla areg

are laboll-ed Eort hcavLJ.y at tbc anodal- end.

the tran¡fcrrLn arc La noü coupletely labelLod.

Ia all ¡nttcrtre thcre ls a afgnifLcant a¡¡ount

of l-abclled dl.ffi¡re naterl.al around tJrø orlgln
qrrd torards the ¡aodc.
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rellable sctbod yould bc requfred for an accumte quantlta-

tivs assêctüont of the lntenrlty of ttre LabellLng of eae}

protein. ActLnouycln Ð l"ncLuded {n tl¡e ctrlture ¡eodluu

(3.3 ttg/aL) redt¡ccd tþs Labelltng of al-l protelnc f6rund !n

control autorad.Logreph patterrro (ftg. 4.5). I{bæ puronycLn

vas lnch¡ded in ttre culture mediur¡ at a concentratLon of

4O ¡tg/u'l-r Eo labcl.lLng of arry part of the IDP pattertra

uaa obcen¡ed.

4.3.2. ôr¡ol {#ø*{rr¡ t{na ô.rrrrrtê-ttrrrl{ac r¡f trtnte{n

lsg¡cst¡,
thoae studl'es are conplcrnentarry to the quantltatLve

tlme-couraa ¡tr¡dLgc rcported {n Chapter 3r aectLon 3.3.1.

In tbse J.rrveotl€atfoncr l¡oth the cell sr.rperrratant a¡¡d cef.].

extract fractf.on¡ r6rs uå1yaêd by lnuuaoelectrophoresLs ar¡d

autoradlograplry. ltnstl-strlated cr¡ltursE vere sawpled at 24

hourg îhe protel.lrc rn.da by PHA-etlnulated LyupþocSrtea

durC.ng ths lnct¡batl.on pæio¿s O-tA houra, L2-2[ hours aud

O-24 hourc uÊrê also studi.ed ürLr rayo

In üee accoup¡rny{ng.antoradLographle pattenna¡ rcference

v1Ll. be r¡ad.e to protÞ{na ln fractLons Ia, and fractlon Ïb of

l¡mpb.ocyte cul-tures, the pnotel.nc 1n each fractt'on vsro

eramined by eJ-e ctroplrore¡la of tbß tample with carrLer poolad



Flg. 4.5. Autoradl.oeraohg of fDP lcattelÊs prer¡ared

from fractåop 1 (crllturP ,supe,ËBÂtgB:Þ I

ofJroE¡gnl l'¡mohocvües lncubated rdth
åctåI¡ouycån D

A La an IEP patterrn of aor¡nal plaama developed.
yl.th rhol.e hnam antisenru.

tl¡e followl-ng autoredlograpbs yerè prepared
from cultr:re¡ of lynph.ocytoc (lsolated frou tJ¡e

saEG donor) preparcd aa descrlbed¡
B - Íc ¡rr atrtoradlqgrapb pre¡rared frorn a culture
contalnLng 5 ¡^lc of 14C-1".r"1ne and 1O x tO6

cel1e; tbo IEP pattora uås dcvel-o¡red wt.tb ubole
ht¡mqrl antLscn¡m.
C - Ls an, autoradlograph prôpsrôd frcu a culture
contaI.nl.ng 10 x tO6 ccl-Le, 1O ¡re of l&C-teuclæ

and 3.3 pg of actl.¡louycJ.n D. lhe IEP patterrn
rae dsvelopcd r1üh, IgG (upper trougþ') and r¡hoLe

huusn antLscmu (lorer trcrgh,).
D - Ls an autoradlograph. prepared fro¡¡ tbe camc

culture descrlbcd l.n C. thc IEP pattern rac
developod rl"tJ¡ IgÂ antLrcruu (rpp"r trougb) and
fgM anticeruE (lover trough).

ths sauc hbclled ¡rroteln arcr precent l.a B,

are prereat 1a C vitb reduced ldcasi.ty. IgC and
IgM arcs are l.¡be11cd by culture fluld frou the
actLnonyci.n D treat¿d culturer but tbe TgA arc ie
only label1cd at tbe anodal orrd.

the d¿ffuae 1abel1ed naterl.al prroeent Ln

pattorn B Ls prcscnt la both patterrr¡ C and. Dr

but yLth reduccd l.nteucl.t¡r.
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6eruu and d.ovcl-o¡nent of tbe Lm¡unoeLectrc.oplroretlc pattern

rì:tU (r) ulro].e antlscn¡¡¡ (fr¡ antl-üran¡ferrtn (rrr) arrtt-Igc
(f.t) antl'-IgM, ærd. (t) ¿¡f,1-IgA ¡ntl.sera. lhe label1ed

proteins l¡ oach pattern rrere Lnvectigatcd by autorad,lograpþr.

In thsre cx¡rerluent¡ tbe l¡nnptrocytec rere prepared frm

a nomal- donor¡ by fLJ"tratLon of tho blood through glaor

rrool.. I ü1 portlou¡ of tho fi.nal, aueperrslons contaJ.nlng

99* LyøpUocytec ucro dfspcnred Lato crilturs bottt ee ao tbat

a1]. the culturleð contaLnd.7.9 x 1O6 cel.].s and l¿ ¡.rc of
14c-1".r*ine. lhc errpcrL¡nætal ændltlou¡ hsve becn detail.ed.

la üba te¡ts to täo figurea l.llu¡traäng the ar¡toradlograplrc

l.n thl"¡ chapter.

In a oontrol, unstLuulatcd cu1ture smpl.ed at 2Ir hourc,

a]-l the Lnæunoglob¡l1-n protefna ï€rê ]-abe].led 1n fractfon fb.

thesc rere be¡t tded.ficd rLth, cpecifLc antlsera. Protelns

ín tlre u ^ú P gl-obulin regton roro heavLly labell-ed (rtg. !1.6).

Part of the tran¡forrLn ¡rrotela arc wa¡ also labeltcd. rbe

apecLfic ¡rroteln arcr uerc l-aber.lod beavlest at thß rnoda]-

end. rn fraetlon ra tbe only prrteln leber-led in the rl¡ols

antlaerr¡m pattcra ras IgG gl-ohrll-n (s.lg. 4.7). IgM, IgA

and ïgG ¡rreclpl.tatod 1n rEP rnttcrns rLtJr a¡rccfflc antLsera,

rrsra labelled 1n tJre aceonpanyfag autoradLograplre. lransferrÍn

vas not l.abelled. the absence of labe]'led materl-a1 tn tbe



flg. 4.6. AqtorFdtperar¡hç of IPP-oatlLerlrs preæred

frpJ¡ fra.c3lon l.b (cc]-t. extragt ) of a¡
rrra*{arr'lq}arl arrl*rrra af nam¡1 Iwnlla-

cvte¡ t!,€rrbatod for 2lr þggEE

the sulture flul.d analyced la thf¡ ctudy ras
fÞou a l.Jiüpbo¿yte cu1ture æntal.nl-îg 7.9 x 1O6 cel1g

aad 4 pc of 14c-1"rrd-nê. The l¡ruphoe¡rtc: r6re
prr¡nred, by glaca ïoo1 ftltratd,oa and tlrs fl.nal.

cuapenslonc contal.ncd 99É lf'nphocytes.
.À 1s an IDP p¡ttatr. of norual- plasna develo¡red

wLtb rbole huuan antf'oerum.
lbs follorint autoradLograph,c roro prepæod

frorn IEP patterns devolo¡re d vl.t'l¡ aatl.s€ra to s

I - humanr antta€rrrû;
c - reg;
D - IgM¡,

E - fsA¡
F - lrancferrLn.

In pcttem B thc proteln arca l.n tbe a and

þlobu1.1n regJ.on are labelled haavLc¡t. In tJre other
pattcraa ùbe lunnunoglobulin arcs ïg(i arrd ïgA arc
1abel.led, lrut IgM and trensferrln, arce are labelled
onl-y at thc a¡rod¡l end.

lbere is dlffuge l-abol].ed uaterl.al around tlre
oztgin ln all tlre pattêrnt r
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Flg. 4,7. AutoradLosreohs of IDP oetteq¡ rrrgloarcd
f¡æn fçaa*{ an t q lao'l 1 ¡rrrnarvrç¡t¡nt I raf

ttÌt *{ rnrrl rtarl r 1*-rr¡a nf trrrrrnnl

f¡¡epþpc{ftes fncr¡ba*ed for 2¡

frou
L+.6.

thc
tho

cul'turs fluf-d aualytsd fa tbLs ttudy rat
sao cu].turo as thÊt de¡crlbed in figurc

A 1g an ISP of nomaL plasrna develo¡rod with
rdrole huuan antiscúuur

Ths foll.orLng autoradiographs ïer.e preparod

frou IEP ¡ntterao deve1oped wlth antleera to¡
B - lu¡uan antLeerrrni
C - IgA;
D - IeM;
E - IgG.

In ¡nütert' B tbe only Prúoia arce
labellod 6¡s IgG and pårt of IgA.

In the othcr¡ ¡ntterne tlre Igå' and. IgC

arcr aro laboLl.sd rdrLle the Igl-f arc l'¡ label.led
at tlrs aüodât ènd. Tran¡fcrrl¡¡ uas uot LabelLcd.

Note tha abscttrco of, t'ho difft¡ce labe].led'

EatarLal around the orLgf¡r æd ttrardo the anode

l.n tbc patter^aa.
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regLon of the orLgl-n r¡a uo¡t strl.ktng, nûren oompared rl.th,

tbe æount preaent 1n the call. cxtract fraction.

Fractlon Ib of a PllA-atíurulstod cu].ture rdrl.ch ras

saupJ-cd at LZ hourr¡ contaLned l¡bell.ed c *dF g.Lobullnsr

I.abel"J.cd Lrnuunogf.obulLan and 1abelled transferrln (ffe. 4.8).
Ia a].l ühe ¡n ttcns thcrc rar e con¡lderablc æount of

dJ.ffuse J'abelled materlal ln tbe rcglon of ttre orLgta. t)re

arcs yêr6 1abol1cd bc¡vle¡t rt the anod,al end. Fractl,on Ia

of thls culture contalned labe.ll.ed c at!d. B protelner LaboJ.l.ed

fgG æd ].abc].I.ed IgA (ffg. 4.9). Igi{ ar¡d tran¡ferrl.n vere

not.labcJ.Lad. lhe 1abeltcd ¡¡aterl.aJ. around th.e origLn uaa

nuch. red¡¡ced rrh.ea coupared rl.th ürc æount Ln fractlon Ib.

In a sttnul-ated cul-turc rhLcb yaa Lncubated rLth 14C-1"o"1.*

durJ.ng tho l'ncrrbation perlod L2-2t+ houfs, fractl.on Ib containcd

J-abo1l.ed a snd glohrll.ns, a¡rd J"abellod IgG. $o othcr

protcÍna uers ,labe].tod, (ffg. 4.1O). Fractl.on Ia frou th.L¡

cu].ture contal.ned d.ul,lar Labe1l.cd proteJ-na (ffg. 4.11), h¡t

ac raa ob¡erved prevloucly tlrero raa legg J"abelllng ar¡ound

tha orlgá.n tJ¡an 1n tbe cel.l. e¡tract.

In thc flnal. atudy of thLc lerlea, Lt rraa cboïrt that

fractlon Ib fron a PlIA-stinuLatod culturs sampled at 2l+

hours contal¡ed J.abel.l-ed a and gl.obul.J.n, J.abcJ.led tranaferrLn,



Fig. 4.8. Auto radlos¡Êarrbt - d-IÞP oat t e¡zr¡

p,rer¡ared fror¡ fEactlPn 1b-(clrll
extrac&.)-of a P}IÁ'-etl.uulated cgl-turc

of noJËnal 1lnrobEsyl.S-¿--¿pcu.betefLfgl,

L2 bour¡

lbs culture fLu1d anal'ylod l.n th't'¡ etudy raa

preparsd f,ro,r¡ a cultune aLsilar to that deacrlbed Ln

fLgure b.6. PHA re¡ Lacluded, ln tlre uedi-uu and th,c

J.ymplrocyten rere Lacubated u1t¡ 14c-1".r"Lae for 12

bot¡rl .
A La an IEP patterrl of nortal plasma develo¡rcd

wltl¡ ubolo hunan antircrur.
Tb.e follorrl.ug autorrdlographn rerre pnc¡nrcd

fror¡ IEP patternt dovolo¡rd Yltb 'tûttsora toi
B - bur¡an tcruut
C - ïeG¡
D - IgM¡

E - IgA;

F - Tr¡a¡fcrrln.
In pattcra B the protcl.n ane¡ Ln thc u arra p

globulla rcglon are heavlJ.y 1abet led. II¡e Labclling

of tbe !.munoglobulln arca 1¡ not dlctlnctr trrt
Ltn tbs otbcr patterns IgA, IgM ald IgG arcl are

laball-od heavlo¡t at the anodal' Qnd. îbß

trarfcrr{n arc Ls labclled only at tbe aaodal

ond.
Note tlro largc arc¡nt of dlffusc labcll'ed

naterl-al i.n tho rcgf-oa of tbe orlgLa æd tosard¡
t ß a¡¡ode of tho Patterae.
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Fl.g. 4.9. AutPradLoq¡n¡obaJPt IEP nîttprrrî gFcoerad
f¡am f¡oat.l na I o I noJ. 1 o¡rnornø*^-* ì af ¡

PHÀ- at{ ¡rrrrl qâ a¿l r.rr I trrr¡a nf rrnrær¡¡ 1 1 trrtrnllrr-

cvtes l.nqr¡bFùed. for 12 hours

the cmlture fluid analysod Ln thLs study rar
fror¡ the õeüo culture a8 tlrat dsscrfbed in fl.gurc 4.8,

A fs an IEP patto¡rr.of norual plaaua deveJ.optd

rlth. rhole hunan antfsen¡rn.
Íhe followLng autorãd:logf,apbr ïæo proparod

frou IEP pattêrrls developad nrLth antt sêra to s

B - l¡uuan ãoruüt
C * IgG¡

D - fgA.
In pattct! I aone of tlrc protcln aree arc h,oavlly

labollcd. In llrc ot¡rer ¡nttcrnr IgG aad lgA arc both
reakly Labclled1 but lglt and bansfcfrla rero not
l.abo].1ed.

Diffi¡¡c 1¡b¿ll¡d uetorirl prcrcu't in tbc âuto-
râdlographr ribora J.n ftgurc 4.8 1r barel.y ovldont
1n patterrr B, It fr ebtot¡t frou pattcrna C ed D.
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FÍg. 4.1O. $¡¡$g¡gdloEraoh¡ of fEP DgLt.llgrrrs--aroo+red
n fr.¡¡at{ nre th l-o11 ¡on*) rtf q PHÀ-

g¡[!g¡¡t-at eÉ gulture oil norual l,Iqob'oçvtcE

lecuÞated for 24 hourç after Êadlogctivê
nrecursor tìgd be6¡ir ad.dêÉ at ,12, houra

Tho cultu.re fluid enalytod ln th.ta atudy uaa

prÊparod fron a culturc cl,nllar to thåt degcrlbed 1n

fLgure l+.6. PIIA rraa lncl-udtd l.n tho nedluu.
14c-t*.r.1ne ¡aa includcd after the colll¡ had been

lncubated fæ 12 bourc.
A la æ LEP pettorn of noru¡al plalrna developed

wLth rholG lruuæ anûtÍaênrg.

thc fol-lorLng autored-ographr rêrc prcparod

frou IDP pattGrns dcvcloped rttb antLsera to¡

B - lrurran tcrun¡
C - IgG.

In B variou¡ ¡rct ars rGekly laballed. Part

of tbe IgG arc l.¡ hbcllcd, h¡ü 16A arrd Ig$ arcc

were not labelled. In tbs otJr¡r pattern IgG ts

labsl-Led. Ig./\, IgM and tra¡rsferrl.a rere not

1abelled.
!"fors dlffrlre labolled n'aterfal l-e asgociated

rittr patten¡ C than wi-tå pattern B.
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Fig, 4.11 .

fror¡ fractiog-la (cel1 FungJrna.tgntì g8-¡,

P}IA-etimulat gd cu-lture .of nor"rral lrrnqþo-
cr¡te¡r 'lncrrlreted for 2 lr¡rrrr¡¡ ¡ftan r¡d{tr-

actlye qlegcuEsor bgil-beët added at L2

bcgIs.

îhe sulture fLuid anå1yced 1n tl¡La study was frou
the sam€ culture as that described ln ftgure &.10.

A 1g an lEP pattæn of normal plaama devclo¡rod

wLth rtrole ltuuan antl.seruro.
Tlre foLlortng autoradLo6raphl r€rc p¡èpared frou

IDP patternr developed wLth enùlsera to¡
B - huulan corunf

C - IgG.

In pattcrn B varlous arct l,n tl¡e q' and B
glotnrltn reglon are labelled. Ï90 ¿rc 1e J-abell.ed

at t¡a anodal end. IgM and IgA rere not labelled.
In the otÌ¡cr pattorna the IgG arc is labeJ,Led

heavieet at tl¡e anodal end, but IgAr IgM and trana-

fer¡rl.n arcc were not 1abel-1ed.

thc dLffuse labelled materlal about ttre

origin Ls bareLy evldenù in both patterllor
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Id{, IgA, and IgH. lhe anount of l,abel].ed ¡¡aterla1 around

the orLgl-n a¡rd torard¡ tbe uode uao üuch greater th¡n

thaü ae6rr l.a previoug autoradLograplra. Al1 tlre preeipJ"tln

arca 1016 ].abc],lod ho¡vle¡t taards tbe anod.al c¡d (f¿g. I+.12).

Fractlon Ia contatned a].l tl¡e ]-abc]']-ed protelre fannd l-n

fractl.on Ibr creept transfer'rLn (tr'tg. &.1-3), but the

labeLl.lng around ths orl"gLn vas much reduced.

th.ese fLnd1ng¡ beve bcæ tabr¡l-ded (taUte 4.1). For

tlre puryose of conparl"son tb Lnteneity of label.l.1lng yas

graded arbLtre¡:tly by vl¡ua1 obcervatJ.on. the order of

gradlng ranked from +++ (heavtest t.abelßng) to + (fatnt).

4.3.3. Ántlbodw gwnth,e¡is

Llmph,ocytc culturcs uer6 prqpsrêd from tlre b1ood of

a pat{ent rJ-tb Hachluototr dl.aease a¡rd termi.nated at 2l+ h.oure

by freezLng æd tharrlng. the pno teinc in fractLon I uerg

electnopborescd ¡rd thc lmunoelectropboretlc pattom raa

deveLoped agal,nrt tlryrogJ.oh¡lLn and, rho1e antl-huuan B€rrtutr

The correspodlng autoradLograph ¡ihoved dlstÍnct and strong

I.abelJ.1ng of al.J. th,e ùr¡¡uns g"lolxrl.J.ns and 1n ¡nrticuLar the

tbyrogt obu].l.n ant lbody l.l-no (trrg. &.1Ir ) .

FraetLons I fror¡ tre].vc nozua]- llmptrocyte cul-tures

u6æ analyacd l'n thJ.s ra)r. l{ono contaLned l-abeJ.J.ed antlbody.



F16. 4..L2. @rDP oatterno r¡repared. frø
fraction lb (ccl.l,extraptì of p PHA-etlloulatod

cult$¡p of norual hnnob.ocvtog-l.glubFted. for
2lr holgr¡

TIre crrlture fluLd analyred 1n th{a ttudy raa prepared

from a culturc al.ullar to that doscribed Ln fl.gure 4.6.
PIIÁ. yae l.ncluded 1¡¡ the EedLuu.

A La an IEP ¡rattern of nona]. plaana devel-oped rith
vhol-c huurn a¡ltleerum.

the fo1lovfng autoradLographa rrere pre¡rared frc¡n
fEP patterna dcvelo¡rcd rith aat1¡era to¡
B - buuan sorum;

C - IgM;

D - reÊ¡

P - ISA;

F - Transferrln.
In pattern B thc a arrd þ globulln arc! are labelled
beavLeat. In the other ¡rattonnc IgA, Igll and Ig(i
aret are labelled hcsvlect at tbe anodaL €nd.

lbe tran^sferrLn arc l.s only labcl-led at ths anodal
cnd,. Note the largc quount of dLffi¡¡e label1ed
uaterl.al aror¡nd thc orl.gLn a¡¡d torards tbe anode 1n

al1 tbe pattern;.
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f16. l+.13. .ôr¡torrd.dorrilolr gf IDP mttc¡nr qt¡nroÊ
fr*rr t?*.¡att 1¡ f ¡rrl 1 rrrn¡rnaûrnt) of

¡,-P$A-rtlpqr¡tod cuLturc , oL rprq¡Fl

fb,r cn¡ltur. flul.d analyrrd Lr tbLl ltud¡r rer
fñ{n tbo ¡¡t eulturc e. th¡t do¡orlbcd 1a f16urr

b.L2.
A l"r an IEP ¡nttcrn of, üorla1 pl.aura domloped

rl.ùh ïhø14 h¡r¡a a¡tlrcnru. th. fol'l'orLug luto-

rad!'ograpb. ïtrl! plìÐParûd froo IEP prttarn.

develo¡rod rl,tb rltl.ora tos

I - br¡uen torun¡
C - IeA¡

D - IgÀ¡

3 - Igl.{.

In ¡nttot! B tlro a aú P globultn arct arô

hbcLLcd lto¡vl¡¡t. Ia tbo otùcr pattrra¡ tba Iûû

arc L. !.¡bolLcd¡ rbJc I6pf rad IgÂ rrcr are

frtnt1y 1ebclled. Îbc Ûr'¡anflrl'E ¡¡rc tüt rot
labal1cd.

Yery 11ttlo dlffr¡ro l¡þollrd l¡t¡rÍal Lr

cv!.doat ln any of tlro ¡rttrrmr.
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îablc l*.1. nEgttl'B-.årst-.jln
ruts¡nd!.sc3¡nhl,-o,f ISP PrttrnF¡ of
l.v¡oüocrt? cultura ¡rtorürl

lbL¡ tablc Ls e tu¡Enar7 of tl¡r d¡ta prolætcd

l.a fLgurce 4.6 - 4.13.
Labcll.fry rlg ¡tål.tælly grtd.d fÞæ + to +++

by vLrual- obecrvatLon of the autorrdlograplrr.
+++ rçprccatt¡ trcnvy labcllLagr rrbl'l.e + lndlcate¡
fal.nt lebcll.ing of thc protota lrc!¡

lbo l.ebollrnt of tlre protcl,n¡ l.n tbe e and

g1obulfa re6l.on rer grrdod by rcfcreacc to tbc

rutoredLogr¡phr of IEF ¡nttorar devolopcd ul'th

rlrol.c hr¡sm rntl'lcn¡n. lbo gredt¡C of th.o other
tabclled, pnotrlan ue¡ dctcrrir¡d b¡r rrfcraüec
to tbo autoradlogrrphr of IEP ¡nttcrur dcvelopod

rl.t|¡ rpccLfl.c sntLrora.

p
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ATI:¡ON^åÐIqçTÅPHT OF IDP Pdr1IER.HS OF LTMPHOCTÎE STILTITRES
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Fl.g. &.1t¡. d frop fractlon 1

( cut tuqe auoerE¡lbant ) nf a ¡lrl trr¡a

of lvrq¡¡lroct¡te¡ prqqFrc$ from a t¡atlent
rl.th Fasþluoto |¡ ¿Lgaasq

L¡rmphocytag wore prcpared frou¡ a patl.ent Yith
Ha¡blmstors dlsoslo¡ tho sr¡lturs coataLned 1O.O x

1o6 ce'll.c and 5 pc of 1&c-1".r"L¡ce. Îb,e cella uêre

cuLturcd ln aupplæonted SagJ.ers Ecdl.un prepared

wl.thout leucl.ao.
.A - 1a aa IDP pattern of the patlentra plaaua

develo¡rod ¡l.tlr lruuan tlryroglobulln (upper trou6h)

a¡d rdrola buuan antl.aen¡u (lorer trough).
B - fc rn autoradfograph of tbø IEP pattem

A. Îre ttryroglobul.l,n ætlbody arc l-e labelLed.
Protein arcs la tho c ttdp gloÈnrlln regton of
ths IDP ¡nttera doveloped ulth ¡bole humsn antL*

serr¡¡¡ are tabcllcd. the IgÊ, 16â, and IgM arcs

are al¡o labellcd.
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4.4. Disguas{o'r

the Lumunogl-olnlJ.lae fgGr 16å, and Igü uere labelled

Ln a].l the IEP pattarnË ¡rropared fræ tbactLoac I of normal

I-¡mphocyte cultures. thô extcat of tbe labeJ'l1ng of caeh

of tbe proteLn arca vanled betveen Lr¡dLvlù¡al.s. ÎbÊ

protelns in the s, and p globulJ.n regLon of tha IEP pattcrn

ïer6 al-vayr Labellod. frcac protci"tß could not bo raadl'ly

identlfLed ercept by tJre uae of apcclfLc antLsera. tho

protel.as identifLed thl.a ïay u€¡ne trangferrLu ad haptoþlobulln.

A d.l'ffueo sount of rar{{oactively label.].ed ñatGrlal.t

rbfch dLd not corrorpond to aay LdentLfLabl-e proteLn arct

ras alray!¡ precent touards tho anodal. alde of the orl.gl-n Ín

IEP pattertrc prepåred flrou fract{on I of rrorua1 l¡mphocyüa

cul-turee. ll¡Ls nqterl.al raa not ¡tcl.ned ylth Llpl-d rtaLn

but uaa ltglrtLy ctafnod rltJr aido blaek.

Ho qualltatl-vc dlfference¡ bstrccn the autoradlographt

¡nepared from fractloru I of unrtinuJ-ated s¿d PHA-stlmulated

lyrrph.ocyte culturae could be detseted. PIIA appearrd to

etLauLate all the proteLn¡. Shetbor PHA caused s cLnil.ar

lncreaee ln tbe æount of eacb f,ndLvLdua1 peote1n produced

by unstiuulated ceJ'J.s vse not tegtcd.

Only euaL.l dLfferences rsre dotected betseen tho
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autorarl{ ographtc prttcrrrt Ircparcd from ct¡].ture fr¡ctlons I

of L¡rnphocytoe¡ Tdrt clr ïero eulturcd l.n ued.l,r¡n coatal.nLng

plaana, nedl.uu vlttrrorit phruo. or nedLum coatqLning ovalbuuLn.

Il¡e fSP pattcra prGlnrod fron Lyuphoeytes culturcd 1a placna

uedl.uu cont¡Ln¡d a graatsr trr¡üb€r of 1aÞeJ.lad arc¡ l.n the

c and p globulin rcgLon and corrtal.ncd l.eas of th,e diffr¡¡o

lebeLled, ntcrc.al arour¡d ttrc orLgin coupared rLtlr tb,e otlrer

pattcrnc. îrf.r qatrr!,al l.n a.Ll. tùs IEP pattêrnc ua¡hd the

labelled srct ta thc a, ø, p globul.l.n regLon. Tlrc ¡lgnifl.cance

of thc labellLng of thc pnoteln erec l.a tJre¡o reglone of

thG IDP pattsrns u{11 be dltcr¡rrod Ln Chsp¡er j. lbc

l¡nnphocytea nppcer¡d to a¡mtires{rc ell t¡hs lurq¡no6lobuJ.{nc

rhæ strlturcd la tho ttrrrce t¡4rcr of ncdLr¡m.

th,c¡c erpcrLnnt¡ ñrrtbor ôooactrated the cultabl.J.iùy

of a placua-frce rncdLuu for culturo purpoaes. fr6 lnclu¡l-o¡r

of ovaLbr¡nl.n l.¡, üre ncd,Lun (V"o &rrth.¡ Lg64) Of¿ not cl.antc

tbe ty¡las of prctcLn¡ uad,¡ by l¡mphoe¡Éer eultured for 2l

ll'our8.

the proteù¡r,synttreri¡od by J.¡mphocytec Ln the prcrcnco

of actlnornycln D ucr€ r;ho rrme ¡¡ tlrose found. Ln contror

cu.I"turec r{thout dnrg. Á.11 thß protcins åored. reduced,

I.abel.l-Lng 1n tlr¡ rutæadl'qrapb patterns conpared uLtb
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autoradiographt prolterod frm untreated ctrlturcs. It

appearod tb¡t tho aotinonycl.u D-resLstant protel.n ryntlrosLc

uao asroclated ul.tb å11 tfro protcl.ng made by l.¡nnphoc¡Ëea.

FractLon I of, a J'¡mplrocytc culture ¡ rrhich råt prcpared

finou r.patLent r:tth He¡hLnotol rl:ltoaasr l-abe1.l.ed ttrc th¡rro-

globulln anttÞo{f l-tnc ln an IDP pattcrttr FractLon I of

l¡ruphocyte crrlture¡r uhl,eh rare prcpared frorn aoru¡l donorcl

dl.d. not l.abcl t'hL¡ ârcr Theae data provLded evl'dence that:

(f ) tJre l.abe1l.Lqg of tf¡l¡ thyroglobulLn anttbody l.1ne

repr.Þterrtcd specLflc lobelltng a¡d.

(ff ¡ l¡mphocytea frrm thLs patlent rítb HasTrLuotots dL¡ease

eynt&c¡laad autlbody.

thc obseryatLon thåt l¡rcphocytes are able to nake ¡nff-

body hac bcen roportcd by otlrer¡ (ffufffgcr and Sorikinr Lg63t

Larrdy¡ g!. ql., 1964). t{bether thyrogilohrtl.n and PIIA Íncluded

La tl¡e rnadl.us ï€rrÊ ab1e to stLüulate tbe productioa of

antl.body 1111 be dLttcu¡¡cd 1a Gbapter J.

In sn unrtiuulated cr¡lturer $rLc¡r ras saupl.ed at 2l+ houro,

on.ly l"abcll¿d lqunoglotn¡1Ln¡ eould be datected J.n fractlon fa.

IlLrschhortr¡ e3, gL., $gitl) U"r roported that IgG rac tbe onl.y

deteetabla labeLled proteln rcloaged by l¡nrplrocytec ctrltursd

¿¡¡ g!l¡g.. Ilouovcr¡ tlre technl-que thery uaed¡ lrapcr eloctr¡o-
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phore*Lc¡ TâË Lnfcrl.or to tlrs t€chnl.ques used here for the

e oparatiou an¡l anal-ysJ-a of protein. îhe reaeons for this ï'111

be ô{scugsed ln Chapter 5. the regu1ts reported hsre

cuggaet tb^at ungtimulated I¡mphocytea released or¡ly lebel.led

J"nmrnogl-oln¡linE duri,ng cuLture¡ nlrLl.e tbe ottrer neuly

g:n¡.tlreslrsd proüein remalnad rrltbJ.n th.e cells.

In thc PHA-atlmrleted culturs campled after lncubatLon

for 2I+ lror.ra fracüion Ia contained, al.l tt¡e labell.ed proteiao

found Ln fractl.on Ib elcept tr¡¡¡cfsrrl.n. tbe rcleacc of

otlrer l.aÞc-ll.ed ¡rotel'nø bcef.dea tbc lmunogilotrrll,ns l¡ PHA-

etj.rnu1atcd culturea dr¡rLng LncubatLon Eay rspreseüt ccl1

&ath aad l'yaLs ratlrer than coluJ-ar releage. StL¡nulated

cel-Ls did not ¡urvlvc a¡ ra1l. Ln plasma-free uediuu as

unstLuulated co].lg.

A PHA-rtl.nulated crrlture lncubated for 12 hours,

co,ntâi.rred aL1 tlro LabeLl.cd. protel.as found 1n stlmulated

cuLturog Lncubatcd for 24 botrrs. Fraction Ia of tbl.r culture

contal.ned al.I. thoce Labclled protcins found Ln fractlon Ib

axcept IgM ån,d tran¡ ferrln.

No l.abel-led ÏgM, IgA or transferrin rere found La efther

fractl-on Ia or rb of ¿ PHA-atLruulated culture lncubatad wLtJr

1&C-1*.r"1ne durl.ng thc L2-24 hour perlod. of culture. LabeJ.1ed

q and í3 globtr1ln proteLnt æd 1abclled IgG 1¡g3s detected 1n
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botb of thcae fractLons. îhe inteneLty of the LabeJ"lLng

of tlrege ¡noteLn ercs 1n tbe autoradiographs was not as

great ac tlre Lntenslty of labo1l1ng of ttre proteLns made in

ttre fLrst 12 t¡ours by stiuulated L¡mrphoclrtes. lb.ose data

suggested that nost of tJre a¡mthecla had been æuplatad. Ln

the fLrat 12 lrours of Laeubatlon, a resul.t r¡hLclr rag 1n

agreement rLth the tLue co{rrsG studJ.es.

Labetled trensferrla was found Lu flactio¡r Ïb of all

the culturee examinod except thåt prepared from the PHA-

stl-¡rulated cu1ture Læubated v1th l40-l-"rrcl.ne during tbe

L2-24 lrour p€ntod. thJ's labelled. ¡rrotel.n was not fosnrt l.tr

fractLon Ia of any of t'heae cmltures. Îl¡l-c vould euggest tb.at

newJ"y øynttreaiced transferrin dld not appear to be reLearcd'

frou th,e cella durLng incubatlon f-n coatrast to the other

protelns aade by tbe l¡ruphocytoc.

the preaonca of a largs aount of unl.dentifLed labelled

, materfal Ln tbe regl.on of thc orig:Ln rrrggested thåt raö.o-

actlvLty in *ome arcË uåy rcpråccnt teoa-oÞecific labelling.

Tb.e absence of thls materl.a]. l.n fraetLon ÏÞ courpared yLth

ttrat l.n fraetl.o¡, Ib of ryr ur¡atiuulated l¡nnphocyte culture

euggeated that tbLc materLal ra¡ not releaaed durl"ng th.e

culture ¡rerLod, thl¡ uaterLal rraa preeent l.n both fractlons

fa and Ib of PllA-stimulatsd cultures, but Ln mucb reduced



92.

inten¡Lty lD fractlon rr. rn ürc¡e curture¡ ths prescnco

of thl.¡ n¡¡tcrJ.al 1n fraetlon Ia nay not bc ttrro ro¡ult of

PHa atfuulatLng lt¡ ¡¡cloarc but rrther ccll dcgoncretlon¡

uh,l"ch mr acceleratsd by thLs rub¡tanee 1n plarua-free

ucdù¡m. lbc tdeatl-ty of ttrJ.c qatcrLal. remaln¡ to bc

datermLncd¡ thJ.s p¡pbleu 1111 be diccrrescd f.n Ctra¡rtcr J.

Noa-apocl.fLe ]'abe1].1ng of the ¡rcs Ln IDP patterme

h¡ve been reportod by oürer rcrkcrc. qrl.l"lf.pe and lb,orbeckc

(]-gøS) obccncd nou-fpccl'flc'LabcllLng of c,-,t!ãcrogl.obull'n¡

uaing rpleen and Livcr cultursa fron rat l"lrto mouaG cbl,meras.

tbey reportcd thåt c,*nacroglobul.l'n Lc ].abcLled 1n culture

flul.d¡ frou unnï ti¡cucr srd. cuggeltad that the protcl.n

uay be cmbLned rLtJr other J.ab¡lJ"cd. tl.gaue productr ¡uclr ac

eruz)moã. Ûrc findlng that c¡terase aetlvlty ia aar¡ocLated

ylth trçngferrl'¡, (Urtel, 1961) rupporùs tlrls idea. In lfglrt

of thl.c eyfdencc {t 1r gvldcnü tbåt th,e artlfacts of tlrc

tsclrnLquc arc not ftr1l.y undarrtood. fn Clraptcr j

Lnrreatf.gatl.oas of, tlrc epecLflcl.ty of the labeJ.J.l.ng of the

arcs 1n tJre fEP pattêrnl bavc becn reportod.

Becau¡¡c of tùe poaolbllJ.ty that severaL arcË ln the IDP

pattarnr may be I'abolled Borû-rpôcl.fl.oal.Ly¡ a dfssr¡s¡1on of

the typos of protcLac ua$e by l.lmpbocytss uJ.LI. be l.eft to

Chapter J. TLe evldcnce erggerte that l¡rrnpbocytc¡ are ablc
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to aake aLl tb luuuaoglobull.ng æd a rLds rangþ of s 
"n'd 

p

globulla protsl'nt.

l{.5. S¡r.rya¡¡t

(f ) ffufds frou rarl{oactfve pl.aaus*freê l¡mplrocyte

cuLturec l'abel,l.ed tbe Lmunogl.obuLl'n (fgA., Igil æa

IgG) arca aûd a rångo of proteI.n, ares includ.ing

transferrln æd haptoglob*n 1oeated lu tJrc a and

p efoUrJ.Ln rcgion after lm¡aunoelcctroph,oreaL¡ rltb

p1aarra.

(Z) thora rsra no qualltatlve dJ.fferencee bet¡een tJ¡c

autoradlographa of IÞP pattems prmpared frorn PIIA-

stl.muleûcd and un¡tl,uul¡ted, J-ynphocyte culture

f1uLd¡.

(l) nrerê vsrù no gualJ.tatlvc d,!Êferonce¡ fn tJre auto-

rad{ographË of IEP patterzs preparod frou flul-ds

of J-¡ru¡rhoc'¡rtca cuJ.tured l.n pJ.aama meùiuur pJ.ama-

free medl-um and uedl.r¡¡¡ contaitJ.ng ovallnruJ.n.

(4) ætfnonycin. D in ttrre cr¡lture med,luu reduced &e

labelLl.ng of aLl üre protel,n¡ found l_n tlre curturs

f].ul.ds of ¿ontrol cr¡l-tn¡re¡.

(S) the ornly J.abel.lcd, coupononts released by un¡tLmuJ.ated

cel1c l"acubated for 2l* lror¡ra rere 16A, Igll and IgG.
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(6) PHA-¡ttrul,etod celLs rel'eased a1L of tJroae l.abc].l.cd

protelar found 1n tbo cel"la¡ erocpt traurforrLn¡

durlng lncuÞaËLon. IgA, 16l{ *nd trar¡^cfcrrtn

I.¡brl.lod durtrg the fLrat 1â lrourc of culturcl

ncrG not l"rbrlhd by tho oeJ.lg fir tJre lattor h^al.f

of the l'ncubatlon ¡rcrlod.

(Z) f l.¡rtc æouaù oû ual.dontLfi.ed, rad,ioactla'6 qfæl'al

rar dot¡otrd, arouud tb orlgtn æd, byerds tlxc

anodal. orrd of ¡ort IÞP patter.ns preparrd frou

l.yuphocytc cul.trre flul'd;.

(A ) ¡ tbyro6l'olr¡1Ln-eatf-tbyrogl.olrr1Ln prrcLpltLr. arc

uar labcllcd afùer luutraoclcctnó¡rtrore¡lr only

by radÍoaotlvc prutoLn f,rou l¡¡upbocyte¡ of r patlent,

rho proô¡ccd a¡tlbodLcr to tlrynrgf"obull.n. îl¡ccc

data provl.de crrl'dæ,cc for tñe r¡rath,etl.a of antlbody

by l.¡nphoc¡rtenr
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CHASIER. q
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!.1. Iptroductioa
Antlbody antlten couplcxol arc forued by uol.eculc¡

yhlch coublae rpecLflcrlly rl.th cach otber. t{hen antL6ca-

antÍbody complerea ÍnvolvLag æn¡tLtusnts of the ncdlu¡¡ aro

foruod in l¡nophocytc culture fluidr¡ radloactlvs uatarl.al-

coprecLpLtatgs Bor-tPcclficaLly. A hLgb proportlon of ÛbLa

materl,a] can bc reuovcd by pre-treatuent rlth a¡r unrelated

aatlbody-antJ.gon preclpl.tate (flrorbcclcer Lg5Ol Parontlr

g.!, åL. , Lg66). For craupl.c¡ lf l¡mphoLd cct.ls a¡rntheeLze

radloactfvc antLbody to Ar otbcr radloactlve productt

coprecl.pLtats rl,tb an â-antl A couplcx. Tlrese otlrcr

radLoactlve productr alco prccLpltate r1tþ a B-¡¡¿1 3

compler¡ uhl,eh Lr not uadG by tbe l.¡mpboLd cel.l.¡.

Untl1 thc c¡tcnt of the cs-prGcipJ.tatlon of tboce

cubatancaa vitib antibody-aatl.gon coup1exes 1a dateruLncdt

tbe fl.nd1nga Ln Ch*¡tcr lr ernnot bc Laterpretcd rl'th fì¡].]-

eonfldsnce. lh,e prcãcæc of radl.oactlve naterial rhl.ch

appcsr. as a arudgc Ln autoradlograplr,s of Lmuno-electro-

pborctlc prtter.nt prctrnrred fron Labcl,led L¡mplrocytc cult'ure

flu!.da¡ suggotta thtt tl¡c labcllLng of cons l-nmuno-arcs 1n

thesc patternt ürry not rcpre¡ont r¡ratlrcal'c.
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Experl,mentr 1n t?¡tr ehapter rerG desLgned to deuoastrate

(f ) lbat antlbody-a¿tigcn preclpltatea¡ rshlch are not reLated,

to lu¡mgn protelne cs¡,ta1n radioactlvLty rhen formed in

radloactLva lrusa¡r l¡mphocytc culture fJ-uLd..

(a) Thåt rad.ioactLve labelltng of the lurnunoglobulLns t.n

fDP patterrur reprrsÊats r¡rnthsEis. ÎIrls rse LnveetLgatcd

bYt

(") forml'ag antfbody-a¡tigcn precl.pitatcs not

rel.ated to hunan proteLrrr¡ Ln agar after

elcctrophorealr yith radloectlva l¡mphocyte

cul. turs su¡rernatant r¡

(U) el-utl.on of IgG g.lobul.l-n frou the agar after electro-

pborecig and preelpltatio¡, of thf.s protet.n 1n the

eluate rftlr antLbody to IgG.

J.2. Matertal¡ an,d Metl¡odg

5.2.L.

I.or¡uation of antlbodlca to egg a1bumLn and. bunan ïgC

gJ.obul.J-n vac Lnduced 1n rabbl"ts by inJactlon of 5 ug of

purifJ"ed prnotcLn in O.5 n].r ul-xcd ulth an equal voluus of

trbeundtg couplete adJuvant (nffeo, Michigan, U.s.A.) tnto

both fore and bl.nd lfmba. Îb.le uaa repcated at onc scckf ¡

i¡rteryal. At firrtJ¡,er one veok I.ntcrval.a, 1O ug of prots1n i¡r

1 nJ. volu¡¡e¡ uornÊ gLvæ lntraveaoualy¡ vLa the ].atera]. sar vcín.
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After threc reeks of intravernous antigen admLnigtratLon, ttre

rabbita r6ra bled from ths lateral car vein and the 6cruu

yaa tested for antlbody. The eor¡rac of antigen adulnictra-

tLon uas contLnued with antibody produclng rabbits. those

rabbl.ts rore also bled at rockly latena1s (eO - 3O ul of

blood ) .

Egg albunl.n (¡t crystalli.ne¡ Brj.tÍs¡ Dn.rg Housea

(Australk), N.S.I{.¡ Australla) ras uade up to a stock

solutLon at LO øg/wL and portlona ïGre stored at -15oC

before üBBe R:re fgG globull.n yas prepared fro¡n rrorra]-

pooled Ësra by precipitation wl.th sodium suJ-ph.ate to a

fj.naL concentration of L4fo. Lt"" proparatl-oa rnetb,od hac

been descrlbed 1a fi¡ll detall by Straucs, e!, åå., (f9e4).1

ltre precfpl"tate vaa taken up !.n O.g* ealLne (bttffcrcd at

r'l[ 7.5 vLth O.O].U phoephatc) and. trLce preclpitated rl.th

sodLum sulpbate at Lhfi. the fl¡aa]. prcclpitatc ra¡ rc-

diseol.ved Ln bufferad sallne and dlalysed for slx days at

4oC agaLnst repeated changee of buffer at p¡Í 8.6 (O.O&¡l

lrl,g ltttt (try¿roxytuettryJ. ) aninornstþ?raer Sig¡na Chenical

Co.r St. Loulgr Mo.r U.S.A.]¡ O.OO5M phosphate). fhe

dl-a].yeed materlal yas loaded onto a co1uun (e * OO c¡¡),

packed r*f.th uaabcd DDAE-ceI.].ulose (Unatnaar Ba1ston Ltd. r
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England,)r uhicl¡ had prcvl.oueLy becn equillbrated ulttr buffor

(o.o4tl Îriar o.oo5Þl phoaphate¡ plr 8.6). ths coLuult üt¡õ

e].uted wLth tbts br¡ffer at a fl.ov rate rhl.ch rat not l.n

excera of 3 ml/ul-n. Íbe eluate fractionË rere col.l.ected

"¿ 1ooc.

Optlcal dcnaÍty (OO) of lndivl.dual tubes ïaa Eeasured

at 28O up. Protelu 1n tubea ahoul-ng a progressive lrrcrease

ile OD up to 2.O unl.ts and a].l those readLnga ) 2.O unlts

rer€ pooled and concentrated 1n dl-alysf-s tublr¡g agalnst

Carbowqx 2OM (G.T. Crurr Ltd. , London). The eluate ras

conceatrated to 1O rng of proteLn/ul and equilibrated by

dl.alyais for 24 hours at 4oC rLth buffered aallne. Portionc

uerßB ¡tored at -15oc betueen usrgr

Hr¡uan ûbyrogl-obul.ln rag prepared by ttre method of

Ðerrl,en, .e.t. gL. (f p¿+g ) "od supplLed by Ml-cs ALleen thompconr

Instltuts of Medical and Veterlnary Scl.e¡rcer Adelal-de. thl-s

raa uaed ac antLgen Ln studLec rltb tbyroglobul.l.n antlbody.

MouEe scruu ad, cbecp tñtldaoute terun arrtLbody rere gj-fts

fror¡ Dr. I(even îurnerr Department of lÍl.crobiology, Unlveralty

of Adelalde.

I¡rqnune prccfpltatea ¡erc for'ge¿ at equLytlG¡û'ce poLnt
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ín the eulture euperrratant to be ctudLed. PrecLpttation

technlqu€s îrêre perfor.ncd aeeptLcal.ly by fJ-Lter{.ng, at &oC,

the euLture suporaatante¡ antl.serum and antLgen through

Heurnir.gr e filters fltted rith bacterLal fll.ter påpêrár

(Stanaard gradc¡ oxoLdr Courtau.ldar Ltd., hgland). After

addltion of antlbody aad antl.gen, tbe soLutLona yero Left

to Etaud at 3?aC ror 3o ¡rl"autes a¡rd. rere kept at {oC for

tuo to tJrree daya. llre prcclpitatea rrstro raEbed carofully

twice rftb buffered sa].l,ue at 4oC, tatcen up in dL]-utc

aumonlu¡¡ lrydroxlde aad plated out on planchetc to be

counted.

J.2.2. ISP end elCctroohorstLE Ln Asar

IunnunoelectrophoresLs of tJrc eulture auperaatsntc 1n

agar and' autoradLograpby rera perforred aa deserlbad

prevLously (ctapter 4r SoctLon l¡.2.1).

In asveral cxperl.meata tb protel.n arca yere not

developed rrJ.tb antL¡era after thc cultr¡re aupematants had

been electrophoresed. In tåaae oxperLuentc sanaplec ïGtrs

Loaded. l.nto slota (f t 3O un) cut aerogs thß ccntre of J.arge

platea (fO r 7.5 cn) coated ul.th agar to a deptb of 2-3 un.

Tbe campl-e ras clcctropboreced in th^e manner dcacrlbsd

prevLouoly exec¡rÈ thåt electro¡rlrorc¡Ls yag extondcd, from
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få to 2 hourc. Aftcr olectropboretLs a transverao cut¡

I- nnn betrl-nd tbe slots torr'arde the catlrodal end uac rnad.e Ln

the agar. Agar fr¡om the catbodal end yas scraped aad va¡hed

vlth buffer fnto a gmal.I. beaker. the agar raa frozen at

-15oC and thared on glars ¡lnters fl.tted Lato Buchner

flaskg. ths agar ua¡ waglred rl.th buffered. sal.l.ne and the

eluate ¡¡as collected lnto th.e fLaske unrler vacuuu.

Ïrnuune preclpltates r¡ltl¡ antlbodLee to egg eJ.br"rmJ.n md

ln¡man IgG rere formed 1n al-l.quots of the eluata. the

precl-pltatiorr,¡ rerc not fo¡red aaeptlcal.ly but codl-un azlde

(t part in IOOO) an¿ usrtlriolate (t part l.n IOOO) uere

lncl-uded Ln the eluateg to LnlribLt nicrobial- grovtb. The

ftmune precipJ.tateg rêre yasbed carefull.y l¡rice rlth 2O uI-

lots of buffered aalLne at 4oC before belng taken up 1n

dil,ute NH,.OH to be platod out on planchets and cotrnted .4

5.2.3. Peoer cLectroohoresia

Portloas (O.Ot to O.OZ ul) of concentrated. dLal.ysed

eulture superaata¡¡ts ucre eLoctrophoreged on paper ctrlpa
(f3 e¡l x 2 æ) vfilr barbLtone lmffer. Electrophorecis yas

contimrcd. for 16å hours at a constant ampenage of 2 amps for

esclr ctrip. Ât the eoupletlon of electrophoreala, the rtrips

wêrc drled. Lrr an oven ¿¿ loooc for 2o mln, gtalned rLth
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Bromoplro¡rol blue¡ vaclred trl-ce rlth Sfi acatLc acLd,

with 5ft acetLc acld and cod.fuxn acetate. Íhe strLpe rar6

d.rl.ed again at IOOoC and pacced over concentraüad anuonia

ft¡meg.

e

E¡¡f,;f¡r¡

åtela: (arttrgu Drug

Housea) l.n 1 l.J.tre of ethyl. ãlcobol. taturated

rLth, 3OO æ of nercuric chlorl'de (LR grade¡

May and Beker Ltd., Ebg].and).

aalrlns (f ) Sfo ecettc acl.d (eornnercial,)

Sotutlon (ff ¡ Sfi acctl;c ¡ctd. vitlr 3 gø of codtu¡tr

acctate (.AR grad,e¡ Britl-sh. Drug Houses )

per l.itre addcd,.

Âfter the rtrLpa had beon rteined a¡nd ra¡hod ttrcy rsr6

cut lnto 5 m ¡ectl.oûs, ta¡red oa p].¡rrcheta a¡rd. oounted, under

the end vindo¡ of a GeLger Muol"lor countsr (mürrps Modsl

Pr. to32).

3O.9 ga aodl,uu barbLtone

Dnrg äouace) an¿ 5.52 @

Ln 2 l-Ltrec of dl-atLl.l€d

pH 8.6).

I gs of brouophæol. blue

(lR grade, Britistr

barbl.turic ac!'d

rater (p * O.O75¡
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5.3. Reaults

5.3.L. QuanSl.tatlon of. antibodv and forT¡at{oa of

lnsn¡ne r¡rsgl.pltates

The equl.val.cace polnt of tlrc rabbt t antfee¡ruu to human

IgG g"lobulfn vac deters1ned uitlr pure fgG g1obu1ln and whole

ln:m¡n aeruu. the æ,tl.serus Savo only one ].l-ne J-n the IÐP

pettcrr rben developed agal,nst ïhole buman øêrum (Âppendlx

VIII). îhe equivalerrce polnts of t}re antl--human tbyroglobutl.n

and a¡rtL-egg albumin antll¡odles against antigen rero alao

deterrnLned. thesa data rfth the correcpondLrrg IEP pattornst

appear Ln ttre Appendlcea I)( a¡d X.

I{hen antibody-aatLgen preclpltates uere fonned Ln

culture flulds of l:nnpbocytes¡ they contaLrred ra¿l{oactlvity

l-ryespectlve of their cpecLfl-cl.ty (taUfe 5.1). Tbe radloactLvity

1n the tlryrogl.obulln anttbody precLpltates was of tl¡e sane

order wlren ttrey r€rê formed J.n the supernatants froq cul-tures

of l-pnphocytes frou ¡ratlenta rrittr Hastrlmotors d{seaae as when

they wefe forned in ühe supernatants fron¡ cuLtures of normal

lymphocyteE. The radÍoactLvlty of egg al-bumLn-antibody

preclpÍtates ras of the saue order ag tf¡at aseoclated rith

human IgG gl"obul-1n-antlbody precl-pitateg.



?ablo 5.1. Raslf.oactfvLtv J.n lmuq,q pf¡açlnttarer
fggg¡! Ln _q¡ISure flul4e ,from
I.vuo\pcvte¡

Â¡rtJ'gca-antlbody pr. eipltatee v€!.o forsed
Lu flutdo of L¡mphocytea cuLùtrred for 2lt houra Lu
plaarn¿-free¡ suppleuented Sagl.e | ¡ neél.um pnepared

wlthout lor¡cl.ae. lll¡c crrlturo¡ ûoro üerrninated.
by freealng and ùharlng. Iuuunc precipitates
ïetìo forped tu al{qrotc of tJre cul.ture fLuf.d.
Prote:ln¡ Ln æother a.l!.quot yero precl.pl.tatcd rÍth
lc.¡l.

the radLoactlvlty lu tbe prec{piüateg h^a¡

been exproðËcd a¡ csurrta per tCI6 cc1la per pc

of 14g-feucine J.n tlre ucdJ.uu. llre rad{oacttvity
lras teot beon oorreeted for tt¡e an¡ount of proteLn
1n tåe precf.pitetcr¡ but thc ratLo of tlre co'u¿tr
Ln lüe lmune preel'pl.tate to thc total counta ín
tbe TCå, precfpltato h,as bcen €xptlÞãsod as a
percerrtage.

lbe crrlturcr uonr ¡tLmrlatcd rvl"th PHA or
uc'¡tl-mulated as Lné{catad.
I - Tbyroglobutin-antlbody (fg*) p*clpitatec
ïerBforrcd l.a ouJ.ture fLu{d¡ of t¡mpboc¡rtet from
patlante rrtth Ha¡bi.¡¡otof l d1rearc a¡d frou no¡,mal

doaor¡. the protcf¡¡ l"¡ tlrcse preclpJ.tatcc rac
16. j u6n (dotorrfncd by O.D. E¡rruroEent).
fI - E6g atbupl"n-antfbody (na.lu) prccLpLtate¡
ïsrs formod 1¡ or¡lture f].ul.de of lro¡tal l¡nrplro-
cytca. ll¡e protofi¡ fn tboto prcci.pttate¡ rea
!.t ngm.
III - Ilumaa IgG * entlbod¡r (fe¿U) proc{pLater rône
f,ormed Ln culture f,lufd¡ of normal L¡rnpboc¡rtca.
Thc protcl,u l'a thcre proclplt¡te¡ yâr 7.J2 m6rn.
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I¡nmuns prccl.pltates fortcd Lte tt¡c cul.lmrc fl.uLde of

l:nnphocytea, ubl.cb l¡ad bao'n lncub¡ted ult'h purouycl.n or had

baen klIled by frcezlag at -15oC bcfore culturc¡ co¡taf-ned ao

radLoactLvltyo

Imnuna prec1p1tatcr not rcl.atcd to huuan protclnc

contal'aed radloactLvtty rlra tl¡cy ïotlÊ forued, 1n srrlture

fJ.ul,dc rlrich had beæ dtalyred aad heatad at 57oC for JO

¡nl-nutea (taUl.e J.2a). tlre¡e prccLpLtateg rhen forcrned Ln

dLalyaed concentratod l¡nupbocyta culture fLufd¡ prcparod for

IEP analysla, coatal.nnd radioaetlvlty (tatre 5.2b).

5.3.2. SoeclfLc.Ltv of tebollLae of IDP Datterns

Ihe protsf.n src¡ labol.I-cd la noroal- IDP pattems h¡ve

besu dlscug¡od Ln Chnpter l¡. In tb¡ ¡tr¡dl.es raportcd Ln

tbLs chapter culture f1uLde vorc electrophoreced y{th lcouto

serurtr aa cgrrl.cr prnotcLn ¡nd the IDP pattern uas devcloped

rl.tlr rabblt antl.-nor¡t€ terljtu. Sevsral arca in tl¡e rcgl.on

of ttrre orl-gl.n and toverdr thc anodcl ead of tbc ¡I.Ldc ïGrs

I.abcllcd' Ln thc aeeomprnytng ¡utoradl,ograplr (fte. 5.1). t{o

arcr rorc tabclled torard¡ the cathodaL ond of thr IDP pattcrrn.

lhea rabbit r.nm contal.nLnß alrtlbodies üo cgg dblnln

rar uË6d ar carrl.cr dr¡r{ng eleetrophoroal¡ of tbo enl.turs

auperraatant¡ ttrc pracJ'pLtatlo¡¡ arc developed wl"tlr cgg a1bunLn



leb1e 5,2. (a) Fee albuqsq antLeen-antibod.l¡ fEaât¡.ì
g;recj.pLÈå¡bee {o¡pÊJLln }reFt,ùqeateÊ

a¡rÊ 4talyred,ct¡Åture fluLdg o1

rlogEal llmo,Ìroctrtea

L¡rnplrocytoa rere sultured ín euppleuented
Eag;lere mod5"um pæpared ul.thout Leucine and wLtll
140-1r.rc1lre. the culturor rere unatfr¡ulated or
¡tl-rnulatod wLth PHA as lndÍcated, the culture fl.uld¡
rêrê dl-alyeed agaLnrt 3 r 5OO nl. of phoqpltate

bufferad ealt.¡re for 2 days. ÅlLquot¡ r¡eare kçt aa

controls rtrl.Le tbe oùhcr¡ ïere l¡eatod for JOr aù

560c.

(b) Pq¡¡ ÊlbqE¿n antl¡r.egr-antlbodÏ
p¡gqtpttatc+-(Þ,p$trì troqpe.d fn p

nomal lrnrqÞ.o gf tp -Ft¿ltqrE_tl$Éd
nÊ¡oared tg¡Juqg¡qgalggt rol}horp e,f q.

Norral "lyapboryüea (7û x t06 coLLa) cuJ.tured
Ln auppJ.emnted F,a6lera uedJ.um prcperêd rrithout
Leucine and aontalning â.J ¡rc of l4C-leucins. Ilrc
culture fl.ulda rsre dLalyaod, ad conoeratrated a¡
d.escrLbed {n ttrre matbode for lmunoslccùrophorerl.¡
(gection 5.2.1).

After df.alyeLt rnd soaccntratLon¡ tJec fluld,s
oontatned radloaetlve uaterfaL rrbich copreofpitated
wLth egg albunl-n-antl-body ¡neclpÍtates.

In botJr tabte 5(a) anA (t) ttre irrcorporatLor¡.
of radLoactlviüy lnto tllc luuur¡ó precLpLtaüaø haa
been corrcetcd aad oxllrarrod r¡ eoutts/to6 celle
eulturo{,/¡rc of ltC-ta¡clnc 1n tbc nad¡.r.¡*.
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FT.g. 5.L A¡frpJel4þ¡tÊprrt,of IFP. pfåtern¡ qFcoam¿

cFnt¡r¡ mfotpfnq
GuX.ûurr ft ul,,d rat llrlpt¡r¡d frou r orrlture

oont¡luf.ng ?.9 ¡ 1O6 ertt¡ ¡¡d 8.! ¡ro 
l&C-l.r*Ltc.

Pattrra Â Lr rn IDP prGlr.rcd rl,ttrr, Eoutt
tatrun ¡ü raÞbit rntl.-¡ourt ta$uE. Mou¡o acrlurn

rer urod rr sræ1rr ¡rotcfa ôrr:tag, rhotro-
pbororlr of, otrttuzr flufd.

Prttcrrr B !.r a ¡utorrdLograph of tJra IEp
rborr ln A. llo lmuaoglolx¡ltn æG. æo tabrtlod
la llrr oat¡hodrl lrtr of thc fDP ¡nttcrn¡. Aror
¡rourrd, tzlrc æ1gJ.n and, üorard,r th¡ rnodal ond,

of tl¡c patton rr¡ horrrlty label'l.d.
Pettæn C f'r rlr IEP of lrunaa pl¡¡ma

dcvclopcd rLth rùotc huun aatl¡¡¡,tin.
Pettoru D 1r tbc eorrcrpondLug autorad{o-

AraPh prcpurd frcn tù'c IEF ¡horn l"r¡ C.
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ïas not labnlLed (ffe. 5.2). Slnl1arJ-y, the tbyroglobulfn

antLbody precJ.pltln arcr dJ ccusned 1n 6b4rter f ¡ ra¡ uot

label.I.ed by cultura fJ.ul.d¡ (ffg. 5,2),

5.3.3. Slutlon of {q!¡nc ¡rlobr+lJl¡Rg frornJlear aftc-

cl.cctropborgsL¡

the cathodaL portlon of tJre agar rraa el.utod after

electrnoplrors¡la of radloactlve ctrLturc f]-ul,d,s fron norual

l¡rrnphocytts. Bgg al.bunln-¡at1-cgg a1bumln in¡rls¡c prcclpl.tatcr

forued l.n the eluatca aluayr contal.ned go¡¡e radÍoactLvlt¡r'.

I{hen lum¡ne precipl.tatcr to ïgC and e6g albr¡ml-n rerc forred.

1n al-f.quot¡ of tlre cLuate¡ tbc radf.oactLvl.ty aegoclated rLth

the ïgC precipf.tate¡ yas al.re¡rr rlgnLflcanùI.y greatcr than

thât asgocLated ri.tb egg al-burnin prucLpl.tatcs, (taUfe j.3).

Hhc¡r P[Iå, rar inc]-uded in placna culturea Lt atiuulated

the ¡rroductLon of IgG. the data Lrrdlcaüe thåt ttrlc ctsstaacc

d.l.d not aluaye ¡tlnuLete fgG r¡mthcaLs by ceLl.g eultured l.n

p1agua-free ncdl.uu¡ althougb Ln cach caec l't stlür¡l.ated tlre

total s¡rn1ùecLr of proteín, (Tabte 5,J), PEA etLuul.atad. thc

total. productÍon of proteln by lyuphocytes rnore thsn Lt

stl.uulated tlre ¡rroductl-ou of lg(i þobulin¡ as fsr a¡ could bc

d.eterrrLued by ugs¡ur'1ng Lncoqporatlon, of l4c-].cuclne lnto

luur¡¡re precl.pltatcr, lhc Lacorporation of l&C-1cucLno lnto

IgG g!.obulLn reprG.m tcd. L-2# of tho total t'ncorportt!.oa by



Fig. !.2. IFP oattp.rn¡ preoaEr4 rfth tþU:o+lo&+lfn
-¡*{ha¡lrr on¿l ¡chh{ * ¡rrt{ }rrrdr¡ ltr a.o.ø'

a]ìbuuf.n

Patte¡n A Le aa IEP pettern propared wtth

plasna frorn a patl.ônt rLth llarhLnotorg dlgease.
One rLdc of ürc pattcrt hn¡ been dovcloped nl'tb
wboLe-bu¡nan-antl.terum rihl.lo tlre oth,er h'at been

developed rJ.ttr h¡rsan thyroglobulin to prscipl'
tatc antibodY Ln tJrc Plaona.

Patteru B j.t en IEP pattenr püopåred y¿th

rabbtt lêruu coutalnLng autlbodlet to o8ß

all¡¡mÍn. Dgg al.br¡uln rrar Lnc-Luded Lu botl¡ el.de

trotrgtrc. tho agg albunln-antlbody aroa carr be

fdontlfled La thcoaühodal roglon of ths ISP

patte¡T.
Pattcrn C Lr an autoradlograph prepared

from no¡mal l¡mpbooyte eulturs fl.uld.
îlhe tlryroglobuLdn-dtrtlbody aro and ths

egg al-bumL¡-antlÞody aro rcro not Labelled by
culturc flul.d,r of norual l¡mphocytcr. Thsee

e¡icr oocur la tJrc tane rogion of IEP pattornr
âß tbc lmunogloblrlJ.al¡ rhl.ch Tcrc labellod by

u,orual l¡mpb,oeyto cul"turc flul.da r
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Table 5.3.

fron e{ar êfter electrophoresis of culturg fluíds

Fluiils from nornal lynphocyte cultures wer€ concentrated

and. dialyseð. Sa.nples of the cultui'e fluiil rere electro-
phoreseð vith ca,rrier plasma in agar. Àfter electrophoresig

the proteins were elutetl from the aga,l as descril¡ed in the

nethod.s. Innu¡e precipÍt,ates to hunan T-globulin (IgC) and.

egg albunin (U") ïere formed in aliquots of the eluate' Both

precipitates conta.ined. ?.3 mg of protein (determined by OD).

Fluid.g from the folloving normal lynphocyte eultures vere

analysed. in this stud.y. All the cells rere cultured. in

supplenented. ,ragle I s med.iun Prepared without leucine and-

plasna u¡rless otherr*ise stated. The sample volune electro-
phoresed, a.nd. the total culture fluid volume are given in
pareDthesis.

The cuLtures contained's

T - 7.2 x 106 ce1ls an¿ 5 pc.of l4g-I-"o"io" (sanple vol.

,r- Stlträåt ":îTltJåtï;"-"Ì' 
ror-r"ucine (sa,mpre yo'.

0.15 mti lotat voh¡ne - )¡ - 1¿ ^III-14.5 x lo6-"ãif"-and. 10 pó of '*C-leucine (sacple vol'
O.15 nli lotal volurne O.3 mI),î,.^

IV- lo.O x fo6-ããir"-an¿t 1O pc o{-l4ç-leucine (sa,nple Yol'
O.14 mI¡ total volume 0.3 ml) '(a) nlasma free med.iunt
(u) l5oi" gutologous plasma ned'ium¡

v - à:ó i-îo6-""irã an¿^Z.i p" ãi r+Ó-reucíne both (i) an¿' (iil--""ã duplicates (eanbfe volume ù.14 mI¡ total
volume O.3 mI)

vr_ ;:öî"röô cetls a,nd. ?.5 l¡c of I4c-reuciner.bglb (i)
år"A (ii) are rtuplicates (in this experiment tl"
med.ium vas u.tppierented vith 25lL aut'o^Iogous,Plasma;
sample volume-o.I5 ntt total volume O.32 mI).

In experincnt vII lynphocytes from a Hashimoto

patient ïere cultured. in (a) plr-is6a-free mediun and. (b)

Zj"/" auto,logous plasna med.iu.m. The cultures contained' 7.2

x Io6 cells anð LO ¡rc of l4c-t.eucine (sanpte volune

0.15 mlt total volume O.nmI).



In every stud.y the counts per ninute in the Igti
inor¡ne yrecipitate were greater than the counts per mi¡-
utc Ín the egg albr¡nin precipitate. These d.ata provid.e

evid.ence that l¡rmphoc¡rtes synthesise IgG innuno ,Iobulin.
PtlA stimulated IgG aynthesis onee out of three times when

it was tested. in plasma-free med.iumr although at every
occa.rion it stinulated. total protein synthesis. Pll.A in
plasna-ned.iun alvays stimulated the synthesis of IgG

ímrnunoglobulin and. üotal prot,eins by lynphocytes.
The incorporation of }4C-teucine into lgrõ innuno-

globulin by unstinulated. lynphocytes represents 0.6 - 2.Lfo

of the total incorporation. This rsould. not represent the
percentage IgG inmunoglobulin synthesised. with respect to
i,he synthesis of total proteins, for this would. d'epend' on

the proportion of leucíne in tbe proteins synthesised'.

'Iable iixplaqatíon¡ The eoh¡¡nns from the left represent:
Expt - Ilxperiment nunber (ttre experímental detail ia given)¡
Tg - hunan thyroglobulin vas included in gome cultures at a

concentration of O.5 ngn/ml¡
PHÀ - sever¿l of the cultureg were stinulatsal wittr phyto-
haemagglutinin¡
CPli - represents the incorporation of l40-leucins into the
immune precipitates IgG an{ Ea ("gg albumin)r expressed as

eounts per minute;
Diff - d.ifference in CPÞl of IgG precipitate anð CPi'i of EA

p¡gçipitate t
/ffi" - the d.ifference in cPM in the inmune precipitates

of PltA-gtinuLat'ed. eultureg expresõed' as a Percen-
tage of the cont'rol value¡

CPM
total - CPM of total proteins in sanple Yolune analysed.¡

corrected to 7.3 gryn of protein carrier (the
incorporation of lt0-leucine into the total
proteins was for¡ncl by plating out snralL
ãnor¡nts of d.ialysed., concentratect culture
fluiit on plancnãtts' for counting) ¡



TÂBLE 5.3

$xpt. Tg PUå'
l{o.

cPu
fsG-na'

Ðiff . "þ
Trra

Cont
CPM

Total-
Ét#F

I
IT
ÏTI
nr(a)

(u)

v (r)
(¿r )

v¡(r)

(u)

vrr (a )

(r)

-16
82

267

L39
+ f31

l+72
+ 42L

- L73
+ 277

L46
+ e48

L56
+ zgb

t20
+ L53

6?8
¡t80

+ 662
+ú8

216
276

+ 8L3
+ 497

3
L3

I+2

57
B9

348
L99

7ztzj
57
8¡r

68
L80

52
48

256
207
51L
,+aL

L39
:.66
580
32L

L3
69

225

8e
l+z

L?'4
222

100
L54
89

t6b
88

11tl
68

105

42?,
283
151
L97

97
110
233
L76

L79

L5l4

r8k

154

67
35
,+7

113
eto
181

3960
rrt+3tr

7128
28710

5t+45
22374

2L33t+
2L33t+
685oB
6039o
16087
L3563
68062
¡851o

4o2

llrr

32t¡.

100
32r
283

8rr
423
3O]'.

2.1
o.37
L.7
0.28
1.8
o.6g
1.6
o.73
2.I
o.82
L.6
o.76
1.9
1.3
o.22
o.33
o.60
o.81
o.3lr
a.u6

+

+

+

29z-5o

57
10

4z
38130 1

/" yU./. - CPlf of PHA-etÍnulated. culture €x,pCont percentage of the control value 1protein) ¡

%I,cG-na'-total

re¡sod as &
total

The CPM of the d,Lfferenae oolunn expresøed,
Êd a percentage of the CpIvI of the tõtalprotclnr, this Ís_q measuronent of tho
llc-or¡'oration o¡ l4ç-leucLne into IgG
globuLin conpared. to the total incoiporation.
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unatttuu]-ated cells.

L¡ruphocytea from a Sashiuoto patient (studLas rlth this

patLent ârG r€ported ln Chaptsr ,+) rere ¿trl,tured ln pLarua-

free and, platna uedlum for 2ll boura. the J-¡ruphocytc¡ vere

cultured rlLttr æd uitbout PIIA and þs¡¡nr thyro6].obul.Ln.

Fluid.e froqu tbece cultures rere eJ-ectrophoreeed J.n agar ara'd

tþe catl¡odal portlons Uero eluted after electropþore¡j,3.

the radloactlvity arsocLatad uLttr egg alhrmit¡ lmune

precLpltate¡ rlat of tJrc aaate ord€r as that assoclated wftþ

thyrogLobulln aatl-thyrcglobulln precLpitateg formed ln

alLquots of tho eluata. the radioactLvity aeaoclated vLth

lumune preclpltatos to IgG g.Lobulin ras greater than t|¡åt

asgocLated rl.th egg albunJ'n prçcipltates (tatfe 5.3, Ðxpt.

vrr).
9HA stl'mulatcd ttre productlon of IgG iu pLasma

culturss but dld not ln plaæa-frse nedLuu. lbgroglobulln

LncLuded l-n uncti¡rulated and PllA-¡tinulated plaarna-freo

cultures and 1n unstimulated platüa cultures cäd aot

stLuulate tbe productlon of IgG globul1n. thyroglobultn

Lncluded Ln PllA-sttuulated plalua eulturesr appeared to

Lrrcrease thc ctùntrl.atl.on of IgG g].obu].in productlon abwe

that erlrectsd by PHA alone (tatre J.3r Expt. vrr).
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Label"led antibody could not be dEtected by the techn-

iquea of Lnnunoelectrophoresls q"¡d autoradÍography i-n tbc

cultune fl-ul.de frou Hash.Lmoto L¡mpbocytee¡ ercept Ln that

from a pllÁ'-stimuLated plasma culture. Tbe f1uid fron thl.a

cul.ture weak1y 1abeLled pr¡rt of the thyroglobulf.n arc Ln the

IEP pattêrn.

L¡rnphocytes from tbo Hash.luoto patLent were al.so

cultured for 72 bours 1n Eaglera uedium s¿rpp1emetated rl.th

ZAfi caLf serun. the l¡nnphocytes usre cultured t¡lth and

wlthout PHA. llryroglobu1in ras lncluded in ttre nedLu¡n of

one unsttculated cultuæ. Aftor e].ectropborcsLs and clutLon

frorn agar of tlre culture fl.uLd.ar no labell.ed antl-body could

be detected in the sluatoc,

5.3.4. Paoer aleetrophoretic,sùudl.q¿

Sanples, rhLch had beerl proparod for ÏDP aaalysle¡ ïêrê

electrophorescd o¡r paper rl.th carrlcr pnotel.n. thc eLectro-

phoretlc patternc obtafned rLtJr the auper:natantg from cultureg

of unstLmulated and PlfA-ctlmulated l¡napbocytea ar€ suumarf.zed

J.n FJ.gure 5.3. Radl-oactt-vlty rras aproad thror¡ghout tbe

electrophor¡etl-e patterne except tb.e albumin reglon. Much

of the actlvJ-ùy re¡fded.¡aü ùbe orl.gl'n.



FLg. 5.3. Paper ,ol,a-etroohorettl qf lrmailrostq
anrt trrrl fl rr{ rlr

l{onmal l}¡upbocryte¡ wcre çulturad l.n corrmer-

cLal" Eaglerg rn€dfus ritlr 2.5 þe or l&c-teuclne

per mL. Îb.e cultures eoaùalned ?.6 x ro6 cell¡.
Eluld¡ frou tho¡e culturor rerc concontrated
and d,la1yaed¡ O.1 ul ranplel (totar,volurnc
O.J url ) vcre eloctroptrorcced on paper atrlpa
ruÍth O.1 ml of car.r{er protcln (Uurnsr aerurn)

as descrfbed Ln tb.a text.
A - shova the radloacülvtty a¡roclated vitlr

a pattern prêpered fæm unl¡tluulaüsd J.¡¡mphocyte

culture flul,d.
B - sh,on¡ the radLoacttvf-ty aacoeLated

:rltJr a pettorü pn parcd frtu a PH.å.-¡tl.suLated

culture fluLd,.
îIrs radloacü{vl'ty erroel.ated vLtl¡ the

elaotrophoretLo ¡nttom¡ h^or becn expresaed,

aa cor¡nts per ulnute (Cfu) Eoatûrrod, 1n 5 m
atrdpe (ree mtbodr).

A econ alrorLng the poaLtlons of th,e

pnotsLnc after elcetro¡úrorcrl¡ Lt drorn l¡ ttre
Laact. PIIA ¡tl.nulatcd the !.noorporatf.on of,
1&C-1r,r"l-o" lrrto a].l. tbe protel'nr Lcbel].ed ln
control pattcrrrr. Vcry l.l.ttls aetlvJ.ty La

a¡¡ocl¡ted rt th tbe albuul.a peak. Moat of tbe
actl.vl.ty ro¡dded at übc ortlgJ,a.
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PffA rtfirulated tl¡e j.neorporatlon of radioactlvJ-ty into

al.L categorles of Prot€lrr.

5 .4. Dl-qcur slon

Rad.ioactlve protciat rculd be expected to havc aLuilar

clrerulcal and pþy¡lcal propertfer to non-radloactLvc protela3'

140-t"U"Lled antlbodLåt and antLgcns vould therefora be

expocted to conblnc ¡rith antlgcrr and antLbodies to fort

ímmtrne cou¡rleres Ln thê tame mânnor as tþeLr unlabel-Lcd

natr:rally occurrLng counterlrart¡. Îb'e Lncor'¡roratiorr of

radLoactlvity Luto protcLrr and l-t¡ aubeequent identLficaùlon

by lnrrune prceLpltatlon should prove to be a valuaÞLe technl'que

Ln qual.Ltatl.ve Lnvcatigatlorra.

Nevertheleac¡ tbô tecJrnLquc I's not wltþout its dl-fft'-

cultJ.ea¡ as other substanceË ars knorrr to combi¡n rLth antibody

antigen lmurre precLpÍtatca, for exanple cornplement atild

1¡munoconglut!.nln. Eefore lt can be demonstrated that tÏre

14C t"b"lled protclns l-dentl,fled by lrruruno-precfpltatLon

tochnfquea are s¡rat-trerl-tcd by l¡mphocytea¡ one þag to exclude

tb poaaibtlt ty of other l"abellod aubstances çs-preclpltatlng

r*ltb tbe cæplexcr. In the studlea reported ln tlria cqrtcr

several technLquc¡ have besn cnployed to demonstrato that

the radloactivl.ty atËoclatcd ïlth the lumr¡noglobuli"n arcs
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in IEP pattcrog rhl-ch h¡ve been prepared from culture

supernatantrr re¡rraeentc s)rnt¡recls of tJrese protel,ns by

l¡nrphcytea '
.Anttgøn-antl.body preclpl"tea¡ l-rrce¡rectlve of tbe1r

rel-atLon to lu¡uæ pnotei.nsr contaLned radLoactivLty yben thsy

r€:rê forraed l.n l¡mpbocyte culture rupernatants. Îre radio-

actf.vJ.ty asaoc l¡ted rl.th thyrogl-obulJ.n æt1-thyroglobulin

luuune precl-pltatss va¡ of the Ëane order wlreth,er they rôre

fo¡red ùn culture fl.ul.ds of lyupbocytes prepared frou nonnal.

donors or frou poople cufferl.n6 fron llaslrluotote dlcaâgrgo

A.ntibody to thyrogl.obuJ.ln bad beon demongtrated l.r, tbe

cul.turs fJ-uld¡ of J.ynpbocytca prepared from Haghi¡¡oto Ar by

tbe technlque of lmunoel-ectropborosLc (Ctapter l1). L¡nmpho-

cytea frou Hashfmoto D uay also be e:rpected to be able to

eynthe g{ze antibody al.though thls couLd not be dcmo¡,strated

by ùnuunoelectropboresls md autoradJ.ography. Horeyerr

Hasbluoto A pl-alna ra; uged ag carrl.er protel-n in tlrege

etudice¡ tt l.s porcLble tbat th.c m.tfbodLcs produccd by

IfashLmoto B had dl,fferent cbaraeterlstics. No¡mal l¡rnph.oeyües

would rrot bc ex¡rected to prmduce antl-thyroglobul.in antibodlec.

PHA dl.d not al.vayc atl.nulate tbe æount of radloacttvlty

assocl.ated rl,tb thsse lu¡un¡c preel.pitates. It dl-d' not stl-nulate

the radl.oactlvl'ty 1n tbe precl.pLtats uo¡¡ê than that in the
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total protefnc crcept ytren ft vac tested ul-th L¡nophocytea

from llashLmoto A. PIfÀ uay havs stimulated tbe productl'on

of antlbod.y by tþe¡e l¡mphocrytcc, so that an lncrease ln

actlvJ-ty L¡ tlre Lmune precLpítatc¡ tao assoclatad' aot only

ultJr an lncreaee Ln radLoactive materl.al ç6-prêcipitatl-ng

w{ttr the imnurr€ pr¡Bcipítate but rlth arr increaso 1n antlbody

productiore.

The actLvlty acsoclated rlLth the egg al-bumln-antLbody

precipitates uag aluilar to that associated vl-tt¡ tlre IgG-

antfbody preclpitatea. PIIA stlmulated an lncreagc ln the

radLoactfvt-ty assoclated wl-th botjtr preclpf.tates. Ilorevçrr

the increa$e aafioelated ulth ttrc IgG antÍbody prscipitates

ïas g¡1êater than tlrat aaaoclated rl"th the total prctelns.

this ¡¡ay n3pt¡et€nt not only aa lncrease 1n the radloactlYg

substance s6-pr'Bcl.pj-tating wf-th imuune precipJ-tates but an'

lncrease in the produetíon of Ig0 in ttre presenee of PHA.

Parentlr Ê1, AI. $gee) dæonstrated by lunnune prscl'pltatloa

the s¡rnthesLe of lgti globulln by lynpb,ocytoø. lhey absorbed

out radloactlvc cuLture superizatants vl.tb luuune prccLpLtatec

rrot Epecl.fie for l¡¡man proteias J.n order foreuove co-

precLpttattng radloactivc ¡¡ater{al. llee l-rrco¡poratLon of

presurtor |!rto Ig{} globn¡llu uaa bascd on the dL.ffercnco fn
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radl,oactlvlty aegociated vLtb th.e lmmurre precipltate to fgG

globulJ-¡1 a¡rd that aesoclated rLth an imuune precipitate not

related to hur¡an pnotelna. llrese precfpftates ïere performed

J.n aliquotc of thc absorbed cul-ture fLuJ.ds.

Technl-ques siul"lar to tboee uged by ParentL vere

empJ-oyed ia the Lnvestlgatl,ons reported 1n thig chapter.

Eouever, the dl.fferenceg between thc J.u¡uune precipítates

yere not sLgol-fLcanÙJ-y ga'eater th.an the varlatLon in ttre

background counts of the counter. th,ese difflcultiee uoul-d

be resolved to aone extent by p¡rovldlng adequate 120-J"".r"1rr"

1n the medJ'uu for lyupbocyte grorth and by f.ncreasLng the

aunount of l&C-teuclne to rrrlsure cignl,ficant incorporatÍon

of precurSof,o

II¡e technJ-quea employed by Parentl had beern uged

prevloucly by thorbecke (tgeo ) and HelureLclrr .eS. 3.l., (rpør )

to deuonstrate the syntJeesis of IgG gloh¡J.in by rabbit l.¡mph

nod.e ceL].s. Hulliger aad SorkL¡r (¡.g6ü) demonstrated. tbe

synthesis of antlbody by arterial blood leukocytea prepared

frou h¡4rer-fmuune rabblts. llrey employed radioactLve

precurÍ¡orsr but found tlrat tlre radLoactfvity aseocl-ated

¡rl.th non-related antlbody-gst{gen eouplexes uas reLatlveJ-y

emal1.
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The radloactlvLty assoclated ¡Lth immune precipitatas

not reLated to lruman proteinal vas not reuoved by haatLng the

J.¡mpbocyte culture fl-uidc at J6r for JO rnln¡ nor by dLal"yalo.

Soue couponeatc of compl.etnent uould be expected to be

destroyed by thcce prccodures (f"U"t æd Mayerr 1961).

Tbe probleu raa to iaveatLgate vh,Lch arcs tn fEP

patterna rere J.abel'I.cd by tlric rnateriaL and' i'n partlcular

l-f tbe LabeLl.l.ng of tlre luuunogJ-obuLl"n arcs represented

s¡rntleesl.s of these proteins. thLs problen ras approached

La a numbsr of uays.

Egg al.burlin-antlbody preclpltln arcs forr¡ed. J'n agar

after electropboreale of culture flul-ds ïere not J.abel.J.ed.

SLullar1yr thyrogl-obuli¡r-antibody precipitln arcs rere rrot

l-abeJ-led after eJ.ectrophore¡J.s of nonmal- Llmptrocyte culture

fLuldc. Both of thecc precl.pltl-n arce occur on tbe cath,odal

efde of the orl'gfn 1n IEP patterns.

Iùhen uoure sêruü rra¡ ured a¡ carrLer proteia vlth

l¡mphocyte cul.ture fLuLdc duz{ng Lununoelectropboresl¡ the

ares in the region of the or:lgln a¡rd tovards tbe anoda1 rJ.de

of the pattett' rere l.abel,I.ed. No arcs torardc the cathodal

ead of the pattern contafned actlvlty. the labelll-ng of thc

arcs correcponded to thß arêa of tbe emudgc of radfoactlvlty

on thc anodal alde of ùbe or:Lgln Ln most autoradiograph,e
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(crrapter 4 ).

[l¡e obaeryatf-ons ruggeat that raôioactive ¡¡aterial

se-precÍpiûatLag rfith luuune precLpitatea Ln the llquld

ptraao dLd not label arcs ln tlre cathodal reg:ion of IEP

pattemo pr'êPtred frou labeLled lyuphocyte culture fluida.

Substantfal portLons of thc luruunoglobulLn arcs are found

Ln thls region of IDP patterns. Since tl¡e lumuuog:Lobullns

ulgrate towardo ttre catJrode durl-ng elcctropboresls 1t should

þe posslble to elute tJrese frou th3 agar and recover tb'en

fron tbe e1uate.

Ile radLoactivLty J.n tUe Igû funuune preclpitate¡ for.med

|n tþc eluate re6 alwayt slgrrLfleantly greater than thåt

found in the o68-a].br¡rl"n precLpftate formed I'n aa a1iquot

of the eluate. IIo¡ovGr, th,e radloactlvlty assocLated rlth

tbe Ggg-albuuin lsrune precLpltate ¡raa not reduced to ugro.

Thts auggeated tbat a æall- asount of radioactlve substance

had nlgrated torard¡ thc eatlrodc. A proportlon of thl-s

mater{al uas probably canpled rhcn tbe protel'ns rraro cLuted

from tlre agar ou thc catþodal ¡Lde of ttre orLgln. II¡c

radLoactlve ruudge evldent in autoradlographs díd extend'

back a small dlstance torardc tbe cathode frou tbe orl6ln

(Clapter t). Nevertholeaa, the poøalbil1ty cannot be

excLuded. th.at non-sBs cf.fLc attacbment of labclled imuuno-
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globul1n to tbe egg albumin lmnune precl-pltate occurrêd.

PIÍA stluulated tlre productl,on of IeÉ by llmphocytes¡

eacþ tl.ue it ua¡ Lacluded la plalua uedluu. Thl¡ ¡ubatance

stLuulated thc lncreasod productLon of ÏgG only ollcê out of

thrce times rihen it raa LncLuded Ln plagua-free medf.uut

although Lt stLuulated tb productlon of the fotal proteLne

eacb tiae. the dogree of lge éobul-fn atlum1atLon ras

¡ruch lees ttran tl¡e atLur¡lation of the totaJ- protein"a {n

every etudy.

frese obccrratlons tuggelt that the cu.ltured cellc

wer€ heterogGncout vLttrr respact to tbelr metabollso. lhe

reduced stiuulatlon of I6G produatlon couparcd rltb the

stluml"atl.on of tbe total ¡x.otcLnl by PIIA may be e:plained

by rccal.l.lng an obaeryatl'on made I'n Chapteî 3¡ tbat PHÀ

ctl-uul.ated tbe productLon of protcl,n by ce1lc whlcå Yere

not u¡kLng proteLn ia u[ttiuulated eultursa.

If ir'¡qetlve cc1la 1n unctùlulated culturea rcro not

etlmulated by PtrÀ to produco IG9, tbe Lncreaee Ln th,e total

protel"rrs would erccGd that of IgG productlon provLded that

thc atLnulatl.on of al.l tbe cclls rtã pro¡rortLonal. Af-tct3a-

tl.vely, Lf PHA dl-d aot stl"¡ul-ate al.l the coll-s equallyr tlrcn

Lt Lr porrLble tbat tbere raa a groater Lnerea¡e l.n protcln

productlon by those cell.s uot makfne IgC gl"obull-n. Eoth' of
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tb,eee effecte uay banre bcen at rork Ln tbe aystem.

PIIA did noÈ alrays stluul.ate IgÊ s)æthecLs ln plasma-

free medJ.uu. Thl"s obsertratl.oa suggests that placua may

have been noc€saary for tTre sti¡oulator"¡r effect of PEA on

IgG producLng ccll"ar fsolated flou ccvaral nomal. donors.

SlunilarJ-y1 PIIA d1d not alrays ct{uulate atl lncreasc in the

total protel.n productlon by Lyupbocytca cultured l-n plarna-

free r¡edlurn. th.e stin¡Latorl' effects of one batch of PIÍA

lras been sborro to be varlabl.e betueen no¡staL l¡mphocyte

dol¡org.

Pareatt g$. gI.,(].96e) reported the stùuuLatlon by PHA

of IgG gl.obull.rr produced by lyuphocytee. lìre gtLmul.atloa

of IgG rag ].esc than th.e ¡tlnuLatl'on of totaL protclnc. In

thel-r erperiuentc autologous plaana ras uaed to euppleuent

tlre ¡nedlum.

Ripps and Hl-rgehbolrrr (tg6Z) tavc recently reported the

s¡mtlletir of ÏgG gl.obuJ.in by ln¡man perJ.pheral" l¡mpbocytea

culturcd for lrevon days 1n a calf terum auppleuented Daglers

uedlum. Ih,cy found that tho syrathecLe of totaL protein and

IgG yss a ma¡imuu on ttre thLrd or fourth day of culture.

PIIA ¡tLuulated both the total- protelru and IgG productl-on

go th^at tlre relativc a¡nounte of canå rere not uarko¿ly

affected by PIIÂ. lhe stfuuLatl.on of IgC globu.l-Ln ras uauall.y
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5-7 tl-mes ttre control valuect vhJ"l.e that of total pnoteÍa

Taa Eore trran flve.

PI{A Ln autologour plaana mediun gtJ.mul.ated l¡nnphocytea

frorn a HashLnoto patLent to sake antLbodyr detectable by

ttre techniquea of lrmunoclectrophoresia and, autoradLography.

No 1abeLled antlbody eould be detected Ln ungtiuulated

pJ-asua "rritores or 1n pLaoua-free cultures by theae tcchniques.

No l-abelLed antlbody could be detected Ln the eluates

after eleetropboreaLg and elutLoa frou agar of the culture

f1ulds. No labelled antLbody could be detected by this

techntque 1n fl-u1ds frou lynpbocytea cul-tured for 72 hor¡re

Ln zC,fo calf Éerum cuppleuented Eag],ef a medlum.

lhese data suggest tbat the antlbody produclng character-

Lstics of thl,e patfent bad changed. Some ürelve uonthe

separated the oboeryatlong reported tn Chapter l+ and tbe

obserÍ/ations rcported Ln th,l.r chaptcr. D¡¡1¿n" tbia time

tbe patlent var progrûånt and blood vae not taken untl.L soue

time after thc bi.rth of the c.hl.I.d. the antlbody titer

of tbe pstleatra rerum vas Euch Lesg at the second obsenratlon.

Lyuphocytec frou thie patl,cat uade detectable anounts

of IgG globulin. PHA stLuulatod l.ts productiorr Ín plaaua

medLr¡u but deprecsed lta productloa in pLasma-free rned.itm.

lbyroglobu1ln l-n pJ.acua-free uedium had, a sl-l-ght inblbl. tory
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effect on the amount of ].abeLted feû detected¡ but thl-s

va¡{.atLon rnaybc w!.t}rln t'he range of experluental error.

Ilowsver, tn plaaua uediuu, thyroglobull-n wlttr PHA stl-nluJ.atcd

botb the a¡nount of l.abelled fgG detected and the total

Lncor?oratLoa of l&C-teucl.ne into protel.n beyond tlÞt

expected by PHA alone. Ibe c1gnLflcance of thLs effsct

needs to be sub¡tantLated by uore experluentaL data.

thl"s obeeration uay r'epresent an lncreaae 1n ttre amount

of antlbodyr br¡t l.n tho absence of evLdetace to enrpport

tbLa¡ conclu¡fong cannot ba uade. Until detectable auounts

of antLbody are made by lfmphocytea from t?¡is l{asl¡Lmoto

patLea.t f\¡rthsr fnvestLgatLon into thls problem J.s 1ùnfted.

the spcclficl.ty of tl¡c labelJ.l.ng aesocLated vith the

precJ-pl.tl.a arcs in the a and P globul-in region of IEP

pattenre cannoü be fnterprcted v1th flrl-l confldence. Area

formed rtth mouso reruu a¡d antfaêra rre¡re ].abe]-].ed 1n thlc

regLon after the sa¡nru had bsen elecüropboreged wlth cul-ture

supenuatants. th,e J-abellLng of the arca¡ baptoglobulla and

transferrÍn¡ reported Ln ths Last cb,apter are cubJect to

thl-a crl,tlclsm. l\¡rther lnvertigation Lnto the epectficity

of the radl-oactive l.abeJ.1.i.ng of these proteJ.na uslng the

uetbodg descrlbed by Thorbecke (fgeo) 
"ttd 

Hel¡rreiclr (fg6f ),

Ls requl-red.
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Hircchbornr g.t. BL., $g6l) rn an earJ.Ler report demon-

strated tJre eyntbesls of IgG by culturcs of human J,¡rupbocytea

ueLng radLoactlva traccr¡ and paper electrophorealc. the

reaults reportcd Ln thLg chapter l.ndleate that trrls techn:lque

La unrnellabl.e, ouggestLng that largc annountg of rad{oactLvtty

reualn at the origLn and 1n the regiorr of IgG ntgration.

If tr.l"c l.e Bor ,labe]-Ll.ng in tlrf¡ rnegl.on cannot be attrlbuted

to IgC af-one.

tb^e nature of the uaterLal ç6-preclpf-taù1rg rítb lmuune

precLpítatec hae not bean inveatlgatcd. Xb.Lg materl.aL Ls

stabl-e to heat and ls not d.lalyeable, tests whLch, euggeat

that l.t fs not conpleuent. lbe snudge of radloactivLty

as¡ocLated rl.th IEP pattcrns of nomal. culture fJ.uLds hag

been tdcntl'fied rl-th tJrl.e uaterial but this radloacttvity

rray a.lso be acsocLated vl.tb donatured l.abel.J-ed proteLng.

lhe areae of thc fEP ¡ratteraa corresponding to the

auudge of radl.oactlvLty ln tbe autoradiographs, ïere ll.gbtJ.y

gtal.ned rith. anLdo bl'ack¡ a ¡tain for protel.n, lhc h.earry

radLoactlve labe1-1J.ng scsocLated wl'th these ar6aa cuggeatc

that the subgtance hag a ht€È specLfJ-c actLvf.ty. l{o radle-

actlvlty wa¡ detactod ln IEP pattcr"ns prepared frm fJ.uJ.ds

of l¡¡uphocyte cultures Lnsubated rl'th purouycin or kL1Led

before Lrrcubatl,on by ¡psçglng at -15oC. trmmune precJ.pitatea
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perfontred Ln the ruperaatanrts frorn such cultures uere not

1abel].ed.

Ia suutary the precent cvlde¿ce auggeetr tlrat thfc

matcrial ls ryntbesLzed by J-lmpbocytos and 1s bloclced by

puromycin. It eppears to be a pnoteLn contaLning a hl.gb

amount of radLoaetivity. It ir stable ùo heaù (¡6") end l.s

not dl.alyaabl.e.

5.5. Suurmary

(f ) I¡mruae pneclpl,tates not related to lu¡man serÌ.rn

protel'ns roro radLoactl.vel-y l"abel.J.ed vhen they

yero formcd l.n strlture fluids contaLn{ng radlo-

actlve lyrnphocYte ¡noduets.

(e) nrAroactlvo matcrC.aJ. rh.Lch se-pf,€cipltated rtth

iuuuac pnccipltates¡ vas pnotel.n a¡mthcal"zed by

J-¡nnplrocytes ag showa by lto absence L¿ crrlture

fl.ulds of lynpbocytcc kl.J.I.ed before l.ncubatLoa or

L¡rcubated rlttr puromyeln. Ihi¡ uaterl.al was l1gbtly

staLned rl,th æido black ln IEp patternc.

(3) lfter pnotc{ne, rhLch. rero aot rs1ated to buuan

terun pnotelnrr had bsen electropborsscd f-n agar

vLtlr labcl.led culture fl.ul.dar ühe preclpttLn ares

forucd vf-tle aatlÞody rêre l.abelbd in the a, ano.ó' p

globul.l.n reglon br¡t rere not J.abeJ.I-ed Ln tbe catb.odal
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reglorr of IEP patterrs.

(¡) The protefng in tha catJrodal regl.on of IEP

patteraa uere eluted frou agar after electro-

phoreel.c and Lwune preclpltates yere , fornçd

1n the eluatec. the radloacttvity in tbe buman

fgG - antl IgG precLpJ,tatea rrag alrrayc greater

. than that i'n tbe coatrol. egg alburnl-a - antL-eg6

albunl-n preclpltateg.

îI¡ese data indicate tbat:

(f ) soue of the materl.al- co-precÍpLtating rlttr

l'umunc precl.pitatcs can be reu¡oved by electro-

pboresLs frou thc catlrodal end of IEP patternr

aad¡

(ff ) that tlre rar{{oactivc l.abe1l1ng of IgG can

be deuongtrated by Ldentiflcatloa ia autoradlograph

patterr.s and by prccl.pLtation by apecific a¡.tlbody

in eluatee frou agar after el-ectrophoregl.c.

(6) PHA stùnulated the productlon of IgC by l¡rnphocytes

cultured ln pl-asma med.l-un. the sttuul.ation of

tbls protel-n by PHA v¿s lrregUlar in placua-free

medl.ut¡. the degree of atlutrl.atl-on of IgG ras lese

than tbc stimuLaùLon of tlre total- proteL¡rg by PIÍA.
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CITAPTER 6

ÎTE D¡.FDCÎS OF ALIIf,;TN¡.LA}O{AWSUPPRESSTVE

DNUGS ON LY}f PITOCNE PRTTE.TX SY$TITDSIS

-æ
6.L. Introductlon

ttre Luportanoe of ttre L¡mplroeyte ln the lprtn¡¡16]sg|ca1

recponsss of tlre body a¡rd Ln ínfJ.ammatLon h,as been revleved.

L¡mptrocytes are found 1n l.nf1amatory lesl.on¡ of dLffercnt

t¡pes. lþey are preaent in chronlc lnflamatlonc of knownl

aetiology, for examp.le tuborcr¡Loain¡ ln experinentaL auto-

fumune ].esions and Ln varioug nor¡-tpècLflc infLamator1r

processês caueed by phyelLcaL ead chenl-cal agenta. L¡ruphocytec

are abundant 1n cbro ic lnflamatLon of unlmovn aetlology ln

mâtt¡ for exæpJ-e rheumatoid artlrrltis. The mode of action

of drugs rùictr nodif! tlria ¡rleea¡e and are effeetJ.ve 1n

ttre chemotb,erapy of autol.Eruutte .t{ ssageg and bouograft

reJection anô unknom. ObeeffatLong such ac thecs J.ed to

the etudies roported Ln thle chapter.

In ear.Lier ctudies l.t hae been shomr that plaeua-free

medlum l.c suitabl-e for ab.ort te¡m L:¡mpbocyte Lncrrbatlon.

L¡mplrocytes culüured lu this sediun uerle rauovod frou

substancee wl¡Lcb aay affoct protoLn s¡rnthesla (Iburtn, L966)

and j-n the ctudl.es to be deecrlbedr the effocts of the
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interactlon of drugc rlth plaama ha¡ been avoJ-ded.

Convergely the ínteraction of drtrga vLth pl-as¡úa can be

detected.

îl¡e etudiec reported Ln ühL¡ chapter ucr€ dorLgned

to dæonrtrato s

(f) That a wl.dc ran€a of Lnnunotuppros¡ivc and antl-

l.nfl.a¡¡øatory drrrgr u¡ed in clluical practfce sffoct

protoLn and rl.bonuclet.e ecÍd uetaboll-au by l¡mphocytea.

(Z) that naïry dnrgc can bc ccreened for tl¡cLr effect on

protel,n aynthoaLs. ltrLa va¡ dono Ln a n¡¡nbor of rayc¡

(r) Uy testlng dn:ge at aclected concentratLonc ultb

ly'rnplrocytea from onc donor¡ (ff ¡ by tettlrrg oach dnrg

at a rerrg:e of concentratlons r1ùlr oun proparatl,on of

Llmptrocytce and, (ffr) UV tcrtLng dnrga at seLectcd

conecntrationc rlth l,¡mpbocytc preparatlons from a

nunber of donorr.

6.2. Matcrl.a].a End üoth,od¡

6.2.L. 9g¿iË@

tho preparatlon of llmphoc:rte cu,lturss fron rhol.c

blood lras been dcecrlbod prevloualy (Cnaptar e). the

cuLtures rert terul.nated by freczl.ng (-l5oC) and the

'.ncorporatl.on 
or l4c-teuclne lnto protein ras deteroLncd

by preclpitatJ.on rlth 5* trtcAnoracetle acid.
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In uany of th6 fl-gurea Yhl-cb arc LncLuded in tb'ls

ahapter¡ tlre lncorporatLon of 14C-1"rrelne haa been expreaaed

ln one of tro rays or both¡

(f ) gpU roprosenb tbe actual countc ¡rcr uainute uearured

Ln ths lCA precipitatc under the experLuental

corrdltl.onc.

(u ¡ Percept Actl.vitv is d.cflnod as th,e

CPM Ln culturc rl.tlr dnrg x t-oo

CPM tn sulture vtthout dnrg I

The folloul.ng dngc yêrs added to tlre cuJ'ture uedlus

(ttt" abbrcvl'atl.ons uted Ln the ft-gurea Ln thic aectlon and

tlrrotrgbout tbe tlresLc aro givoto Ín pareatbacLs¡ together

vLth the trade narna ):

(lnu) - CUoraubr¡cLl (-Lcukeran, purs porder, a gtft of

Burrougb¡ lfcll,come aud Co.r London).

(Hlr) - 
:::jT1n"""""'" 

(-Anturan¡ r'ure powdcr, a gift of

(t¡x) - O*yphonbutazona (-landcrLlr trnrre pouder¡ a

(u*) - ;"ri:t::îl'(-ponrran¡ pur€ porder¡ a sr.rr

of Parkc Davl.a and Conpany, Sydney).

(fxo ) - IndornsthacLn (-Ineocid¡ puæ pouder, a gf.ft of

Merckr Sharp and Dohnc, Ralrray¡ Il.J . ¡ U.S.A. ).



(c¡u, )

(s¡¡,)

(rrt)

(rsr )

(uCIr)

(s¿x)

(em)

(¡¡n)

(con)

(nro)
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ChloroquÍne phorphate (-Chlorqulne¡ anpoulec

for lnJcction¡ Drug Houses of Austrsl.la).

Sodlum ca].l,cyl.atc (-r6agent grade, BrltLrb

DnrB Houses Ltd.).

MustLne X-oxld,e HCI (-Nitrornln¡ loahÍtoaf

hamacautl.cal. InùratrLec¡ Ltd. , Japan).

TrLethyloc ¡ilrospboranLde - (T:rtotapa, Lederle

Labo#¡toric¡ ÐLvLaLonr ânerLc¡lr Cy¿annld Cornpany¡

Ncr ïork).

Metbotrexate (-U"tUotrexate Sodium Parentalr

Lederle Laboratorles Divl.sLon).

Actinouycln C (-sananycLra¡ Bayer Pbarma Pty.

Ltd., Gerrnany).

AdrenocortLcortrophJ.c homone (-preparcd from

pig pituLtary, batch O7L5 eontalnl.u,g JZ.L ur;Lte/

m6r Comorrvcaltb Senr¡n Laboratorlea¡ Melbour"r,er

Arrat. ) .

Ad.renal1ne tartrete (f part 1n 1OOO, F¡¡rer

H111 Pty. Ltd. ¡ lt.S .lt . ¡ .Auotral.la ) .

Il¡rdrocortLoone codLun ¡uccLaate (-Solucortef,

UpJolrrr Kalanazoo¡ MLeh. ¡ II.S.A. ).
Cyclopbocphrnf.de (-Ebdoran Actar ampoul.ec for

inJectl.on¡ Mcad Johnson Pty. Ltd.¡ N.S.'T.¡

Auatral.la ).
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( - ) - Cbloraupbæl.cot (-SyntfrouycetLnr LopetLt

(pn"r-acoutl'ce1a ) pty. Ltd., Syaney).

(nn) - Ph)rtoh,aenag6lutlnLa (-BnrrouÉÈc tfol.lcono,

Eng1and.).

(nn) hrronyein (-Ledcr],e Laboratorl-es DlvLsLon).

The dnrê¡a were uade up Ínto atock solutionc rl.tlr uedlun¡

sterLJ.Lsed by ufLJ.J.pore fll.tratLon and kapt at l+oC before

ltsor the atock solutlona rero kept and u¡ed 1n ths culturos

for varyJ-ng periodg of thLs tlna. Th,ie perlod of t1ue

dependod on tbe atablllty of thc varloua dnrgt írr cotutlon

aecord,l-ng to Lnforrnatlon auppllod by the manufacturcr.

Dnrgg rbLch vere not readLly sol.ublc ln medl-un for c¡auplcr

auJ.phlapfrazoa'a¡ l-ndoueth,aeln and chLorambuel'Lr uere dl,ssoJ'ved

in etbyl alcobo1 l-n qLeaa dry beaksr¡ before ttas¡ ïhese

¡olutlons rere d.lscarded after uEG¡

fhÞ drrrga ïêrG added to tbe cuLturec by d.roprlee

addltl.on fto¡l 25-2o tåt¡gc noedLear rbl.clr hsd beou rpeci.ally

callbr¡ted. D¡ugs dl,ccolved l.n rlcohol rena .¿¿c¿ at onå

d¡¡op frou a 2O gau6c needt c frou coluü.on¡ n+de up at v¡rlouc

concsntratloa¡. DruS¡ Ln alcohollc solutloü r€nt alrayc

added to mpiy cuLturc botilor, uhl,ch ïoro uansd aud fleuod

{-thout tbe oapa bcfore tùa addLtton of uedium and ccl.I.a.

,h'en alcobol. rl.thout dn¡g vas addcd 1n this ray to l¡mph,ocyta
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cul.tr¡rcr, tlre lncorporstlon of precursor by theae cel1¡

d[d noü vany et gnlff cantly frou that by J-¡mplroc¡rtes cultured

in ¡nedlum ytth alcobo]". In erperl.uentg r¡Liù dnrgo Ln

alcot¡oLlc ¡olutLonr controL cr¡Lln¡res conta{.nlng al.cohoJ.

wl.tlrout dnrg wero altaye Lncluded.

6.2.2. VLabL].l,tv dotetpinått orrg

îhe viabl.lity of lyupbocytes uas deterü1¡aed by trypan

bJ.uc c¡clusl.on and coll countl.ng. lbese uethod¡ haYe beon

descril¡ed prcvLouaLy (Cnapter e). L¡ruplrocyte viabfJ.lty

ra¡ dets¡ulacd l.n culturca rtth and rithout dr^ugr l-n thc

ncdfuu at varl.ou¡ tincc durl.ag l.ncubetLon.

îbc vLabl.I.t ty of l¡mphocytc cell,¡ has beea erprcocod

as @ rhiclr i¡ defl¡ed at¡

Nu¡¡bcr of c¿J.l'¡ vlab1c l'a eulture at tlue of sanp1J,ng 1OO
x

l{r¡mber of cel-lc viab].c 1a culture et tba connenceuent
of lncubation

6.2.3. Lbomrcl"elq rcl.É, avnthagLs

Î¡c r¡rnthosl¡ of Rl{A rat ueatured by includl-ug 3H-urLdLne

l-n tho mcdl-uu. lhc uethodr of Rt{Â extractLon fron tho ceL]-s

and catiuatLon of thc Lncorlroratlon of precurror bave been

detcrLbcd J.n Cbapter 3. Drug¡ T€reil¡rcluded 1n tlre rcdiun

at selocted eonccntrationc.

1



FÍg, ó,1. Fbe cffoct¡ of q rrldc reqFe -o4 C,nres

op lJFohocvr¡te .prot,cla rvFühqgl'ç
Normal lyuplrocytcl uere onrlturod fa pLaama-

fresr auppl.ouantsd Eagloro nedLuu prtpared w1ttr¡out

leucLnc. ThG ct¡lturo¡ contal,ncd 3 r 1o6 oe].la and
or25 ¡rc of 14c-l."rr"1nc.

thß drtrgr t

lÂlt - Ox¡lhæ,butagonc
WÍZ - Phcnylbutssona
l{Íf - Murtlne-!{-oxLdc IICI

CHL - ChloroquLæ

EHD - Cyclopho¡pbamldc

T¡II - ?rlotJryl'cne phorphoraul.de
MITK - Dloü¡oürcrato

SÂÌ{ - Actfnonycifi C

ACf-- AdrenocortLcotropbic lroruoae
â^DR - Âdrenallns

rÍ610 l.naluded La thc ucdiun at tlra ooaeentratlong
ehorn (tncre concentratlon¡ vcro cl¡ocen to be

Ln ttre e¡tlnatcd pbaruacologlcaL range ).
CPM p6f6rr to tbc aatual. counta per ulmrte

ueasursd under tJre expcrl'uontal oondltlona.
Pcroeut actlvtty 1a deflæd aal

CPM tn cul.turc tflt& dnr6 r.oo
1

x
CPM {n eorrtrol culttrrc
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6.3. Reeultr

6.3.L. 3rg&Lglsa¡l[-.Én¡ß trial s,

â vlde ranto of druga roro torted for actlvity uf.th onc

propåratLon of l¡nnph,oclrtce fron a no¡mal donor (ftg. 6.1).

In tbl'a oxper:Lncat tJ¡c conpentretLon of dnrgs wag chos€n

to bc rltrrl.n a pharnaoo].ogf.ca]- rengo, ba¡ed on tb.e cllnl'caL

do¡e ].eve].a, lbfe Le a votî approxl.matc guldo to tlrc

concentratfon of a d.rug. Fotr eranplor J.f a dnrg Lo

ad¡¡lnf¡tercd ¡t X wgg/drty, then for a blood volune of 5 Litres

and LgnorLng otbcr faotor¡ ¡uclr ar c¡crctlon and bLndlng to

tJ.ecuac¡ the blood l,evel. could bc arùftardl.y aarlgnod to be

(x/ t) vs/wL.

llrc conccatr¡tlone of th,e dnrgr u¡cd 1n Fl-g. 6.1 ucre

uort probably ovorostlnatc¡. Horoyor¡ rbsn tbc dmg. yar6

teatedr a pattor"u of activity eucrgod. Sone of tb.o dnrgs

roro aoflvor for cxanph¡ phonylbutaEono¡ oxyplrcnbutaronc atnd

chloroqul.no¡ ubfl.e aone roro lnactlvcr for e:mpLc, cyclo-

photpbanl,dc and ¡dranocortLeotr¡opblc ho¡rronc. Chloroqul,no

and uJrtinG il-ox16ç HCI lnbl.bltcd Lyuplrocyte protrln cyntlrerla

uarkcdly¡ vhLlc ox¡rhonbutaronc¡ ph.caylbutazoncl thl.o-tcp¡

uothotrotatc¡ actlnornycln D and adrcaa1Ln lnbibftcd protcfn

ayntbellr to veryl.ag extcut a.
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6.3 .2. lhe eflFect$ of l.r¡dfv$gg¡_gg¡gÊ.

The effecta of varLour drugt, tc¡ted at a range of

concentratl-onr¡ havc beon ¡r¡nrnarlsed Ln Ff.gurea 6.4 and

6.3. Ihc degrco of uartuun proteLn t1müresl,c Lnhibttlon

var{.cd conrLderably wl.th tJre LndivLduaL dnrgo. For erannple

hydrocortloonc urually cauced lcca tb.an JO percent auppresalon

of ryntbe¡l.¡ rhcrca¡ chloroquinc at fir1ly Lnhtbltory

concentratlon¡ aluo¡t abolL¡hsd pro tel.n r¡m.thcaLe. lith

no¡t of ttrre dnrgr tcrtcd¡ a general platcau eff¡et re¡

obaeryed at hl6h concentr¡tLonr. CbloroquLne ral tbe only

dnrg rhl,cb at 1or conecrtr¡tLono rignificantr.y etLtrlulatod

proteLn s¡rntheafa. Both pbenylbutazone anrt ox¡rhorrbutatonc

rlerc uoro aetive than eulphlnp¡rrâlonor

Mefen¡r¡lc acld war hlghly lrrbtbitory. salfcylate ra¡

Ln?rl-bltory to protel.n e¡rntbesLr at l.evola whl.cb are found

ln the blood (Burnc, .g.t åÅ'. , Lg53). Parahydroxybcazoate did

not Lnhlbl"t l¡ruphocyte protein rnctaboll.sm. rrdomethacin,

cortlrone and cbloraubucfl rroro l¡hibltorryr br¡t not to tho

ËaE6 degrec ae tbc other drugr tceted.

chlorauphenl.col did not r{gaLfl.cantly lnhlbit lynpboeyte

proteln e¡rnthcrl¡ at conccntratLone up to 64o ttdøL in the

medl.uu. cyelophorphenlde v¡r lnaotive at concontratlon¡



Fl'g. 6.2.

M
bc drtr ï.ttt omptlod frrou rlvoral tx¡nr;l-

ueatr. Dac!¡ drug rt a rrn8. of æaeouüratúonr
ra¡ tslted rl.th' on prtprratlo¡ of no¡'¡¡al l¡m-
phoclytu. Î¡c lyuphocytrr r.r. aulturçd ln
plearr*frlo¡ anppburntrd Br6hf r utdLtu
prcpæad ritbout lluoinr rnd oo¡tatatn6 O.15 l¡o
of l&c-l.¡ræl"aa.

Îb,c dnrgrr
Cg, - Gbloroqul n
l$f r Sulpbtnpyraroa.
BtZ - Pbpn¡rl.buta¡o¡c
Tålt - O¡¡ælrrnbr¡t arool
l{EF - }tcflaæl,c eoLd

rcrc l.aaludtd tn üha oulturr nrdluu at a rts6Õ
of aouccr¡treûi.oa¡ rbow ta th¡ fLgurc.

tbc fpao¡¡ront{oa sf xt0*l"ouol'l¡o htt
bcell c¡pritred r¡ poromt aotlvLty.
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FLg. 6.3, Ilrr rclatlonrþtg qf, orotgl'n ¡Dnrtþeq¡lr
ta nrrrnamr*r¡tl-eva of dmsr l"¡. the

aul.turc nqÉl!¡¡n

the dsta rtrt oonpl'lcd frou tovtral orporl,-
Eolltro Eaob dnrg aÙ a rå¡8o of eonocntratLonr

ras tertcd rith or¡rD prqpsratLoü of, l¡mptroGytea.

llre l:¡upboqt/ tet rcre cr¡ltured fn plarula*flFeor

rupplcrtroutcd EaglcI I uodfurn pr.parcd rrltbout
leucl¡¡c an¡l coatalnlag Q.25 l¡c of l4c-1"t'ol'n¡Þ'

lbc drug¡ ¡

IìID - Iadometb¡cl.n

¡r-OH-8 - para-Hydrorþcncoate
gAL - Se].LaYlaüo

COR - CortL¡one
LSU - Cb,l,or¡nþtrol.1

wore lnc1uded lu thc cn¡lturc ¡¡cdlun at a rangô

of ooneeutr¡tlons ùota Ln. ths f16urc.
lbe Lnoorporatíoa of l40-1".r.1.¡e hss been

o:rtlrcrred e¡ perocnt activitY.
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up to 160 ¡rg/uL in ilre culture uedLum.

lbe varLablllty of dnr6 rasponaes betueen Lnd.ividuals

wae deteruined by teatlng tlre d¡lga with lynphocytes frour a

nuuber of donors at selected ooncentratlons¡ wbicb had been

aelected frou the dore reaponao curvsa to cause oignl,fj.cant

lnl:Lbitlon ar¡d to be wlthln tbe cctirnated plrarracologl-cal

range. Dach drug vaa tested with preparatLons of l¡mphocytes

frou at leagt threo donorg (rrg. 6.l+). chl.oroquine¡

Lndonett¡acin and nefenamic acid rore always hlgbJ.y inrribLtory,
saLLcylate 1n one case ¡ra¡ not J.nhíbltory. All the dnrga

varÍed ln their inlrLbltory effectc on J-1mph.oc¡rtea from

d'lfferent lrrdl,vidual-s¡ the greatest varÍatLon occurred uLth

frenyJ-butazonc qFd oxLphenh¡tazottê r

PEA gtLuulated protcr.n rynthcar.s by z.J to 4 foldtr
thfs ayatom (ctapter 3). lbe preaene€ of th.is cubstance Ln

ttre culture r¡edl-uu did not markeôly aJ-ter th,e reapoÌrse to

varl,oua dnrge (rtg. 6.5)

Marry of tt¡e drlga whlcb l.¡rhLbJ"tçd protein ayntbeala were

aLeo lettra.l (rtg. 6.6). CortLsone, aalfcyl.ate¡ ct¡Lorambucil

and aulph,Lnpyrazonc were not ae toxLc to cells &s the drtgs

oxy¡rh.enbutasone, ncfenannJ-c acLd, l.ndometb.acl.n and ch.loroqulne.

The increased toxLcity of theae drugr ¡ras paralleled by theLr



Ff,g. 6.11. lïrc c*fe$S pf, drilrqt oa l¡mtcín,F
rr,ï qgJrlB¡4 lrruolosrrlbrr

lho dat¡ rrÍi. oouryl-led fron Ea¡y ex¡rerlnat¡Ûr.

&t cll of tilrrtc tåo lyuplrocülte¡ r.rt euLturçd ln
pl.arn¡-frcrr rupplruca¡.¿ fr6llr r ncdluu ¡Fcpargd
vltbout hual'ur ¡nd oontetalng o'45 ¡ro of
l&C-l"r"l¡¡s. Erch point tîtpr.ltt[tt a detsnmlnå-

tj,on nade tn trtpllcato rLth orc pro¡gratLon of
no¡uaL l¡mpbogter.

lbc dnr6r t

CHL - Chloroqulno
IlfD - Iadourtbroln
Lf,tI - ChlorrnÞucLl
üEF - lbf¡n¡nl.s ¡old
SÂL - $eltoYletr
COR - Cortlro¡rc
A¡f[ - $ulpÞ,L¡pyrrrotrc
TÂtf - Or¡rbcaùut¡¡onc
AlÍü - h,nylhrta¡on¡

flcr¡ lnolr.¡drdl¡r tb. urdluu of l¡mpbocfrto PrlPârl-
tLon¡ et ttr¡ soûorlatrttlonr rb'on !.¡ übc ffgurc.

llrr Lnoor?or¡tl'o,t¡ of l4c-l..roLar ba¡ beca

oxprørttd r¡ ptrarat aotlvLÛY.
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F{g. 6.!, ll¡s qffoot, of dru¡r¡ ol¡' qrcoaFatt sa€
of ForTF]. l.qtuohocr¡ grp. rtlmulat sd,

Ib,c data rof€ aoupiLed frø e number of
ex¡rerlmento. In tbcce ü¡¡o L¡mpboeytqc werc

cultured Ln plama-frêor ruppt aent cd Eeg"Lo r e

ged{uu prepsrcd rlthout leual.ne a¡rd contafnlng
O.25 ¡re of l40-l"ro Lae/øL. PEA ¡tirnuLatcd
l¡nnplrocyte ¡nroücin r¡rntJre¡i,¡ 3-4 tl"mcc cou¡nred

wLtl¡ tbât Ln unstitulated ct¡l.turec. Eacb

polat f.n ülre flgure repreeentc a deterulnatlon
uade Ln trlpllcste wttb one pnol¡{rrati"on of
aorual lyupbocytcr.

fbe drug¡:
Al{T - SulphLnpyreËono

1A¡Í - Ox¡ryh,enbutaøoue

hüEF - Mofcnaml-o acld
SAL - Sall-cyLate
IlÍD * IndoncthacLn
COR - Cortl.rone
CËL - CbloroquLne
LSU - ClrloraubuciL

rero l.uoludod la tbc culturs nadlun of l¡mpho-
cyte prstnratl.ona aü the aonecntratl.o¡rc ehovn

fn tba fl.gure.
îb.c incorporaülou or l4c-tcucl-Ë 

, hag

been orlrrcrtad ar porcot actlvLty.
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Fig. 6.6. Tho aff¡¡nt af ¡lrrr¡¡¡r on ùhe wi-abi-l-{tw

of porF¡al lrmlrþg-c'tÊFg

the v1abLllty of l.ytapbocyts wa6 d€terul¡red

by meülrodc dcaerlbod ln thc üext at varlous
tlmes durl.ng i.ncubatlon. No¡rmrl. llmplrocytes
wers oultursd La p1aeina-fresr auppl.emded
Eagle I I uodlun prepãred wtttrouü lcucine. tho
data wero oomplled fro¡n tovcral cxporlueata ard
eac.h cat of polntl for eaclr dmg wae deterulned
l.n trlpllcato rttb ono prtparatlon of l¡nnplro-

cytcs. Iro each experLuæt culturog rLùbout

dnr6 ïore alrayr Lncludod ar coutrole.
tbe dnrgr t

IlilD - fnd.ouctlracl'n (¡O p6lnf )

sÂL - saLlcytare (¡oo psld)
coR - corrt æe (r pelur )

LSU * Chlorambucll (l þe/r.]-)
îAl{ - oryp}renbutazone (f¡ pg/rf )

l.{ÐF' - Mefenamt.c acld (eSO Vs/nL)
A¡ST - Sulphiapyrauoaå (reO pe/u.t-)

CHL - Ch,loroqulne (fAO Ve/sL)
ïârê lncludod Ln tho cultr.re uedLur¡ at tJre

coacentratLon¡ ¡honrr abovc.

lh,e vlabLLl'ty of thc col"lr h¡a beerl

srr¡¡rorrgd ar pcrccnt vl.abiJ,lùyr rdrich lc
def,J,aed aa ¡

No. cell.s vl,aÞlc l.a culturc at tLno of
¡anrrrl {rr^c

ti[o. oo1ls v:lablc i¡ eulturc at coun-
enc¡n¡nt of lneubaùLon

r"oo
1

Jg
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Lzg.

g:reater effect on proteln cynt?reaL;.

rn puromycLn-treated culüurer r3ofi of tt¡e l¡mplrocytec

survLved inct¡batlon for 2lr hours l.n plarua-free medl.uu.

Vtabtltty ras deteruLned by cel-l countlng and trlrpan blue

etaLnÍng.

l{he'r¡ cuLture flulde frou pla¡ua-free cultures contafnlng

cortigone (l.O l¿g), aal-J.cylate (¡Oo þg), oxy¡rtrenbutasone

(r4 pe), indornettracLn (to ps), nefenaale acld (¿¡o ps) and

ct¡loraubucll (4 pe) were examfned by lumunoelectroplrorecig

and autoradlograptryr they contalned the same J-abeJ.l.ed

protelns as found fn contro1 cultures without dr:trg. No

LabelJ.ed proteLns couLd be detected by these technl_ques

in culture f1uÍd frou l¡¡uph.ocytce Lnctrbated wLtb ch,loroqulne

(reo ps).

6.3.3. &Êtga.û-of 2qd a¡¡tolosou¡ plasma

the t-nhtbitory offect¡ of al-I- thß drlgc tested¡ except

chlorogulne¡ werc reduced. by plaaua (ffg. 6.7). $hen the

concentratl.on of oxy¡rbsnbutazone rar lncrcaced to levels of

J6O p,gtlaL 1n med.ium contalnLng plaama, tha degree of

Ln?¡ibitLon of proteln a¡rntlregic reô ¡Íml.Lar to thet caueed

by a concentratfon of J6 þS/aL in plasma-free uedLuu

(rre. 6.8 ).



81g. 6.7. llre-gffect of '{4 p].gapa {n the
acdLuq or\, tl¡e_ÅFh,lbl.tion of orptaln
rìfFth¡eile. bv dlrrcl

No¡mal. L¡zurphocytea rere cultured ln supple-
usrtcd taglot¡ mcdLur¡ pppared vitÌ¡out ler¡clne
and with or rrltlrout autologoua plasma.
l4c-l"rr"ine w¡s l'ac].udgd 1n the uod.Lum at a

cqrcentration of O,2g lte/uL. Llnea Joln pal.red,

obeerr¡atl.onc of the aanG drtrg vl.th ons propåre-
üion'cf l¡mphocytor.

O - rep¡osontr trl.plioatc detomlnatLoaa
uads La 25ú ple¡ma-ucdl.um.

I - rePfgaoatc tr:lpll.cate dcterml.natlon¡
rnade {n plaama-froe ned,J'un.

The drugar
CHL - CtrloroquLno
nÍÐ - Indornstl¡acln
Lgtt - Cb.l"oranbuciL

MSF - ùlcfcnauj-c acld
StL - Salicylate
COn - CortLao¡e
Al{1 - ¡ulptrinpyraaono
Tå¡f - Oxl4rhenbuta¡qre

16rt8 Lnoludcd 1n ülrc undlum rt ttre ooncontratLon¡
clrorIr Ln tbe fLgurc.

lho l¡reorporatLon of 1&c-1r.r.irr" has been
ôxpreared aa pcrcarrt activity.
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fJ"g, 6.8. lhr¡ af fect of nl e ¡rne { n tlr o ra¡¡rl{ rrrn

on the tnh:llt{t{on of no?ñnl lrrrntrlr¡¡-

cvtg,orgJþ q*¡n .elnthe aSp, þy për¡qlrep.hrtaq,pns

The dete¡mLnationr rêrÊ üade ylth one prepsrr-
tfon of nornnel- Lynphocytec. L¡nopbocytea were

cultured, 1n euppleuented Eaglefs medLuã, prrspared
ritbout l.eucfne ated trLtb or rLth,out autologouÇ
pJ,acma. l4c-leucL¡¡e sas lnçl-uded l.n tb,e medlur¡

åt â concèatratlon of O .2J ¡s,cføL. Each culture
conta{ned 2.1 x tO6 cellð.

Ox]æt¡onbutarono waa lnc].uded in tho ued1um
at a rarrd:o.of conccnüratlon¡ ¡hora 1n thô flgurer

O - r€prtêcnt a trl.plicate êCtorulnatl,o¡¡
isade vLtli l¡rupbocytcc culturcd Ín
25* autologoua placna meåtum.

O ropr6aents triplicatc dstcruLn¿tiorrr
uade ulth l.ynpbocyte¡ ctrltured ir¡
ÞLarua-free modlur¡.

Xbe lncorporatlon or l4c-touclne rraa becn
exprottcd ar pcreent actl.vÍty.
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6.3.4. Þffect on Rl{A

lhe effectg of verLouc dn ga on tbe incorporatLon of
3H-urLdlne Lnto Rl{A by lymphocyteo aro elrown in Fig. 6.9.

rn the atudies reported Ln graph B, tlre dnrga rrere Lncluded

1n unstimulated cuJ-ture¡ et the concentratLon gtrown. Ttre

cuJ-turec wêrê oaupled after LncubatÍon for th.ree hourg.

lhe dnrgc actLnomycLn Dr mefenamic acl-d and ch.loroqulne

aluost couplctely suppressed RNA a¡rnthests. .A rangê of

drrrgsr lndometh,acLa., puroraycJ.n, cl¡lorambucll and sulphl.npyrazone

partial-ly supprcsced e¡rnthetLo. cortLgone had a vêrlr suall

effect¡ whLle oxy¡rlrenbutazone and calLcylate dld not

af.gnlflcantly irilrLbtt th.e l.ucorporatLon of 3l!-urLd.ine l.nto

RNA. frre presence of PHA in tbo culture med.iuu did not

signifLcantly alter the effecta of the dnrgs tested except

punouycln (rtg. 6.94). lb,eae PrlÂ-atimul-atod. cultures uer6

camp!.cd after Lncubatl.on for 12 troura. ActLnomycin D,

puromycin and mefenamLc acid corupJ"etely J-nbJ.bl_ted cynthocia,

SuJ-pht-npyrazone and Lndometbacin partlall-y tnhJ'bLted cynt¡esis

whLle cortlsonc srd orypbenbutazone bad no sLgnlffcant effeet.
6.3 . 5. In -vlge--sü¡s$-¡ltL-e9.x!¿gg¡re
rn orre ctudy blood wa¡ collected fnou a patLent before

and after cortisone tl¡eraplrr for the preparatlon of l¡mphocyte



FLg. 6.9. 'f,lt- aff¡a*¡ af á*'a¡ illa {naana-¡-

tlqp ef 2,Errllj¿rne lr,,to 4frå,.þ¡
un?tlFul.Ftad qÉ Pl{srcttuqlFtad
lw.uoho.cvtqs

In experl.uont¡ A and Br ¿oro¡1 L¡mphocytea
rsrê culturcd fn rupplon¡ented. Eagler ¡ uedLr¡u
prqparcd rJ.thouü J.ouclns. the f"noorporatlon of
3lLurtdtne lra¡ Þscn 6¡qprôrü.d ¡c eour,¡tu/Zo m{n.r
l.n I rnl of Rl{Á, extract (tot.t volurc 5 rú ).
lbe inoorporatlon va¡ dcûcrul¡¡d a. dosertbcd
Ln Clrapùer 3r cecûton 1.2.b.

A - In tluls o.xporlmæ,t dnry¡ ütlrô
{ncludedln the uedl.um of PHA-¡tLuulatod lyuplro-
cyt¡r. Unrtl"nr¡lated l¡mplrooyter rarc fncLuded
ar a control (cOltt). thc aulturct entalüôd
2.7 x 1O6 cctt¡ an¡t Z l¡c of lt-urtdlne aad rero
teàrL¡lated cfter lnoubatlon for 12 b,otrrc.

B - I¡1 tbJ.¡ axperirrenü dnrgr yGrs Laol"uded,

fa ûl¡e culturc uediuu of unstLuulatcd, l¡mplro-
cyter. tho eulturc¡ contaLncd 3.3 x 106 cetL¡
and, 2 po of 3H-uridino and wore tenminated after
Lncubatfon for J hours.

llre dnrge t

ACf D * AetLnouycla D SåL * Sall.cyl"ate

PttR - Puronyo:Ln rerG lnet uded Ln ttrc
Il{D - Indouoüracla n¡dLua of L¡mpho_
LEII - Cb,Lorarnbr¡afl oyûo prsparat,iolrg at
.â¡m - Sul.pblnpyraror,¡ Ûlrc conccntratlon¡
lÂlr - ox¡rphanbut¡soae rbown I'n tt¡e figuro'

COR - Corti¡oae
¡,ff.f - Mofmanle aol.d
Cil, - Cb,loroqulnc
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culturea. Tlee patLent was a 52 year-old lta].lan woman¡

who suffered frou retroperftoneal fLbrogLe. Blood wac

coL].octad on tro occasLons before treatnnent and a rruu¡ber

of tfmes after treatment. L¡¡nphocytes were cultured at

tt¡ese tluec in uedl-um wl'th a¡¡d rrltbout autologoua plasma.

PllA-stlmulated cu-Ltures yere also aet up ut¡en suffl.clent

l¡ruophocytes lrore available for ttudy. lhe inærporatlon

has been exprossed. a¡ countc por Lo6 J,¡nnphocytes per o.25 l¡c

or l4c-teucine 1n tl¡e uedÍuu (raure 6.1).

Before the admini.stratLon of prednl,colone and for a

one week perLod after afuinlatratlon there was J.LftLe change

l.n tbe incorporatl,on or l4c-reucl'ne lnto protefn by l¡anphocytea

cultured fn pJ-asrna-free mediuu. On tJ¡e tvoJ.ftb day of dnrg

afulnlstratlon (f4tn I'ebruary)r tl.e Lncorporatlon of
14c-1".r.Lne by l¡pphocytea eultured ln placma-free medlum¡

feJ.J. slgnJ.fJ-cantly ard reuained depressed througtrout the

@urrê of dnrg therapy.

llre f.ncorporatl-on or l4c-teucine into proteln by

llmphocytee cultured ln plaama auppleuented uedluuu uag

variable. Ttre f.ncorporation was steady on the tvo daye befors

and on tlre cecond day of dn¡g adminLgtratlon. After tbLs tl.me

tlre LneorporatLon rac wide1.y varlable tbroughout the dr¡ration

of dnrg tþorapy. PHA gtimulated tbe l¡rnphocytes to produce



Tablc 6.1. .år,lûFdv, oc, tl¡e ¿Éftc*r pf çor¡tf,roï¡
f l-n vl-wol otr *-lrr ¡ 1ttrt rrf lrrçrrtlr¡-

gggeÍ totneo{po'atc lec l.el,ot-",l'',to
prote{n -rl.n v*fror,

the patÍent ïaa â J2 year-ot.d ItalLan woman rl.t&
rctroperltoneal fl.brocl¡. BLood rar oollôated or¡

th6 datea gborn {n lable 6.14 and tho L¡ru¡rh,ocytcr
Ìrerê prepared, Ln ttre urual râ1 cxoept tlrat tho
J.ov cpeed csntrl.fi¡gatJ"on (f¡O x g) ïâs ouittcd. Tbo

cu].tures contalned O.8 - 1.5 x tOó cells ard O.2! pc
of l&c-touclno. tbe coll¡ rcre eultured Ln cupple-
uented Eag].ef¡ nedlurn preparcd rLtbout leucfnc snd
ultb or wlth,out autol.o6:oua pJ.ama aampl.ed. at the
tsm6 tlme rtth the l¡nnphocytoa.

PIIA ras used tostlnuLate the crrlturec at
varloua t{ues strown in the table. Freeu e-drlsd
alLquota of t&le sanê batcb of PHA uere u¡od oril evGty
ocoaaLon at tlre cane eoneentratLon.

tlre drug reglmea durlng the collectlon of
bLood aanplea are gfven in table 6.L8. A.ff,6¡ 12

daye ütre lncorlporatlon of 14C-le.r.irre Þy l¡nopbocytet
cuLtured Ln plaema-fþae nedluu f¡Ll riga,ifloant1y
and remal.ned depreaeed. tho incorporatLon by the
colla Ln' plarra-Ecdlum ra¡ varlable.

PHA atfuulated protoda a¡nntbecls by 1Srmphocytca

oulùur¿d ln botb t¡lct of, uedLum. Tlre stl'mulatíoa
of l&c-I.eualnc incorporatlon by thlc substanco rat
groaùer Ln plarun-f?ee nedluu than ín plasuna rnedLuul.

lbo J¡corporatlon of 14C-tcucLne l"nto protein
?,as beerr Grtrrcrrod a¡ oountl/lo6 cel.lc culturedr/
L/4 Va of, l&C-fcucíne 1n tbã med.f.uurlual.n.
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1t+A Incor?oratlon of C-lcucinea

3o

Dato Ðn¡gc

B. hß-Ees¿rc,

Drug

Prednleolone
Hydrocortd¡one

PrednLsolone

Counta/J.o eøLLs/t/4 ltc/øLn
Plarua-free ?1fi Ptsaøa

Jan
feb
Feb
Feb
Feb
Feb
liarclr
.â,prlL
.AprJ"1
Aprf.J.

+
+
+
+
+
+
+
+

ÌIo PHA PIIA Inereagc No PlIl.
*

PüA Incre¡¡e
fi

1Ûll
?07
,Izlt
131

Ftr¡l-rh

l+6o
4ro
490
,+26
435
2l*8
181
298.

83

980
Lao5
13CI3
1198

697
5t+4
t+44

239
246
306
275
281
300
149

ã¡d
14th
l5tlt
16rb
18rh

38rr t+57

110
go

100
278
L55

52
L25
3zo
69

Start

Febnrary
.âprJ-l

April
âprÅ1

AprlJ.

I
3
7
9

14
3
5

1A
27

200
L63
L3a
189

Dosa
ugp/day

10

1xLOO
2x1OO
zxJA

5

13th
ltrth
15fh
18tb
8rh

Aprl.I.
Aprl.l
AprLI.
Aprfl
May
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lncreased protein on every occaslon ¡vlren tt¡e substance ras

tested Ln medfum rltlt and wl-thout plasma. The stimuLation

by PIIA ¡¿s greater when the cells were cuLtured 1a plasua-

free medl.um th.an wh,en tbe celJ,s were cul-tured Ln plasma

mêdium.

6.4. Ð1g cuegl-on

6,4.L. &gpgf¿ggg=of the 9.¡Spctg-9.f-.egggË.

lhe antl.-Lnf]-amuato ry dnrgs r¡lrictr Trer€ studl'edt

Lr¡hibited J-¡rophocyte proteLn synttresl-e to varyLng extente .

A wid.e varLety of dnrga wore tested¡ Lncludlng ni-trogen

muatards¡ pheryJ.hrtazone¡ aal-J.cylate, actl-nouycln¡ nnettrrotrexatet

c¡loroqul-ne and hydnocortlsone. AlL the dnrgs ¡rere tnhJ'bltory

at the concentrations used l-n ttre culture medium except

cþloroqulne. ltels drrg was tnhlbitory at concentrations

greater than 2O pg/ml but stimulated lymphocyte protein

gyntheal.s at co¡rcentrationa J-ecs tban th.ig.

The degree of Lnh.Lbl.tl.on by some dnrgs wae apparently

related to tlrelr effectfvenea; åg g¿ru. as antL-lnflammatory

agents. Tl¡f"s war best seen wtth' analogues dl-fferlng by a

¡mall char¡ge l,n uoleeular stn¡cture. Ttrese ehowed slgnlfJ.cant

changes l.n their abillty to suppresa lynphocyte protoin

slr¡ttreEls and aimllar dlfferences 1n antl-lnfLamratory

acttvlüy. For exauple oxyphenbutazone¡ a uetaboltto of
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phenylbutazone and rnore potent ttrerapeutLcally at a ].orrer

doae (Gooduan and Giluan, L96j), uas ¡lore int¡LbLtorr than

ttre parent drug. Phenylbutazone vas slightly Eore inhLbltor.5r

fl¡an lta analogue sulphlnpyrazone¡ uh.ic*r Ïras less antl-
lnflaumatory aetivity in ruan (Gooouan and. Gilaran, L965).

salLcylater a miLd antr.-infrauuatozy ageat¡ ir¡lrtbited

lynphocyte proteLn eyntlresis but Lta analogue, parabydroxy-

benzoate¡ ras not active. Parahydroxybenzoate¡ is alao

ÍnactLve l¡¡ vfvo (Goodman and. GiJ-man, Lg6S).

lhe relatLon between ttre abilJ.ty of several alkaryating

agents to 1n¡rtblt lyuphocyte pnoteLn e¡rntJresis reflocted

theÍr actl.víty åg låJg. cblorambucLl, reported._ to be the

leact toxic and ¡lonest actLng of the nl.trogen mu¡ta¡rü group

of d.r.l-gc (Gooduan and GfJ-rnan¡ L96S), was not as effectLve

ac mustlne N-s:cl-de hydrocþlorÍde. îrletbylcne p¡ocpboramide

was lese actl.ve th.an nustLne N-oxLde hydrochloride wh.en

tegted at thc Ëåna occa¡ion. cycloph,osphaulde found by

othere to be inactlve lg ïìrtry (Hanperr .ss. &Å.., Lg66) ¿r¿

not lrihibit lynphocyte protel.n aynth.esÍa. Th,ia dnrg fo

actlvated ¿B yåre, to lts acüive for¡¡ (nrock and lroborlt, Lg6j),

a.d¡s¡1çsortícotrophr.c lrorrone (.r,ctr) rr a horuone vhlct¡

acts to stfmulats tlre adrenal corts¡. acrH dld not l.nbl"btt
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llmphocyte proteLn synthocig. îlrta hortone 1s an antl--

infJ.lmmatory agent becauge l.t ¡tLuuJ.ates ttre production of

bydrocortlgone. HydrocortLso¡re lrrblblted l¡mplrocyte prot€in

synthasis at concentrationg of O.l- ltg/øL in the ucdl.um.

By corrtract adronaline¡ ïhtcür La releaeed by the adrenal

medulla had a small. Lttl¡ibltory effect at a co¡tcentration of

20 ¡rg^¡1 l-n tlre uedlurn.

L¡rnphocyte preparatlon¡ offer unLque opporùunitl-ee

for tc¡tLn6 a wl.de range of drrrgt and trormones for tlrel-r

effect on protefn lyntbealr. lhece teets uay be suitable

for eouparing the aetlvf.ty of anrlogues and horoorres in

order to predlct tb,clr actLvLty tg vl.vo. îhe effect of

tlraae aubstaace¡ on other metabolle pathways could also be

ol¡acrycd.

6.4.2. Pathwavs. bv whl.ch drucs rnav interfere wl.gb

orotsln svnt¡rcsl.g

thc mecharrl.cms by whlch aoue of theee dnrgs act l-n the

body h,ave been descr!.bed whl.l-e ttre nechanfcua of action of

otbers arc unlcnottt¡ Dcepfte the wld.ê range of effectc the¡e

dngt havs on ccll nctaboLLeu they lrrtrLbLted proteLn e¡rnttresfc.

îhe al.kal.yattng drnrgr for exæpler chlorambucl-l¡ ârê

tbougtrt to act by crott 1l.nkLng uftb D!{A ar¡d fn}r{þ1f,{ng ceJ.l

ft¡nctLon (OooAan and Gi.I.uan, L965r. thts effect is tbought
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to inhLbtt DilA rep].l'catLon uorc th,en to tnhlbl.t RNA

productlon (I{neoter , L!62).

McfcnnnLc aoLd¡ pbcnylh¡taronG¡ or¡>hanbutazone and

aalfcylate havo ttr¡ conno¡t pnopcrty of uncoupltrrg oxidrtLve

plrosphoryletlon (Brody¡ t95û üriteholrgê¡ Lg63r. Cht-oroqulne

is ttrougbt to lnteraet wlth the aucl-eoprotel.no l-n ttre ceJ.J'.

lbLs drug Ls ooncentratcd by tbe lLverr spleen, kldrreye ¡

lung and leukocytes fron tt¡e blood (Gooduran and G{t6¿¡, Lg6j).

Methotrcxate ha¡ 1t¡ grcatcst cffect on dLvLding cel1c by

lnterferLng rith foJ-lc acld uetabollsu (Goodman and Gil.man,

L965). â.Ll of tJre¡o drlge Lnl¡tbJ'tcd l¡rnphoc!:fte proteLn

synthcsl.t.

Actl-nouycln C yE¡ LalrlbLtory. this dmg act¡ to

tnbtblt proteln rynthsel'r 1n ¡ rluJ'lar way to actLnouycln D

(Cbapter z ).

tlba d.rugc wltlch rcrc usod ln tt¡e LnvestÍgatlon¡ rcportcd

l-n thLa chapter Lnterfcre wltl¡ Eår¡y metabolLc pathwaya.

Desplte thl¡ fact all of tbe¡c drtrga affect lynphocytc proteLn

syntbeal.r cither aa a dlroct effect of dr.trg actLoa or e¡ e

result of ths effects of the dnrgc on patlrways arrocLated

wl.tl¡ proteln syntherlr. Str¡dl.es wfttrr each dng ueing

dLffercnt techniquor rculd be nccc¡sary ûo lnvcctf.gate fn

d,eta1l the nechanJ-sms, by rtrÍch tbege drrrgc interfero vLth
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L¡nnpbocyte protein eynthoËLr.

Some of the drtrge waro hl.g*rl.y torfc to cells, for

cxannplc mefcnenJ.c acld, cNrloroquiae .nd lndomctbaeln. the

tnt¡ibltton of protcln rynt'herLr by ü¡cse dnrga waa probably

a conroquonce of, cell, deetJr. lbc¡e Letbat drrrge must exert

an Lnmed,iate effect on metaboJ.lc patlrrayc¡ etra¡cturaa or

mgmbrauos ¡'l¡ic¡ are vltal. Othsr drrrga for exaup].er

hydrocorticone¡ aalJ.cylate¡ cl¡Lorar¡bucil arrd euJ.phlnpyrazoae

lnhibl.ted protein aynthesLc by uechanis¡ns nhich did not

1ead to ce].]. death.

HydrocortLaone l-rrbÍbited J.¡nnpbocyt c protein ayntt¡c¡ls

at very suaLl concerrtratlona in th,e med.l-um witb.out cauoing

ce1l, dcath. obgen¡ations Ln other B)¡steus llffe sh,own tbat

cortl¡one fnhiblts the early pbenomena æd Later manlfeatatLoa¡

of tlre Lnfl-aumatory r€apo¡rße (spaln¡ 1961). cortlsone aleo

fnhl-blts Llmptrocyto fl¡nctloa å& vlvo (Berenbaum, Lg65).

Reports har¡e been mado by Aubroge and Coons (].gø1") tnat

hydrocortLaonc replaced ¡6ftro ås a requirement for antl,body

synt¡re¡is by fragnentc of rabblt l:mph nod.eõ. T}ts diecrepancy

lras been rcrolved to rooç ,cxtent by aubrcqucnt str¡d.ie¡ of

Anbroce (wøe) ahowLng t¡rat ortfaone ererted ito greatert

effect d,url,ng thc lnductfvc phaec of ü¡c cecondar.¡r iumunc

reaporr¡e. Tl¡1s ¡ubotance l¡ad llttl.e effeet on tho cctablieh,e¿
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roaponas. It appeers tÌ¡at l¡mphocytes uay varT Ln thol.r

sensltlvLty to cortLsone durd,ng dLfferentlatl.on. The

posalbfll-ty alao exlste tJrat cortLaone rar effectLve on

cel-I.s other than l¡mptrocytea Ln A¡nbrolcr ü eycteu.

Chloraqptrenicol.r en antibLotJ-c¡ bas becrû reported to

intrLblt J-lmph node antlbody s¡rntheclc (¿.brose and Coonsr

1963b) and to tnlrf-bit bone uarrow proteln s¡rntheste

(DSordJevic and Szybalslcf r 1960). Chloranpt¡enicol did not

l.nl:J.bLt l¡rnphocyte proteln synthesie at concentratlons up

to 6¿10 þg/w\ in tbe uedium durlng culture tor 24 h.ours.

DJordJevic end Szybalak1 ruea¡mred proteLn eynttresLs by

borre nlarrorr celle fLvc ând slx dayr after exposure of tbe

cel]-g to ttrlla dnr6. .Ambr.ore (Wee¡ haa aubaequently sh.own

tbat chloramplræLcol h,ed itr naia cffcct on tbn LnductLon

of the aecondary LmnunG recponac and that the dnrg had 1l-ttle

effoct on ttre eatabli-¡lred response.

lhere are ãeveral. erplanatlone for the Lnacttvlüy of

ürJ-oraupl¡enlcol ln llmphocyto cultures. DJordJcvl,c drd

Szybal-gkl. exporluerrted rrlth a dlfferent cell populatLon and

fncubated tf¡e cella for long perlode of tLme vith tlre drug.

lhe experLuents of A¡¡broge hanre ¡hown thåt J.lmrptrocytee may

våry Ln thelr aensitJ-vl,ty to the dnrg durLrrg d,lffcrentl.atlon



138.

or that cürloramphalcol var cffoctlvo on other cer.l t¡rpce.

6.4.3. I&Ê"o"pt{oo of- tþ-dn*" rlth & *s ol"r*

lbe degrco of hrrtbdtion by üre dnrgs uaa not usrkedry
altered yhen PHA rar Lræluded {n t¡s medLum. pH¡ stlüulated
l¡iuphocyte pnotola r¡rntherLa thr¡o to four tLucs (ctapter 3).
lhe drtrgs dl.d' noù i¡rbr.br.t ttrr,e rnschanr.sm or pH¿, stinuration¡
apart fnou tJro¡e thrt aluo¡t coupletely abcolLshed protefn
apr.tlretle (cb.loroqulncr mefcnru{c scLd).

Pla¡ua Ín üro <vr¡r.turc medLuu roduced. tlre Lnhlbftory

offoctr of the dnrga on lyuptrocyto protefn s)¡lrtbêsf¡ crccpt
ln tbe csre of cbloroqulne. pr.aeua probrbly bouad ttrc
dnrgr a¡rd ¡o rcduccd rf¡olr effcctr.ve concentratr.o¡n l-n the

mediurr. sal-icylate¡ phenyöutasonc and or¡4rbenbutezonc hav¡
been roportcd to be strongry bound by plaana proteinr
(Ran¿att , Lg63r. rnhlbl.tory lcver.e of ox¡rbenbr¡tazon' rere
reaclred La plarua mcdfun thcn tbe concentratl-on ïar Lncrea¡ed.

ûo ten tl.r¡c¡ l't¡ valus Lrr plaar¡a_froe uedl.um. pre¡uttrabl.y

aú tJrLs concsatratfon drtrg håd fr,lred tr¡e plaana bJ.adtng
¡Ltes lcav'ng free dnrg to lnhtbr.t r¡nnphory ta pnotef.n
e¡rnt'bc c1¡ .

Tbo conccntretl.oa¡ of ths dnrgr¡ aalfcyJ.ate¡ h¡nd,ro_

cortl¡onc and phcnylhrtazono ured rn th,e f.nvestr.gatr.on¡

roported Ín thr.¡ ctapter rcró eJrorcn to bc uLtJrln tl,e rangc
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of noarurcd blood lcvcll (nurna, gû. .¡L. , Lg53) sr¿ betor

estlmatcd uaxJ.nurn blood lcvo.l¡ l-n the caro of tho otJrer dru6l.

Drrtng dnrg thcrapy¡ ttro bLndLng altc¡ of plarua protelnr

may be fl.l.led Lnltl.aLly ro th¡t an ecoumulatLon of drtr6

would oGCüf¡

If pla¡ua bl.ndlng dld occur then tlre frec blood lcvcl

of tlre drt¡g rouLd. bo en und,erc¡tinate of the coublncd. a¡nount

of froo dnry end bound dru6 ln the blood. lhc conccatratl.onr

of tÛ¡o dru6t at tho ¡lt¡ of tnflem¡tJ.o¿ ard 1n th,e lyrnph

fLul.d are not known. lfevofthelcrt¡ tbe æncentratLone of

æea dnrge u¡ed Ln tbc lwoatfgatLon' reportad may bo nevor

roacbcd ¿n gt:gg, bcear¡¡c of brc¡kdorn and excretLon, Mca¡ure-

nont of, tho capaclty of l¡mpbocytor to ayntbcll,ro proteln

beforc ead aftcr thcrapy nay balp clarlf¡r the lnfJ.usncr

of thc dnrge ¿& Ilyg,.

lbe po;tlb{ltty el¡o e¡ictr tbrt l¡mptrocyter Ln g¡|,fg.

are ablo to cm.contratc dnrg¡ frø tJro blood, for exauplcr

chloroqulm (Goodrnan .nd GLluanr Lg6j), ro tlrat tbo oporatfvc

Lcvol¡ rritJet-n tlre ccll are highæ than tlro¡e Ln the blood,.

6. l+.4. ILrl:¿g--c-fudË-of drï¡¡ rctlon.

ïa tb{r cbaptor oao *¡f, vLvo rtudy ba¡ becn roported.

L¡rupbocytes frou a ¡ntlont rccolvJ.ng pradrrL¡olono rbotcd a

redueod ab1l1ty to l'neorporate l&C-lsueLnc lnto protein aftcr



lll0.

tbe LnJ.tiatlon of tl¡GrapTr r¡h.en tho¡e c6114 rrer€ <vtrlturod

ín plaeua-froo ædfr¡¡¡. Dy contract the Lncorporatlon by

ùtre cella whsa sr¡lturcd Ln plarua uediuu vao variablo. Faetor¡

Ln plarua rnay bavc uarked ùhe tupairod fr¡¡nctlon of tho llmpho-

cytea to lneorporate l&C-l..tr"tnc. Variable plarna drug

çonccntratLonr too would have ad,ded to the fnconslrtcncy of

tho retuf-f a.

PIIA continued to ¡tLnulatr tho l¡¡mptrocytea to produce

more protelnr althougb tbe degroe of ctÍmulation ra¡ lesa

ln placna uedfurn tban l'n platua-freG rnedir.u.

the lnvcrtlgatLon¡ æportcd auggoet that corticono

J.¿ vLvo bad luprfrcd L¡mplrocyto ¡rotcÍn a¡rnt'herla¡ a reault

yhLch had boca ob¡enrcd r.lth cortlrotilo 1& ¡ü[.!¡9. lhc

obcenrsd cffcct¡ of tJrc dnrg eanc ¡oue tvelve days after

the lal.tl.atl.on of therepy. Forbe¡ ad lled.ereon (tgeø)

reportcd a fall ln ¡crLal rcarurmeut¡ of globul'l.n aprthesLe

¿e Ilû¡9. by llmpbocytoa fron tro patleatr aftcr tbey had

reccLved trcrtmont ritb prednLrolonc end ACITI rcrpectlvoJ.y.

lhe¡c ob¡en¡tLon¡ erc cornpetlbl.e:rlth tho lnlrf.bLtory offoets

of cortLrorro oa lmunc ¡ö¡ponror lp g|ogg.

6.4.5. RllÂ atudLcr

ActLnonycln Dr ucfcnamlc acLd and' clrloroqulne rluo¡t

couplotely tnhtbited RNÀ ayntberl.r by un¡tluulated l¡rupbocytcs
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eultured for ül¡ree bour¡. ChJ.oranbucLLr Índomethaclnt

aulpbLnpyråzone and purouycin partially sr¡pprcgcsd eyntheefe

rrh{le oxy¡rbenbutasone, cortlsone and aal{cylate <{{d not.

Oxyptrenbutazone supprotsed ¡notaln aynttreaJ.a more than

sulphLnpyraãon¡e but tl¡e latter tuppra3asd Rl'itA r¡mtbealo

nore tban tlrc former. thl,c tuggcrtc that a deprecaton Ín

RNA ayntheeia Ln llmplroôytec nay aot be corelatsd rrith a

proportJ,onal fal.l Ln protein rynthceta. Îhe toxlc dnrga¡

Erfenåulc acid and, chloroqulne may have lrad an fndlrect

cffect on Rli[,À ¡ynlùeel.s by kLlllng the col1.

PI{AI rtrlctr stiuulatcd l¡nnph,ocyte protel.n and RilA

syntJresLa¡ did not aÍgntftcantJ-y alter the effect¡ of ttre

druge on Rli[,,À s]nrtbecis. Aetinouycln D, purouycin'and

m efenanLc acld conpletaly l"nlrlbitod Rl{A. a¡mtheaLc by PIIA-

atlúulatcd celJ-a ouLtursd for trelve boura. Sulph{npyrauone

s¡d Lndomethacln partLally lnhibl"tcd s:mthsal,sr rhLJ.c cortLeone

and. ox¡4phenþutaaone hsd no aignl-fl.eant effect.

It 1s cvLdcnt frou theso orpsr!.nd¡tt tl¡at the dmgc

wbLcb ù¡bJ.bfted lyuphocyto proteLn oynt'heala dl.d aot alJ"

lnhlblt RIiIA ¡)rntbc s1¡.

tbe suel.]. anount of RIiÍA ayntheal.s by un¡tfuulated

lyuphocytea Lncrrbated w{tb actLnonycLn D for three hour¡

wa¡ not found ln two otber crrlturcr of ao¡maJ. cel-J.a treatod
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thl-c yâ/r thls very snal,l amount of eynthesl-s waa probabr-y

a conacguencê of (r) übe varLatlon of th.a non-cpecLflc

ineorporatlon of radloactLve prccursor lnto the Rliä,

fractLon aE prGlrarcd by tlre uettroda descrl.bed.. (rf ) the

tine for ratl.nouycl.a D to enter ths ccl1 and block RNA

o¡rnttresLa. (lrr) nt. lLfe of th.c norly synthecLced Rl{a.

RNA eynthe¡i¡ l¡ PIÍA ctt Eulatcd ceLls was blocked by

actfnorrycln D, a fLndlng confimed by otJrera (cooper and

Rubinr L966). trre ¡uall amount of proteln a¡rntlheslsed Ln

tbe procèneG of actLnoayc{n D (cuapter z) uy unatinulatcd

and PHA ctLüulatod l¡nuphocytca did not app€ar to d.cporrd. oa

an aetLnonycin Ð reaLate¡rt RNA eynth,oris.

îhe Lr¡bl.bd.tÍon of RlfA ayntbe alr by puromycLn rar

unorpoctcd. In puromycLn ùroatcd oulùuror 80É of tho

cLls rerê vlable by the crl,terLon of try¡lan blue oxclullon,

after incubation for 24 hours. A¡r e-¡rerfinent rrl¡1ch 1¡ not.

reported Ln thie chaptcr stroned that the inhibl.tl.on of

protein eynthesls by puromycLn war revsrsLble aftcr

three lrours Lncubatioa (Appenar¡ xr). îI¡eae data ouggeat

that tbe effect of puromycln on RNA cyathecle rac not

ascoeLated, rdtlr cell dca{:b eauaed by ÍnhJ.IrLtlon of protein

eynthcrl.a.
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hrrouycJ-n tay have lnterfered wJ.th otb'er uetabollc

pattrways aoaoclsted nltb RldA eyntheslg. Althotrgþ puromycl.n

has a p)6idLdtne rl'ng etructure tlre poesfbL1Lty can¡ot be

exclud,od that it Lnterforcs rrttb tJre lncorporatlon of tbe

purJ.ael rurj.dl'nc¡ l.nto f,lNA. thoec pnobleur couLd be re¡olved.

by decignJ.ng crperl.ment¡ rrtth other proteLn irrbibitors¡

wtricb Íütrlbd-t at the level of the rlbosottlêsr Actl.dione¡

.¡tt¡Lch has a dLfforent gtructr¡re from purornycin but irrbibits

proteln olmtheaLc ln a afnil.ar way (Sfegef and. Sislerr L964)

could be uscd in ùhc¡e lnvectLgationg.

6.5..Êggggg.

(r) nruge wlth antf-Lnflamatory actlvlty Xg vlvo

depretacd J"lmphocytc protel.n eynthesÍs 1A :f!l¡g.

the ictl-vlty of dn¡g analoguea a¡rd u¡etaboJ.ltec

agaLnet proteJ,n ryntlreala rcflected tt¡elr actlvity

as mti-irrfLauuatory agents å& IlI[g.
(Z) Hydrocortlsons ån ¡f¡Jg, depreesed ¡rote{n syntheaLr

by l:nnplrocyter culfured ¿I ¡¡ltfg. Ln plaama-free

medLuu.

(¡) Some of tlre drrrgs used. rêre h1gbJ.y toxic.to cella

culturød 1n pLacua-frec modlum. Tb.ece drrgs probabt-y

l.nhlbt"t proteLn synttresl.a indirectly by kiJ.ltrrg the
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cel"la. Ma¡ry of thß dnrgs sere not toxlc

to ceLlr. Tfreae drnrge tr¡rrlbitcd protein eynthesis

by urecbani¡ne whtch dfd not lead to ceLl dcath.

(t+ ) thc Lrrlrlbltory effectr of nany of tho dnrge uoro

roducod rhon plarua uaa includ,ed Ln the r¡cdLun.

Tl¡e bl'nding of the d,ruga to praeua proter.n. ra,

dL¡cur¡ed ag a poeaiblc mccrranr-e' for rcducJ.ng

tbeLr effcctl,venoas.

(¡) Studlea of dr"trg actlon on RIiIA e¡rntJrca1s by unstluu-
lated and PllA-st{pulated l¡nuphoclrtea rGre rcported.
Tbô unex¡roctcd dqrrca¡lon of Rtitå, cyntbccia by

puronycLn rar éi¡cus aed.

(6) PIIA dtd, not atter tbe degree of irrhibttion of
proteln or Rl{A cynthesls by üre drugs.

þ) ït ls nrggectcd tbat a¡pprêasion of protefn ryntbcrLa

by llmphocytes lg vitro is related, to the effleíency

of a dn¡g as &t antL-infJ_arnuatorTr agent ¿e yÅgg,.

rt nu¡t therefore bc conaidered lr.kcr-y tbat the

anti-lrrflanruratory effoct¡ of tlrrrse dnrga are due,

at 1ea¡t l.n part¡ to tt¡eir effecte on cell¡ of

the l¡nnpbol.d ¡,¡ratem.
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Serconlagi for cepacity to Lnlrtbl.t protofn lyntherle

by l¡mphocytca nay bc ¡ u¡cf,ul prscodure {n rclccting dnrgr

for antL-l.nfJ.anu¡to¡y æd Loquno.uppmr¡l.ve ¡ctlvl.ty.
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CHAPÎDR 7

îrE EFrpcTS OF IIflOPWtINpS ON LryPHOCYTÐ

PRÛTEIII SY]MHÐSTS

7.L. Introduction

In Chapter 6 1t ha¡ been reportsd that eeveral anti-

infJ-amaüory druge l-n clf.nl.cal u¡e Lntriblted l¡tupboeyte

protei'¡¡ clrrrthosir ¿¡L $jþjËÈ. It vac cborn that the

activity of nany of tl¡c druga ¿E gltæ. could be corrclated

yLth thol.r actlvt-ty ¿g flüp.. Ûr th.La chaptcr epccLal

attentloa bas been given to thß thlopurLnea. llrele lacluda

6-Ecrcaptopurlne (eUf¡r â!l æ.al.ogrrc of ad.cnlne and h¡n>oran-

thl"ne¡ azath,loprlne (a derivativo of 6-uorcaptopurine that

l.s rapl.dly converted l.nüo 6MP (Cha1rcre, ÊS, tt., L967), and

6-tAnoguanl,ne (øæ¡r ¡n analogue of grran{rne.

Tl¡e tr"iopurines are t'bou6þt to Lnterfere sLtb purLne

e¡rntlreeis at a ¡ruubcr of poLnta (ptton, L967). lbe preclsc

meehanl,¡ms by uhlob ¿þcee drtgs interfere ritb the immune

reapoaras ere not kaowrr. It ha¡ been arggected thåt tlrey

do this by lnhibition at the leveJ. of nucl-eotide or nucleLc

acid e¡mthe sia. Tbo sù¡dles reported in tlrLs ehaptcr

dcnongtrate the inhlbJ-tory effecte of tlrese dmge on L¡ralph.o-

cyte pnoteLn e¡rnthecis .
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tbo piacca of evÍdsnce ln thc llterature ruggeet tbåt

tt¡cge dnrga act by uore rapJ-d unectranLeua thân by inbfbftLon

of cell dlvfslon and differentiatlon. One Ls tbe l.n?rLbl-tlon

o f the destnrctlve sffect of iuiuunized L¡ruph node eells o¡l

target ce1ls by azatbl,oprlnc (utlgon, Lg65r. The second is

the lrrhibLtlon by 6MP of l¡mpbocyte ¡¡{gratf.on in the

f.nfl.a¡matoff rGüponser e proceoa thåü is also blockcd by

actLnouycLn Ð (Page, 196[). Tbese effects could bc brougbt

about by LnhtbltLon of protoin e¡rath,esia by the thLopurlttêo r

Azaguaninc potently LnhibLto proteJ'a synttresLs ln

Bacl.ll.us Cg¡tgg¡¿ (Cbantrarne lnd Devrêüx¡ L958¡ lfandel, 1958)

but tbe tl.Lopurl.nec tlo not 1n¡rl,bLt tbir s)mtJrealc (Uan¿et,

g.t, åL. , L965). îhe effectg of the thlopurl.nês otr. ¡¡anaalLan

ceJ.L protci.a synthesle bas not boen rell. d.ocumented. Several

er¡reriuenüs vere thereforc decl-gned to Lrrvestlgatc tbe effects

of thege dnrgc on l¡rnplrocytc ¡rroteln s¡tzthes1s.

In the work roported. l-n Cha¡rtor 6 attentLo¡il yar glvcn

to drug ¡aa]-og:uest for exanph aal'l.eylate ra¡ actlve ¿tr vÍvo

and tg gå9æ,r whl1e ng¡g-bydrorybonzoatc¡ vhlc,h ras ln¡ctÍve

ån g¿fg. var aI- so Lnactl-ve ¿f fåû.fg,. Slnce a m¡mbcr of thl-o-

purl"ae uetabolltes t¡1 t&g are bsconlng avaL1¡bl'e and can be

Leolated, l-¡mptrocyte culturc¡ offer unlque opportunlttcs to

cora¡rare tJre actlvLty of tbccc uctabolltea rd.th the parent

drtrg. Such studicg ney aceLat Ln thc detectl.on of the
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acfLve forr of ttre dnrgs and uoay lead. to more effectlvc

aduinLstratlon. Ex¡reriuente vere therefore deslgned to

ínvestl"gate the activity of a rru¡nber of ttrf-opurine metabolites.

lhe alue of tbl.e ohapter uere to Lrrveetigate¡

(r) îbo effects of azatJriopurino t 6MP, 6îc a¡r¿ a nuuber

of thlopurine metabolitec on Lymph.ocyte proteLn o¡nrtlrerie

Ås uÅ!¡9.

(Zl lhe effects of azathloprine¡ 6ltP 
"¡¡¿ 6TG on ttre viability

of l.lmphocytes cultured l¡ v{tro.

(¡ ) Îl¡e cffects of arathLoprf-ne and 6lIP on ribonuclele aoid

ayntheal.s by lyuphocyücs.

(t+ ) The metaboll-sn of lyrph.ocytes frou patJ,entr treatod

yLtb. azathLoprLne.

7 .2. Metþodr ar'"r Matcrltalg

7.2.L Prgnaratl-on gf Lr¡upìecwtc clåI-tures

the J-ynphocytea ycne pre¡nred and cultured. frou nornal

yenor¡ô bJ.ood ín thc Eennor deecrlbod prevl"oual.y. îbese

mothod.¡ and tho dcterrnLnetlon of thc incoqporatlon or ltc-

leuclno Lnto proùel.n b¡vo been dg¡errbsd in chaptGr 2.

rn tlre figures vhlnh are included in ttrls chapter, thê

!.ncorporatlon of lfC-teucine l-nto proteLa in the îC.A

precLpltate has beea Gxllressed as Pe..öent Act{vlùrr. percent
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Actl-vlty l-s defLnod as

Countg pcr uLmrtc (CfU) ftt ct¡lture uLth dn¡g

Countc per uinntc (cn¡) frl control culturo

(trf.s aoüatlon hac been usod ln Cbapter 6. )

lbe vLabf-ll,ty of the J-¡mphocyte suspensl-ons ras

deteruJ-ned by ceJ-l canntLng and trypan blue stal-ning as

descrLbed in Clrapter 2.

Í)re viabllt-ty of the l¡rmphocyte suepensl-orxs was

exprelsed. as Percent }tl.ablLl,tv (tfre Eame as that ueed in

Ctrapter 6). Perccnt Viabl' Ilty tras been defined. as:

lfuuber vJ.abLe cel'l.r ia culture at time of sanpJ.ing

x 100
1

x 100
Ll{umber vl.ab"l-c coll¡ l.n culturr at the cou¡rencement

of Lneubatl.on

7 .2. 2. lth¡ctoic qglsLlgtbC¡l¡,
l4c-c*"lrtr" (cuanrnc-g-14c ruJ.ptrate uonobyd.rate¡

specifJ-c activlty 3.O3 mc/u.bt, Rad.Locbe¡ulcal Centrer Auershann¡

EheJ.ard ) ad 3¡¡-uri¿ine vere used in tl¡e sg1ture oedl.um at

concentratl,on¡ of l,-2 ¡t"c/øL to mclgure nrrcl,eic acl.d a¡mtheric.

the lncorporatLon of 3ll-urt¿1ae lnto RNA yae dete¡uined.

by uethods prcvl,oualy descrfbed i.n Qhapter J. thc lncorpora-

tLon of l4C-grranlnc Lnto nucleLc acl'd ras dcteru1nsd by

waahLng tb ce]'l¡ on fl1tcr ueubralrGg (StanAara Gr¡dcr Oxofd

Courtaulds Ltd., Corrcntry¡ Eng]'and. ). fh6 cu].turec ron6 kcpt
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in an ice batb after LncubatLon to Lnhlbit actLvfty. the

cel1a rêre flJ-tered on uembranc fr.ltere yith euctlon and

vere vaehed rLth to ul of nomal" saLlne folloued by three

wagbeg vith J"J u]. vo].unca of eÉ trtcttoroacetlc acld (tCl).

the lncorporatLon rag cstlnatod by æaeuring tbe radloacttvt-ty

of the cel1s on tbe meÉranes under the end ulndov of a Gef.ger

ÞIer¡l].er counter.

7 '2'l ' g¡¡¡t'

the fot.loulng dnrgo ïGrG addcd. to tJre culüur¡es (ta"

abbrevf.atLonc usgd 1n thr ff.gurea are gá.ven fa parenthesie

togeüb.er yl-th thc trade narne)r

6tfP - f,-Msrcaptopurine (-purlnothol¡ puro porder,

gl.ft of Bummrgü¡ lrreJ.l-coas and Co.r (Auctrelta)

Ltd. ).

AZL - AzathLopr!'ne (-i¡ruraa, purê pond.er, g'fft of

Burroughs lle].].coue ) .

ót\3 - 6-lbfoguanine (SrSna ChemLcal_ Co.r St. Loul.cr

Mo. r U.S. A. ) .

6"f¡'{PR - 6-}Ícttryl uereaptopurlne r{.boslde (brgna Chemlcal

Co. ).
rMr (r) r¡ada¡¡olc coupound, Lsor-ated fnou ttre urLne of

patLcnts on azathLopriae tlrerapy (gfft frou

Mr. Ð. Cbaloerc¡ Departlcnt of Sur€icrh âdc1aldo¡
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ldcatt.eal yltlr rur(e) [clarners¡ g.û. ¡L., L967J).

$.fi (¿ ) - 1-Mctbyl-ll-nl.tr¡o-5-ucrcâpto iuLdazolc¡

emoafu.rrn salt (purc pordcr¡ glft of Burrough,a

Yrlleouc ).

2OE-6MP - 2-Ilyd.roxy-6-Ecrcaptopurlnc (puæ pordcr¡

gr.ft of Burrou6þo fctl'conc).

6TIt - 6-thJ.ourLc ¡cLd (pure porder¡ gl"ft of Burroughs

Ue1lcouc ) .

6I,{PN - 6-}lcrcaptopurlne nucl.ootide (lttclnson, g!. åL.,

Lg63).

6t'{PR - 6-Irlorcapto purLno rl,borl.d,c (porrd,cr¡ doucstle

grado, Sl.g¡a ChoLcal- Co. r Mo . ¡ U.S.A . ).

7.3. Result¡

7.9.L. Sffqet¡ oF orotrlla nrq¡Þo¡l,l

lbo sffoet¡ of 6üPn azatbfopríne and 6ttrl on l¡nnphocytc

protcia cyntlrccLs rre cl¡om ln Ffgurc l.L. 6tl¡ a¡¿ azathio-

prlnr rhovcd sl.uilar lnbtbLtory cffccts on protcLn cyntheelr

rbLJ'o 6I'{P I.t ltart lnhlbl.torìf of ü,bo t&rea drug:.

Flg. 7.2 tbavc thc cffect¡ of r nrruber of notebol.itc¡

ofr and rclatod thl.opurLaes to, 6MP and azetlrÍoprf.nc. the

Lnhlbltoq¡ cffccts of 6!lP ¡r-t aaathloprinê, rùtch yerG tcated

alut¡lt*raoucly, æG cbøm La cee,b fl,6urc. therc drugr uerro



Ffg. 7.L. $þc- ef,f,act¿ of lncroasln¡ concentratlonf
at S{P- arrf,.bl.olr-l"a ,anrt 6j[G .1,'. .tJra

ued{¡¡n or hm¡¡hgtrvtc orotcån El¡'¡thFelr

l{or"unal- 1yuphocytc¡ rsre cultr¡red La eupplens¡tcd
Þaglc t g uedl'uu prc¡nred ulttrout l-euci¡re and vftlr
l&c-L".r"l.o at ¡ eonccntratlon of o.25 pe/wl.

llre dnrga:
6l.lP - 6-Msrcapto¡nrr:tnc
ÂZrt - AzathLoprl,nc
6îC - 6-Thfogu¡rnLæ

varc i.nc].udcd in tbc nedLuu nt the concentratLms
gh,ortl. Eaclr rot of pointr. reprcrcats tr-lplieaÛe
detcr¡niu¡tíons Fds by urtn6 ühr dntg¡ vLttrr one

pro¡raratLoa of l.¡mpbocyt.¡.
Thc l-aeorlpontLoa or l4c-tcueing bae beæ

etpraasod ar Pcreont Acttvl'tyr uhl'eh Ls def!¡cd
¡tã:

Cou ts ¡rcr u1nuts La culturo rftlr dnrg
x

Counts per ninutc l,n control ølture
100

1
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Fr€. 7.2. Tbe eff,ec't¡ of a numb?r ot-mgtqbol.ites

and a4å¿osuês ot 6UP a¡rd. aza

g¡r lvmplrpeyte orotein gvlrtheg;ls

l{oruraL lyuphocytes were er¡lturcd in suppleuem,ted

Eaglers uedl"uu prspûred ri.thout 1euclne and vltb
14c-l-"rr"Lne at a conceatratlon of o.2i pc/mL.

ArBrCrDr and E repreaent experiuentø perfo¡ued' ryith

dlfferent preparatLons of no¡r¡al l¡mphocytes'

îlre dnrgs
IMr(z ) - I"*ltethyl-lr-nitro-5-Eef captoluldasoLe

6tu 6-ThLourlc act.d

6MP * 6-MercaPtoPurLae
AZA - ÂsatbloPrÍne

2OE6'{P 2-}1¡clrory-6*noreaptcpurlre
n¿f(f ) Irridazols uetabollto frou azathloprLae

ôlfn - 6-lfercapto¡rurl.ne rlboai¡de
6MUFA. 6-Mcthyt- rnercaptopurfne ribosldc

refe l¿cludcd ln tbe culturc ¡ncdlun of l¡ruphocyte

preparatlous at thc concontfatl-ons ¡lrorn in t'lre

figure.
In experluent A, óMP ¡¡¿ åZA uers l.ncludcd at

three conceatratfouc 1n the modLuu. Ia th'o other

ex¡rerlucrrta ttr¡o¡e dnrgs arsnt includod at ons CoûêeD-

tratlon only. Ihe irû¡rlbLtloa.c produced at tlreso

concentratLons are ¡hou as hlrto$rau r

lhe lncor'¡roration of l4c-t".roLne h¡s been

oxprotsed s¡ Pereeut aetivLtY.
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L5a.

al.ïayr uorG LnbJ.bl.tory thaa thc uctabolltcc.

lhe LnhlbJ.tory cffeot¡ of lhe dnrgs varLtd rben they

usrg te¡ted yLtb lyuplrocytc¡ frou diffcront no1a¡l donors

(ffe. 7 .Jr. 6llP ¡,¡¡ tlre uort varlabLe of tbe dnrgt Ln itr

cffcct on protein cynthe¡ic aud Ln sorne catot tJlt c drt:g raa

¡¡.ot tnbfbttory. By coraparleoa, ezatbloprl.¡re ÍnbíU.tcd to thc

aarc sxto,nü and oftgn Edt trr¡¡ 6llP, rrh,en tbc¡e drugc vcro

u¡ed ¡t tbs tar! concdratl.mt ln lynpbocytG cul,turo¡

prepared fr',orn tho aaro donor. In a ul.aorl'üy of tertr, óUP

rer Eors l.nbtbLtory ttrran azathloprlns. 61G ras Lnhlbl-to¡Ìf

1n every tc¡t. îìhc uctaÈolltor æd analoguer of thr tbl,o-

¡nrrLaor had J.l.ttJ.c f.nlrlbt.tory offcet on L¡ru¡rhocyte protcln

a¡lntbeala. The Lut.dasol.o dsrl.vat1v¡g IllI (f ) and IMI (Z),

and 6-thiourie aeid had a ¡ll.gbt tdrlbJ.tory effect. 6-üctlryl

ulercaptopurLnc rLbo¡tdc uat not lnbLbl.toryr uhLJ.c Z-bydrory

6 nercaptopurLae uar 11lgþtly Lahl.bl,tory at bLgb concentratLonc.

6-Mercaptopurlnc nucl;otidc¡ ùasted oD, otr¡å occelioa,

produced a .¡ra].l ¡¡or¡¡t of trlrl.bLtl.on¡ but 6!fP tc¡tad on tlre

same occasl,on ua¡ tvLce ac ta¡rlbtùorTr 6-McrcaPtopurlac

rlbo¡lde also produecd r lnall mount of l.¡bibltl.on.

Cultura fluidr fæn J.¡rnpboq¡too Lncr¡batcd rLtb 6MP and

rltlr aâathl.oprlac at oonecntratlonr of 6O þ!løL, I-abel-t.cd



Fig. 7.3. The effgcts of Sh!'r¡crg, on- preoaratLons of
hmobogtef, frog dÍfferent norual
donor¡

Norral. lyupbocytes rera cul"turad, in supplemented

Eag;lef s mediu¡n prÊpared ultbout loucLne and rLtb.
1&0-1*.r.Lne at a conce¡rtration of o.2j ¡t,c/r.ir.

the dnrgs:

,6MP - 6-Mercaptopurlne
AZA, - .â.zaürioprinc

6fG - 6-fb1oguanl.ne
:t}Íf(f ) Ir¡ad,azole ¡¡etaboltto fbou azathfoprin.e t

rur(¿ ) - I-Methyl-4-nitro-5-uêrcaptoÍrnidazole
6f!U - 6-Tniouric acLd

HMP 2-Iþdroxy-6-üercaptopurJ.ne (eOgeUp)

6fru - 6-Metby1. uercaptopurine rlboside (eMMfn¡

6I'fPN 6-Mereaptopurdne nucl-eoùLde

6MPR (í-Mereaptopur:lac rLbocíd.e

were included 1a. tho medíuu of l¡nnplrocyte preparatLons
at the coacentratLon¡ shorn Ln ttrre fLgure.

Each polnt in t"he fl.gurìê repneaents a d^eterulna-
tlon uade 1n ùrl.pJ.icate ylth onß prepâration of norual
1¡iupb'ocytet. the Lncor¡poratS-on of l&C-L*rr"ine lras

been exllresced a¡ ¡rercent actlvLty.
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L5:3.

tbe sarne protcln arcs ln IEP ¡nttrras aa t¡roes found Ln

pattemt prcpared fron culture¡ of untreated l¡ruphocyter'

Ttre¡a dnrgc dl.d not apPsrr to aolectLvely t¡úrLbit the productlon

of any particular Prot.Ln.

? '3'2'
The prcr.ncG of 2#o placua ln thô uadLurn modl"flcd tho

effects of azathfoprLne, 6ùlP æd 61Gi on ¡rrotein r¡mthesf'l

(ffg. ?.4r. thc effcct of p¡ena uas not sn mrkod vtth 61tG

ard azatbl.oprlnc ar Lt ra¡ ultJr (l'IP. Ou one occacion wl'th'

6MP and on tro ocee¡lons rlth eaatbLoprlne¡ the tnlrtbitory

effsctc of the¡c dnrge uotc Lærce¡ed' 14 tþe presGnce of

plaana.

7.3.3. fntcnactt'otrr ¡Gltþ PHA

the degrcc of tnblü"tlon of l¡mpþocyte proteln l¡rathecL¡

by tbc thrcc drrrge ól{P, aaatlrl.opriac a¡ld 61G ral tlrc se¡e Ln

cu].turcr ¡tlnul¡ted vl.tb PHå, al I'n un¡tl.rsulatcd crrlturcc

(rr.e . 7.5).

7.3,4. Effectr on hnnnbocv!ç wLaþ;L].Ltr

the effcctr of the threo ttrLopurl.üåõ¡6MPr azathi-oprlne

and 6Îl on l¡nnpbocyte,vitbllLty at concentratlon¡ of 60 þe/ul

|n, ttre eulturc uodl,uul arc ûcrrn La Fl'g. 7.6, Azat'btoprlns

ras t¡e r¡o¡t eytoto¡{c of ûbc ärrec dnrgr. Thc surrlval curvo

for thl,s drrrg cbored an acceloratcd rate of eall death in the



li)ûP¡at of nl¡.rr. ln tha n¡dl-r¡m ôll tlaa

l.nåibLtgry- effsct¡ of 6ÞlP. a¡at'hl.oprLre

FRd 618 oR orotetn ?vnt&¡¡¡L¿

Nor¡rnal l¡ruphocftcr rot! crrltured ln ;upp136atsd
Eagl.ar r uodl.uu Pricl¡¡red rl,thot¡t l¡r¡cl'ne and vltb or

rltþout autolo6out plræa. 14c-13uclne Iå8 íacludcd'

1a tJrc uedLum rt a concentratlon of O.2S ¡tc/rg.I-.

LLnes Jofn palred obeo¡vatim'r of the cama drug rlth.
ons properatLoa of l'yupboc,lrtot.

C - neprrBsorrtl tr|{pl"icatc dateraLnstLous
m¡dc tî .2#t Plaroa nodl.uu.

O - roPrcse¡tt trtpltcatc dctcruinati-ons
rn¡dc l.n pl-aauie-fires Eèdl.uu.

lhe drrrgat

6f¿P d-tr{æc¡ptopuriu
AZA - A!¡stlriolrri,aå

6îg - d-ÍlrroguanLnr

rorû l.æludcd Ln tNrc crrlturc uodLuu at tlre

concætratl.on¡ drorn Ln tlro fl-grrr.
îtrc inaorporetLou or l4c-tcucl.nc has been

ôxt'n¡rtGd e¡ pcrecnt actlvÍty.
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tr'19. 7.5. T-^---^¡¡^- ^â +LÃ .l*.aa lMlt Ár1ß qn'{

tbc data ro16 coupll'3d fræ ¡ nr¡mber of er¡reri-
montlr No¡ruL 1yupbocrytct rorc cültt¡rod l.n, pla¡na-

f,reer ruppleDated DaglGf s u6rl{uE prGpåred rrLthor¡t

Leuciac end ultt¡ l4c-lo.r"lot at a concêntrlation of
A.25 pc/rnl. PIIA ctiuulated p¡otol.n lynthe¡l¡ 3Jl
tlur¡a th¡t in control cul-ärrcr. Each polnt ln thc

flguro roprcto¡rts ¡ detertrf¡¡atl.on nede {n triplLoate
rith ono prü$rrrtfou dtf l¡nrphoc¡rtca.

thc dnrgs r

6t{P - 6-}tcrcrpto¡rur{.nc

6TGt - 6-1bl-ogtran-tas

Nl,A - Aratb{oprinc
r6rrg Lac1udcd Lu tl¡e uediuu at tJre concentration¡
elrown Ln tbe flgurc'

tl¡c lncorporatLon of 14c-lt r"rno tra¡ been

exprGtt€d ¡c percent actlvltY.
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Fi6" 7.6. tnh^ a.Ff¡a* af ¿larør nn tlqo ç{ølr{l{tv rrf

norTaL 1vBDboeJ¡tFs

Normal lyrnpbocyta¡ rerc cultur.d l.n placma-frco

sulrplæented Eaglsr t rnod,Lr¡u prrgpercd wL*Jrout leucLne.

L¡¡mphocytc viåblllty ral determLn*d ag deecrlbed in

thc text at varlout tlroês during incubatl'oa' Each

sst of pofuttt for cach dnrg ual determl-ned fn
ùrJ'pll.cate vl.tb onô prêpar¡tLotl of lyuphoc¡rtea.

In esch experl.rent cr¡Lture¡ rLtbout d¡rt¡g r€re alrap
includcd as controll.

Yiabíl.Lty of tho ceLle ha¡ bcen €x¡trctaêd as

perccnt vl.abf.Ltùy vhlclr fl de*lncd an:

l{o. c61lt viabl.c ln cultuûD lt tlue of
r¡ænl {æ

100Tî

li[o. ce11¡ vLebh Ín cultn¡re at tl¡c
cournGrc@tût of lneubatl.on

the dnrgt t

6t'¡P - ó-Mercaptopurlno
61Gl - 6-tbfoguml.nc
A7.A - Asatbl.oprl"n

rere incLuded l.n thc usdi.r.u at aoËcoütratl.oas of
(O pg/ueI.
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L54.

second bal-f of tbe lncubatlon pariod. lbls suggertcd a

second order effcctr suclr as tJre accunulatlon of a toxLc

product. IIre effects of 6{P a¡rd 61G on l-yupbocytc vLabLlLty

dLd not cuggcst tbat thsy rere lcthal.

7.3.5. Effccta rrrr nrr¡rl a{e ec{ d ¡rrmthcg:l¡

6!1P had a €üa1l tntrl"bl,tory Gffect orr tbe lncorporatlon

of 3H-sjidl-ne lnto RNA þy un¡tLuulated l¡mphocytcr¡ but the

dn¡g had no rLgnl.fl.cant effcct on tba l.ncoqporatLon Lnto

R$A by PllA-stinulated cellsr Assf,þloprJ.æ dt.d not havc any

sJ.gnLfLcant effect on tblncorporatLon of prectrraor by

unstLuul.atcd or ¡tluulated ctrJ.turGt of 1¡mpbocytoa (rrg. 7.7).

The effcct¡ of 6MP ad. asath!'oprl.ne on thc Íncorporatloa

69 l4c-guanLnc lnto '¡qcleLe aold. arc ebovn f.n lab1e ?.1. On

threc occaal.on¡ 6l'{P tnfribf.ted uptakor uhi1e acrthioprlnc

LnhíbLtcd onl.y @,Gc¡ Ilhe reeult; ucro varl.able and actlno-

rrycln D yas not couplctcLy l.nhlb1tory. Klll.ed ce1ls d{d not

lncorgrorate precurror l.nto ¡ruelcLc acld.

7.3.6 n@

T\ro patLcnt¡ rGra ¡tudLed. Blood uaa taken at inte¡r¡alc

before and durl'ng dng tberapy. lbe llmphocytec rcrÊ prcpared,

a¡d eul-tured Ln pl-asua-fres nodiun æd uediuu contaLning

autologous plaeua telsen at the caue occaglon. IJnc ccll¡

rsre cultured for 2& h,ours and aft:r freczLr.g and tbaylng,



Fig. 7.7. lÌhe effpctg of &fP ar\fl azat}¡loprlnq on

thq lnef'rno-atrr'n oc 3Il-rrtidl.o ro*o

tst{A

In expcrl.uenta A and B, rror.unaL l¡ruphocytes vere

cultured l.n tuppl.eacntod BagJ.ers EêdLun ¡rrepared
poration of 3H-uridine

?¡ae beæ srprêsüed ¡¡ cøurlte/ZO ainr Ln I rnl of
ths R}IA extract (totat voJ'uae 5 sI- ). the incorpora-
tion rae deterrained aa de¡crtbed in Chapteî 3t
seetLoa 3.2.\.
lbe dngs:

6r\ip _ 6_lfercaptopurfne
AZA - Azatkrioþrine

vere Lncl.uded Ín tno medfum of unstl.mu]-ated and. PIÍA-

stJ.uul.ated J.¡mphoeytel at the concêntratf ona shova

i.n ttrre'figure.
A. Ia thl.e experluent tho dnrgÉ ïere l-ncluded {.n

the nedfum of ungtluulated l¡mph,oeytes. lbe

J"ncorporation by a cuLturc wlthout drug 1a Lqdlcated
sa COlm 1n the fl6ure. î)re culturea comtaLned.2.7 -
rO6 t¡mptrocytes and. 2 pc fu-urldine. the culùres
w6re termínated after 3 bor¡rgr íncubatLon.
B. In tlrig experlment dn:6s yere l"ncLuded ín the
medLum of PllÀ-stfunulated l¡nnphocytes. Unstimulated
I-¡nrphocr¡rteg vere lncludsd ag s corrtrol (CO}{t). lbe
cultureg contaLned 3.3 x tO6 call¡ end 2 pc 3H-

urídine. llhe sulturea rere terminatod after.
lncubatlon for 12 lrourg,
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lab1e 7.L. |lar- ^

af

A - tJre se

and 1

B - ttrrece

Ênd L

C - the¡e

^â ,.1*.-¡ 
^- '}laa .lraa*aoo*{nn

1&c--r-tr{ t -

cultures
pc of ltl

cultures

{n*o rrrr¡:l a'l r: ac{¡l lrrr

cuLüurer of l¡nstLuu].sted L\mobocytec

Nornrnal L¡mphocytec vere cultured Ln eupplenonted
Dag].erg nedium prleparsd vl,thout ]-en¡clne. the oth'er

experLmental condlüiont rorFB s

cuLturee @ntaLned 1.9 x LO

pe of 1&c-g.raat-oe;

6 celL8

åd, 1 .l ¡.rc of

æntaLncd 2.? x fO6

C-guanJ.ne;

contaf¡red 1.5 x 106
14c-gua'r¡ ne.

ceL].E

ceI.l-¡

the drrrgs:
ActD-ActlnomycinD
Ã2,A - Àzatt¡ioprine
6MP 6-llercaptopurlnø

uera included Ln tlrc sultu¡t mdl.uu at tbe concentra-

tLons ghown in th.e tab].e. Thß J,ncoryoratÍon of 14C-

guan{ne was trGaaur€d aõ deccrlbed 1n the Methoda.

the Lnco¡?oration has been expresaod as counts per

¡ninute (CfU) fr" the ce1ls after prglnrstLon for
counting. thcee val-uaa are glven vLth tbeir
stardard deviatl.ons.

ActlnouycLn D dl-d not lublbl"t coupletely t&e

uptaka og l4C-g.r¡nl'ns. 6MP inl¡ibl"ted' ttre uptake
on the tbrce occaelon¡ teatedr rbll"e asathioprl,ne
ir¡bLbLted only ou.ce.
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L55.

the radLoactLvlùy Ln protod,na Ln the lCA preeLpltatc rar

d.ete¡sinod.

th. raaultg of thgc lwectl'gati.ona are shoyn in

Tabl-c 7.2 aú. 7.3. the dnrg regl.toc are stron la oacb

tab]-c. PatLcnt I ras receivl.ng ACTII, prednisolonc aqd

azatbl-oprÍne; paùicnt II rec reeeLvlng azathropr:ine snlyr

L¡nnphocytea fron tr*o paüLeats reeeívt--êi azathLo¡rLne

rhoucd a e'lengc ln thcLr lyrph.oc1¡tc proteLn s¡rnthcsl.c abillty.

Patlont I r'¡ag receLvlng betaneth¡sone æd ACTH prC-or to

azathloprl,ns thcrrpy. åCIË ras eou'tinucd for a abort pcrlod

wh1l-e betauethaaone rar continued aa beforc tlre LnLtLatlon

of tbe patlent to azatL{oprinc. Lyuphocytce fro¡n thLs

¡ratlont s¡rnlùcrf.red J.l.ttLc proteln rhen cu}:tured l-n plaoua

or pl-aaua-free rred.luu ubl.I-e "ACTH treat¡¡ent uas continued.

Th€ cy4thêe1ô by tha l¡nnplroc¡rtcr rose whsn ACTE wag

dlscontLnucd and fel-1 cubaequcntly aa tJre adml-nlstratlon

of azatlrl-oprLne end. bota,lretl¡asono raE eontlnr¡cd. TIre

fal'1 Ln l¡æph,oeyte pretcl,rr cyaühecf s taa mogt narkod. rhen

tbe eeL16 rore cuLtured f.n plaama usdiu¡t.

PIfá. dl,d aot etlnulate proteln c¡mtJee¡is on three

occa¡Lons rhsn Laeluded 1n platua-free nedLuu, On tJrc other

two occagLonc the stlnu1.atl.on of protel'n occur"red vhen



Tab1e 7.2. rI¡r vl.vor studt¡ of tJre effects qf ACTÎI.

betaqf¿thasone and a zatå.tgp¡¿Ag

L¡nnphocytss we¡re lsoL*ed fror¡ a uale patlent
sufferl.ng frorn a skin al"Jergy cauaad by an l,rductrial
accLdent rlth ch,romluu. the J-ynphocytes nere prepard
as de¡crlbcd Ln the netbod¡ ereept that the lou a¡reed.

eentrlfugation (f5O x g) ,ac ouitted. ThG crrltr¡res
contalnad 1-2 x t06 cel-la aad o.25 trc or l4c-teuclne.

In lable Ar the Lncor¡roration of preeuraor by
the cell-s ha¡ been srpretaad a¡ counte/t06 ceilLs/rltr.r/
L/4 ¡tc 

l4C-1eu"ine Ln tlee ncdLum. BLood uas tal¡en
frm the ¡ntLent md thc l.yuphocytoe rere ¡nrepared
at the tirnca ¡hoyn l.n tlrt¡ table. lhe catlture vo].umet

uerle L uL. Frêezs-drlcd portlona of ttre saue batclr
of PILA rena used at GvsrIr . occasion aù t}¡e saee Go[cGn-

tratl.on l.n tbe uedlum. Supplsueated Eaglefs uedlum
pre¡rarcd rLthout LeucLne wsE u¡cd rq¡tLneLy uittr or
rltbout autologous plaana camplad at the sæe tLrne

witJr the l¡mphocytes.
Îhe drrrg regimea dur:tng tJre collection of þlood

sqmpler are given l.n B.
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TÁBLD 7.2

Counts É Il¡tre""t
!{o pt asna õ PILI

109
t+s

105
79

3L7
626 L9?

A a

Date

L8/Lo

L9/Lo

20/La

23/Lo

PHA

+

20?

L53

L99

279

185
369

79
220

35t+
946

Counts
25É pLaarna

É rncrc"c.
õ PITA

26
58

26
+

7
2+

+

L7
3,6

*25/Lo 25L
+

27/Lo

484

,'6?

3/LL 497 265
+

La/LL

.ACff (forre act1ng)
ACÍH (short aettng)

Betametharone
Azathl-oprLne

270

2O í.u.
2O l.u.

O.75 ug t.do8¡
5O rng t.d.!.

25/Lo
30/La
COIMlNUOUS
LslLO

6a
160

92
343 370

23/LL 257 L25

B.

Drtrg Ðoae Start Finlch

t

+

L9/Lo
25/Lo
3CI/ro



Table 7,3. rln.vivor ¡tu$w qf the effqete of
aqFtbl.oorin

L¡nopbocytes rero LgoLated from a female patl,ent
sufferl.ng frou kerato-eonJuncttvitLs, sicca. the
l¡nnpbocytea yere pre¡rared ac descrlbod. J.n tJee Mettrroda

rLth tJ¡e exception ùhat tlre Low a¡reed centrLfugatlo¡r
(r¡o x g) ïaô orn{tted. the culturea conùaLned.

o.8 - 1".3x 1o6 cet].c al¡d Q.25 pc of 14c-l".r"lne.

In îable á. tJre iacorporatlon of precuruor by
tlre ce}la l¡ar boea G:¡prlesaêd ap counts/t-O6 ceLLs/
ørl./L/r+ pc of l&C-l".r.Lrl" ln ttr¡e medLum. BLood

was taken frou the paùl.ent æd th.e Llmptrocytee

were pnepared at tbe tLuea sh.outr Ln tbe tabile.
ÎLe ctrl"tune vo]-r¡t¡ee rere L rn1. Freeze drled a]-f.quots

of tJre aa¡l¡o batclr of PHA rore u¡cd at every occaslon
at the same concentratl"o¡ Ln tJre uedLum. Supple-

mented EagJ-era medium prepared uÍtbout J-euclne

r¡as uaed routLnely yJ'th or ritl.out autologous
plaæa saunpled at tJrþ s?qc tL¡¡c yLttr tlre l¡rurpbo-
eytes. '

the dnrg regine durLng thc col-lectLon of
bl-ood saupler Ís given l.n B.
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ÎÁBLE 7.3
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1

+

+

+

+

48
26

22/LL L36

B.

Dr.''g Do¡c Start

.ÀzatbioprLae 5o ugn t.d.!, zSlLo

* BLood takcn before adu¡irrittratLon of dnrg.
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ACllI ¡dminictratLon vaa d!.rcontl,nurd. Patl.ent rI rcceLvcd

arathioprl,ne only. Proteln s¡rnthesl.s by ttre lynphocytes

cultured 1n plarua-free u¡edLum dld not change elgniflcantly,

but the pnotcf.n r¡rttheaí¡ actirrLty of tlre l-¡nnptroeytes l.n

pl.aruaa uedluu ghorccd a sllght far.I. 1n th.elr abllJ.ty to

incor¡rorate precuraor. PHa lncreased proteLn s¡m,theaís¡ but

on trro oecasLorrs ln plearna-frse mediun the stinuLatLorr by

PHA sas le¡s than er¡rected,.

7 .4. Dieer¡s¡Lon

the thlopurl,ncc, 6-thloguaninc¡ 6-mGreaptopurl.ne and

azathioprl.n all lnrr{þ¡trsd pnoteLn ayntberLs. Auathloprine

(t¿tn a nolccular rcf.ght approxl.rnately triea ttrrat of 6-uercapto-

purl,nc) rraa Ëoro effcctl.ve or as effcctlvo ar 6-aorcaptopur1na

at the gaue concentratLon Ln tb,c cr¡lturc medLr.un. orr a aolar

baalc azatbLoprlno rac tvLce ar effcctLvo as 6MP. 6-thl.o-

guanLae at tbc EaEe coucentratloa rboued. tfihlbLtlon of

protcia c¡rntJrerla rlullar to thÊt rLtb azath,!.opr1ne. Tho

effeets of 6MP r6rc Eorê varlable th^an tboee rith ezat?r{ oprino

vlren tested vLtb lyupbocyter frou dl.fferent patLenta. tbe

dl.fferæce¡ in Lntrl.bitt oa y.re ront marked when plrá. was

lucludcd in tlre uedluu. In tlrc presenco of PIIA azathloprlne

vaa a1rays Eo¡lo tnhLbttory ttran 6MP. îbe percenta6c inhl_bi&as

produccd by tbc variouc drmgs rôr of the aaus order rþsf,þcl3 gHA
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uas l.ncLuded Ln thc ne d,l.ura or noù. thie recult ruggcata

that the drtrgc dl-d not l.nterferc rl.tb tbe mochrnl.¡u of PIIÂ

ctLrnrl.stion.

llasun in tlre ucdLuu acted in pogt cases to rsduee

the Lnhlbitor'¡r effeets of the drugc ercept ln one case rrlttr

&fP and Ln tvo carer rtth azatbLoprl.ns.

îho cells a¡rvLved wel'l. Ln tlro pzrêsellce of tbe

tbLopurfnea cxcept azatbl.opri"ne. tb,e surwLval curye rLtJr

azathloprl,ne sbovod a decJ.iæ i.n tlrc Latter hal"f of thc

lncubatLon perlodr an effect ribl-clr euggeeted' tJro accr.uuLatl,on

of a toxLc product, but 1t l.s uu-l1kcly th¡at ühLs drtrt

l.nhibitcd proteLn rynth.esic by beLng J.etlral. during üre

early b,ours of LnctrbatLon. tb¡ otJrer drr¡ga dl'd noù appcar

to exert thel.r l4tribLto"y "ff""tr by berne l.ethal to

eells. Bersnbar¡m (tgøS) n"" obscrycd that tl.loguanina rar

Lu¡nunogupprescivc I& Il¡¡g,r rltbout caugtng dectrnrctLon of

l¡mpbol"d tJ.gsue.

EJ.l.orr (tg67) uas lrggested a rnumber of ptacea at vrrl-ctr

the tht-opurLnes could.futerfere wLth proteLn syntbeais. rn

tlre e¡perl¡¡en.ts of G¡.fl¡Scrgor and Mædel ($eS) u.fth EacLt,tua

ceFêJ¡ar 8-aãå€lr¡å¡rlne dl.d. not l,nterferc sl.th, tlre fo¡retlon of

rn-Rlta o¡r uith Lto abLlJ.ty to fi¡actlon. Irowcvcr, thic dnrg

ls not an lmunoauppretslve agent. 6MP had a sual.I. but
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oLgnLf1cant effcct or, 3H-.rtl.d.ine l-neorporatlon lnto Rl{À

by uaatlsuLatcd cell.¡ but bad no ¡tgnlflcant effect on

the fncorpor¡tl.on by Pl{A-ctl-Bulated ccll¡. Azathloprine

had ao sl.gnl.ficant effcct on the lncorporstlon by unrtlnulated,

or PlIA-stl.mulated eella. îhia lneorryoratLon yag actLnowycLn D

aenritlvc¡ auggeating that uost of tho Rli[A was ¡-Rli[À. It

does not appêsr thereforc tbat thc dnrgs exert tbel-r

lnhibLtory effectr on l¡ruplro¿ytc proteLn syutheclr by

tn'hlbittng E-RNA s¡nntheeLc .

Ibc tJriopurl.ncr uay bc ox¡rctcd. to Lrrterferc uLtb t-RlIA,

but J.n otber ryetenc t-Rlll, conteLnlag 8-aza6uanf,nc contlnucd

to functlou no¡ua1Ly (Lovtn, ].965t lfcl-nstel¡r and Hnbcrgtêrt

L965). tha dnrgõ n¿y J,ntcrfcrc rlth tJrc coeaø¡mc functf.oa

of guenLne trlphoephate (Ctp) fla protein r¡rnttæalr, altbougb

ln tJ¡e e:çerinent¡ reporte<l by Roy a,d. co-rcorkcr¡ (fp6f )

th{ olnocine trl.phorphate and trr{oguæLne trLphoephate d.1d

aot lnbtblt GTP sq6nzJ'ng ftrnet{on. lhe ttrJ,opurinec may be

actlwe at the level of r{,bosouaf- Rl{A but frrrther lrrveattgation

Le needed to imrestlgate tl¡Ls polnt.

lhe poaelblltty caunot be o¡cluded thåt th¡ tbLopurl.naa

rnay be Lncorporatcd. La,to 6-RNA, pmduc{ng a tnongcnaor-cod,o

and malft¡nctl'oa of the Eesseager.
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lbe greatcr {'rr¡ibl,tory af,fcct¡ of azathloprl"ac conparcd

uf.th 6-EGreeptopurinc aay bc eauEcd by a an¡¡nber of factor¡¡
(¿) ¿zethloprlac 1t¡clf uey bs nono effectfve ttrqr 6!ÍP.

(rr) Aratbtoprlns rd¡l.eù Ls m, L¡¡id¿soLe derlvatr.ve of 6Mp

aay act ar rn, lmuro¡uppreerivc agent by the cloy rclre¡c

of 6MP. (rrr) Aaetlrioprlnc dcrrvatlver nay bs norc rctlve

thæ' 6t'tP o" Íta derlvatlYlr.

Asath{oprino ad 6{P erc botb in}ribl-torc of th.c

lronograft rcaetLon ¿& vlvo (Bercnbaun¡ tg65;. Iroïêycr¡ ln

tho dog¡ aarthloprLne uer uorc cffcctlve tban 6t{P (cal¡c,

1961¡ ca]-ner Ê¿ ¡1. , L962) ro bl.oclcl.ng the lronogreft reactJ.on.

Lzatrrioprl.a¿ ra¡ a.I.¡o ¡torlÞ cffcctl.ve thaa ô{p tn

lrrr1bitLa6 thc foruatl,on of hacnagglutLmtLng aatibodlo¡

Ln nf.ce¡ fo].loulng tJrc lnJcction of ahccp ¡rcd cellc (nrth¡¡,

cs, ¡å. r 1961). rt¡æ the nLcc rcrr treatod utt¡r glutath,ione

prlor to ttre adnLnlrtrrtlo¿ of arathioprlnor ttro rcrpourra

to azatbl.oprl.æ a¡d 6IlP ucrG thG raüe.

AøattrrloprLno ir pll"t by rulpbydryl groupr¡ ubieù arr

preroat l.rr 6l.utatbionc, to retaarr 6ltP (Erctalctr L9j9¡

OlbaLrcr¡, !Í, tl., Lg67r. rn ttrc pror.nec of gilutathionc¡

azathl.oprLne rq¡I.d rcJ.cæc 6lfP rn¡r 66 a¡ effcctlve s¡ tlis

d,rrrg¡ provtdcd tbr Luid¡zolo dorc.vetivc ran L¡actlvl.
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It l"s therefore poca1ble thåt azathLoprl,ne ras !¡oro

effectLve agaLurt l¡mphocyte proùel-n ayntheal.c Ln th€ ctudiee

reported hcre bccar¡¡ e 1t acted to release &fP tnrouglrout tbe

l.neubatLon pcrLod.. Ia contrart¡ 64P aduLnLsterêd lnitf.aLly,

nay have becn rapl'dly oxÍdircd to 6 thi.ouric acl-d by

xan{¡hLne oxl-dere. Iht ¡ orr!:¡üo yor¡]"d rg&¡ce tJre cffoctlve

cò¡¡,centrald.on of 6l'fP l.n tÞnedluu. Af.terrnatf.vely l't l.a

poaalblc that the pcrncabiltty of tlre cel-Ls to azatbLoprl¡re

and 6t{P dl.ffer. L¡mphocytce nay be uore permeable to

azathloprlncn so thåt oD,cG rl.thLn tbc celJ. r azathloprlrre

actcd to rel'eage 6MP md lnþJ.btt protela syntheal.s.

Modification d the Lnhi-hi.tory cffecta of dnrgr fn

plaena uedlun nay hrvc bo>n tbe rccult of¡

(f) nr¡ d,r'ugt uay hlve bcm bo¡nd to plaama, neductng tbeir

effectlvc corlcêntration. TbLs yauf-d. h¿ve ex¡rlalaed a

reductl,oa, but not an lncreaae Ln tJre effectfveneg¡ of

thc drugc.

(ff ¡ â¡a l"ncreace ln xurthlnc o:rl.dane activLty in tb.c prssê¡rcs

of placua rur].d. har¡e lncreaaod tås oxldatlon of 6lfP to 6

thLou:rlc ac{d and honce votrld have reduced tbe actlvlty of

6Ir{P.

(fff) Sufphydryl. gnorrps fn plaeua protetna may be erpected

to Lncreace the productLoa of 6MP ¡"or azathtopr:l.ne. .An
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l.ncrcaae 1n tbc actlvtty of azat'hloprLao Ln tbe preaencc of

pt aama nay have beetr erplal.aed by tbe enbanced but 1ncoup1ete

re].eace of 6MP vbtclr vould bevc b¡en effectLvs (unle¡a &ere

ïaË a pslueabtllty barrl'er to 6MP) througbout t.he inetrbation.

l{here tlre activl'ty of azathl,oprlne vac reduced Ln the prcsrnce

of pl-aaura¡ tJrcre uay havc bsc¡r cufficl.ent sul.phydryl groupl

to spll.t aznthlopriæ rapl'dly to 6ÅûP, reducing üre sffeetl-ve-

ne¡s of tbc dnrg to that of 6MP f-acluded Ln the nediuu

LnitLa1-1.y.

Tb,e lnhlbl"tory effcct of 6MP on ons occaaLon rsg

lncrcaged l.n plaama; ucdluu. llrc crpl.anatLon¡ offercd do

pt firlly egrl-a{n tbs ob¡cncd dLfferenceo La tha LnhJ.bl.tory

actl.viti.eg of ',ae dnrga in plasua and plasma-ftree uadLun.

the¡c d1ffercnco¡ Ea)r bs l.n ¡o¡¡G caser rclated to dLfferenceg

1n the perueabLJ.Lty of ltrc ccJ.lg I.n p1ama and p1acaa-free

medLu¡r. llre dcta rmggcat tbãt tbc Lntribltoq¡r effeets of

azat?¡{oprLne and 6üP tn both tyl¡c¡ of ned{a vary botvccn

preparatLon¡ of normal. l¡nnphocytea.

f¡ vivo 6{P ls notabolÍzcd by tro naLn ¡rat}ruaye (Dllon,

L967r. One Lg by the d.lrcct orldatl.on of the drug to 6-

t?¡lourLc acLd,. thc otlrcr Lwolves tbe uoethylatlon of tho

sul.phur uolcty follorred by rl.ul,J.ar oxidatl.ve reactloae of tbc

nethylat ed derlvatíves e
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AztthLoprLno 1r æùaboll.¡ed Ln mn to produec 6-thiourLc

scl,d a¡ l.ta prl.nclpa1 nctabol.lto (utton, gt åL., 1961 ). lbc

urlue of ¡ntl.ent¡ alro contal¡o,¡ a ycllov uetabol{to that hae

becn ldcnt lf Lcd ar 6..¡¡6tclpto- 1-tGtbYl-4-rtltroÍnlda¡o1e

(chalrsrc, ü, Al. , L96?). tbo ãeüe coupound La forrcd. und.er

al.kall'nc condl.tiome by thc actlou of :uJ.phydr"¡rl gnoupa¡

rherc tb ¡ul-tlhur of aretbloprLm reüairrs rLlü tb purlnlr

moJ.ety (6!rP) s¡d thc attackt.-g auJ.pbydryJ. conpounda

attachcs to &e nitrro notbylinl.dezole uoLety (Brc¡alckr

L959¡ EJ.l.oa¡ g[ ¡l.r 1961¡ El'loar .g.t É., tg6Z).

lbæ 6-thLouric ¡cld and 5-Ërrcapto-1-uetbfl-4-nl.trolul"-

da.zo1e rore tertcd ån g!üæ. f,or tlrcLr offecta oa prctrln

r¡rathcd.s¡ thcy h¡¡d a yGtïr rmal-L l"nhlbJ.tory effcct coupared

wl'ttrr the l.nlrlbt tion prtducod, by 6MP and azatJrloprl,nc tc¡tod

et th,e ranê occarlon. 2-þrdrort-6llP, a hydroxy derlv¡tlve

of 6MP æd rol.stcd to tho ¡ctabolltcs of 6MP ¿n, Ilt¡.
(ftlon', Lg67 ) ¿f¿ ¡rrodnce ol.ga,lfie¡nt Lnh1bltl.on of

l¡nnpbocyto prottLn rynttrrcel¡ at btSþ coacoatratlonr 1n thc

nedluu. lbJ.c nrbctrnc. rü.ûuJ.¡ted protein ryntbrl.r et

co¡contratloaó of 6O pg/n1 Ln tho ncdir¡n. A¡rothcr ¡st¡bo].l.tc

of 6MP, 6..uctby1-Eôrrêrpto¡nrrino rlbo¡lds ua¡ aot l,4htbl,tory

oa tbo tro oecarLonc trrtod¡ dcrpLto tå¿ fact thnt 6lfP y¿¡
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ect:l,vc oa tbôts occatioa..

t)¡e data auggeet thåt 6MP ¡nd aøathloprlnc¡ Ln}l-bltcd

llmphocyts protcln eyntherLr via ne^þanL¡mg vbLclr depeaded

on ttrro strr¡eture and actlvity of thees <lnrgs and not vla

thol,r teor|r uetabolLtca ¿n g.r.g,. the activities of

d-ürercaptopurLue rlbonucLcotl,dc and 6-Esrc&Ptopurlnc rlbo¡ide

¡rgre orcoptlonal. d-Mercapto¡nrrlnc rl'bonucleotlde ¡raa

tested on.ly oEGr the actlvlty of tl¡l.s compound lr¿s- half

t}¡at of 6IvlP, but on a uolar baslc¡ the actlvitlor of thero

ùro sr¡batancec rere the sæe. ft It poasible tlrat the

rll¡ocLdc arl mrcleotl.de are brokan do*rr at th€ ceLl rall

to 6MP, rl¡tch aterc the csll aul acts to lnhlbÍt protcla

s¡rntheal.s. under plrycLologlcal coaditlonc, one rould

not cx¡¡cct ¡rasrage of tbe nucloosl.de and rrucleotide tbrough

tlre ce].]. ral.]. Lnto the cell-.

Experlnentt neported 1¡r tbl¡ cbapter suggestcd trrat

6MP tnhl,bLtcd tJrc Lncorçoration of l4C-guanl'ne Lnto nucleÍc

acid¡ azatbioprl¡re ras LnhiÞitorlf once out of tbree occaaLons

teeted. thc rc¡ulta of tbe¡e erperlnents rore YârLabl€ and

do not Juetrfy fLrrn conclu¡lottr8 r îlhe purpose of tbe¡o

etr¡dLcs wag to iuvoatlgate'tl¡Lc ¡robLen Ln a prell.mlrarXr

râ1rr ConsidcrablG dLfflculty raa crperiencod fn tht deter-
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mln'ation of thc lncorporaùlon of prGcursor. Tro of tho¡e

dl,ffLcrlltier ïGrÊ¡ (f ) to ¡rrevent tbo bydrolyrl.c of guanLne

frou m¡cl-eie acLd dt¡dng c:tractfon¡ (ff ¡ to rÊuore frou

tlre e¡tracts f roc guælne and guanLne, nucleotldo not

incor¡poratcd lnto R}dA. lbc fl.r¡t of tlreae d,l.ffl'cu1tlel

ra6 rerolved by carrying out alt axtractLon pnocodr¡rc¡ at

lloc. Îl¡e aecond rar o'vercom to ¡æe e¡tent by uarblng

tho cella ul-tb largo quæt{ti.c¡ 6f 1lA, but tbts dfffLcu1ty

uould contribr¡te to varl.atl.oa Ln thc trl.pl'l,eate deteruLnatl.oan.

6UP may lnbtbl.t gurnf.no uptalce !.nto rnrclcLc acld vl.a

J.tc nucleotlde (Uttoa, Lg67 r. Thc dfff,crr¡cc ln actlvLty

batycen 6MP ed erath*oprLno arggcrtr tbt thL¡¡ i rr'ibl"torT

nechanl.cn Ealr holp to crplal.u :tbr offcctr of &lP but not of

azathl.oprLno.

thc rorts roported Ln thLrr cbapter hac úorn thrt thc

t?r{opurlneg Lnbibtt lyuphocyto protcla r¡mtbeeLs. 1þ*¡ p3"

be øe of the rcc,be¡{anr by uhfcJr tbey exort ttreLr fr¡nctLon

¿A 5[gg, a¡ Lrmuuocupprü¡rLva ageatr. llre effect on

pnotcLu ayratlrerl.a rcu1d asrLat ia er¡rLal.ning tho ro¡ult¡

of Yi1¡on (fpe¡) rfro tùrerryad tJret euatlrlopri.uo prcvcntnd

csnsl.tLscd l¡raphoc¡Éor frm attacicing target calLe l¡¡ vitro.

It rq¡]-d el¡o b.etp to elp1a!.n tbe off,eets of 6!fP on l¡mphocytc

uigratl.on in lafl.am¡tlon¡ a'prÞc.r¡a rh,lctr Page (fgel) ¡uggpctr
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la depcndent on protcl.n r¡ratherl.a.

îIre¡o rtr¡dÍr¡ bavc rhovn that cæaraL uetabol.ito¡

of 6-ncreaptopurlnc e¡d azrthloprLac h¡d ].f.t*]-c cffoet on

l¡ruplroeytc protrl.n a¡rnthrrl"l cou¡rarcd yl,tlr thc ¡nrcnt drnr6r.

Ihq rorlr rcport¡d, aay bs er!-t!.clzed, ln th¿t tJrc

coæentratlona of tlrc t'lrlo¡rurLncr u¡sd La tbør¡c ¡tudic¡

aro.Fuclr higlrcr tb.n tbo¡o fourd ¡,n f¡¡¡g,. thÊ coæontratl.ou

of .tha dn¡gr u¡ed uer 6O pe^!f rd¡J.tc lt l.e ectJ.uatsd ttr¡at

lrl-ood 1cvck of thor dnrgr do not c¡ceed L-2 þg,/al

(ftl-oa, ¡¡!, ¡¿.. t L!6A¡ $nL1to¡ lad El.lon¡ 1954¡ SüLth, !$, lL.,

L965). Xcvortlrc1¡rl ùho co¡cmtrrtLoa of frce drng ln tbo

J.¡iuphocyte prrrpsrrtíonr rrs a.ot ¡oa¡r¡tred. lhLr ney bo

cæ¡Ld,er¡bly l.orcr th¡a thrt l'acor¡rorated Lnto tbc ucdLrn

bccau¡e of tbc o¡ldet1oa of tlro dnrgr to 6 tbl.ourl'c aeLd

(ætton, L967r. f3 v4vo thc dnrgr üalr be aecr¡uulatrd. by

l¡mplrocytet. If thtt oecurrod tlre¡ tùrc concentratl.on¡ rd.th.La

tl¡a ccllr rould bo 6noattr th¡n tb¡ btood I'evc1¡. It¡

addLtton tlrc concsntratLonr of thcrc anùl.-uetabol.l-tea l'a

tlre tyraph d at tlre rltc¡ of lnfl'¡matlorr are not horn.

Orne rt'udy h¡¡r ¡born t|råt thr prctel,n t¡ralù¡¡l.r abL].Lty

of lyu¡rlrocytcn sr¡lturcd in phrla ¡edLr¡u å& Vl$fp, foll aftor

thr d,onor brd bo¡n lntroduccd to I corrso ofaratbLoprlne.

thJ.r fel"l r¡¡ aot com¡lrtrnt vbm tbc l.¡rupboeyto. r(rc
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culÈured ln plaama-frce uedJ.u¡n. PIIA oa two occagl.ons

stinulated thc llmphocytc¡ l's¡¡ thsn expoctad rhea Lncl.uded

ln plaena-froe ucdLum.

the data¡ altbough J-ncouplete because of l.nsufffcicat

atudie¡ boforc the patLent ra¡ lutrdu ced to tlre dnrg,

cuggeat thåt the prrotein eyntJreaf.a abllJ-ty of tJre l¡rnphocyter

had been ÍupaJ.red. llrLs ïrar oasl.steatJ-y eviderrt ybcu tlre

oel1a were cultured 1n pl,asua modl'um. In ttr¡L¡ medl.um

bound and:¡ïee drug may be erpected to deprece Lyrnphocyte

proteLn c¡rnthael.r¡ a reauLt rhicl¡ ouggeats tåat thc

continuod preorace of thc drtrg uay be neoesrary for

lmpairment of Llmpbocyte fr¡nctlon. gHA stlmul-atod ttre

celLü o¡t evor:r occa¡Lon tsated, but conclus!.ons aboÛ tlro

degree of stLuulatLon are raatlng becauae of tlrc fer

tl.mca tlrts rub¡tancê rúas usôd.

A gecorld tn g¿rc ttudy of tlrc effecta of aEatbloprfne

on l¡nophocyte protcÍu oynttroar"r d¡ Ïltlg ts compoundcd, wiür

ttre sffecta of ACîE æd betancth¡sone.



L67 .

Ia tþl-e etudy lyuphocyte protoLa ayntJres{g by the cella

Ln plaama and plasn¿-frce nedLr¡n 1E atrongly depresced by

long actL g ACTII. Uhen tbc patLent uag glven sbort actLng

AClü tbe effccts of thls lroruone ï6r€ not as uarked. the

llmptrocyteg rnårkêdly rlÊcovcred th€d.r abfl,ity to syntherJ'se

protein aftcr long acting ACîU had bccn discontinued¡ but

rltb tl¡e continucd aùinlatretLon of betauetbasonê and

azetbLoprlnc the protcln cynthcsLs abl11ty of the l¡nmpb'ocytes

fell vbcn tbcy rgra cultured Ln placua Eediu6. PHA dld rrot

stLuulate ths l¡mpfrocytea 1n pleaue-free uediun througbout

tþe perfod of long aeting ÂCîlI adnLnlstratlon. the degree

of stl¡¡rrlatlon by PHA of tb oel1s ln plaarns nedLun ras leas

durl.n6 the 1on6 aetl.qt ACÍ$ adnlalctratJ.on.

Itre data auggoat tbat 1o g actlng ACIü has a marked

lrrhLbl.tory effect on the pnoteln synthesLs abJ.Lity of

l¡mpbocytcð. Îhe efìfectc of tbLs bortoncare probåbl.y

nedlatcd by lto abtflty' to ctl-nul¡te tJrg adreaal cortex to

produce corticoeterol-ds uhl.clr are poyerful antL-infJ.amatorT

agentr. ,Aa !¿ vlvo str¡dy reportod in Ch.aptec 6, choved. tåat

thc effcett of lrydroeortLsone rcrt uogt m¡'lced wlren the cells

rore cultured in plaana-free medLun. the effects of ACfiI

ucdl.ated by cortLeo¡terol-dc are ¡J.so nogt uar{<ed 1n plaoma-

fros nadl-uu l.a tlre atudy rGportGd Ln thls ehapter. lhc
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abil-ity of tlee ceJ.l¡ to res¡rond to PHA ln plac'na-free ucdfuu

ras abollslred rbll.e ln plarua ucdl-uu 1t vas deprceeed¡

tlrror¡ghout long acting rtOml adulnlatratlon.

lfhen arathJ.oprfne thcrapy vas coatinued tbe abLllty of

J.¡mphocytes to aytatlrorl.aG p¡otcln felL vh,en th'e celJ-¡ r€rs

cu1tured l.n pl.aana ncdl-rm. th.is effect rag aot evl,dcnt untll

ACIIÍ was dls contlnucd. the resuLt nevertbele¡s doeg

suggeat th.t the contfnued precence of tbe drrrg in th.e

plasma acdlum of thc strlturee l-r necesaar1r for the iupairuent

of J.¡mphogrte functLon. Thla fs Ln contrart to thc cffecte

of the cortl,eo¡tcroid¡ rùtcb qrpcar to excrt a re¡l.ö¡al-

l'rrlrl.bltory cffect on l.¡ruphocyte cel-lg.

In suumary tlrc drta reportcd ln tlris chapter suggecù

ühat &{Pr azathloprlnc and tlrloguaniae I htblt l¡ruphocyto

proteln aynthesLs 1¿ Vft¡¡o. In tyo caaes the data ouggect

that azeth{oprlne har an lnlri.bitory effect on L¡rnplrocyte

proteLn cyutherl.r ¿¡l vivp.

A number of uotabolLtes ad reJ.ated anal-ogucr (except

tro derLvatlvcc of 6lfP) dtd not af.gulfi.cantl.y l.nlrLbit l¡mpbocyte

proteLn syntbeaLs ¿p vitro. a result yhLch suggcste that thc

effect roald.ea rJ-th ttrre ttrlo¡nrrl-rlol¡ azathioprLne¡ 6-uorcapto-

purl.ne and tlrLoguaainc. the Lr¡bibl tory acttvlty of tro

derivatlves of 6{P, ó-mercaptopurLne rl.bosLde and nucleotlde
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cuggert tbat 6-ucrcaPtopurine uay bc released frou thcse

subatances at tbe cet-l uall, enter tlre cell- and tnþf-b;[t

lyuplrocytc prot ein lYnthoalt .

7.5. Sunnary

(f ) îbc tl¡iopurlncc¡ azethJ.oprlae, 6MP aad 6tGi fnhiblted

lyapbocYte Protcln a¡rathocls .

(e) îbc t'lhtbltLon by tlreco dnrga varlcd uben teeted

rftb l¡mphoeyteo frou dLfferent &nors.

(3) Azrtb,Loprl.ne rat ls lnhibLtory or moro J.nbtblt'ory

tban 6I'{P at the csue conceretratiorr (pe/tf ) it

L¡nnplrocyte culture uedlum. Azathioprine uhLcb bac

a uoLccular uelglrt tuLce that of 6MP vas nucb Eorê

effective tl¡au 6I*lP on a ¡aolar bacLa o

(+) PLasua iu the nedLun aodlfLsd t'be inl¡l.bitor:r

cffscts of t'he druga.

(¡) PHA t'n ths ncdLulo did not eLgnJ.ficant3.y alter the

Lnl¡lbttor¡r effccts of thc drugc.

(ø) uftn ths erce¡*l.orl of azathloprLne the tbtopurLnec

dld not bave a narkcd effcet on l.yuphocyto vlebl.llty

as doteruf¡cd Þy trypan blue erelu¡Lon and ce1l

eouuts. Sursaval cury€a irr tbe pnetence of ezatbl.o-

prf.ne ahored an l.ncroa¡ed tor1clty 1n tbe sscond

ha1f of tbe Lncubatlon perl.odr in ecatrast to the

otlrer d,nrger
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6-ncrcåptopurf-ne trsd a gnall but sl"gafffcaat cffect

on the LncorporatLon of 3H-.rrl-dl-ne Lnto RNA.

Azatbl.oprlnc had no cffcct. Nelthcr drlg h¡d a

¡tgntfloaat effcct on tbe lncorlporatLon Lnto

Pl|A-atluulatcd col1¡. On three occaslont, 6-uêrGapto-

lrurLno tnleibLted t.Lc l-neorlroratl,on of l4C-g"ranLnc

into nuc].el-c acLd. Azathioprine tnhLbLtcd, thc

l-acoryoratlon on onc oecaalon.

ilone of the rvall.abl.c uetabolitca erecpt 6-uercapto-

purlac rl.bældc and nuaJ.ootl,de hd a clgnl"fleaat

rffsct on l¡mpbocytc protcln a¡rnùheaL¡.

f¡ rrlvo studLcs Crovod that l¡mphocytes frþu tro

patleatc rcce1vLng arathioprlnc tbarapy had a

reduced abl.I.1ùy to Lncorporate radlosctlvc protel.n

precursor rhsa cr¡Ltured Ln uedlu¡n wJ.tb autologout

plaaua sanpl-ed at thc sane ù1uc rLtb the llmphocytcs.

the d.ata are conpleuentary to tbose reportcd Ln

Ch¿pter 6. Il¡ey sbou that dnrgc rb,l-cb, have antL-

Lnfl.amatoqf and Luauao&tpprer¡1ve activLty in th,o

body lnlrt.blt l¡nnphocyte proteLa a¡mttrrerLr 1¡1 v4tro.

Tbe rcøt¡1tc auggcat that thls uay ba one occhanl.an

by rhLc|r tho¡e dnrgs are aetive f.n tlre body. lb¡

rultablll.ùy of l:nplrocfie aunpcaaLon for dctactiag
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dnrgt ul'tb l¡ti-l'afl.anrtory ¡nd imunoruppru¡ll,yi

rotlvLty her bco dmon¡tratod Þy ohorlng th.

LaaetivLty of r¡htod rarloguæ ¡rnd uct¡boliter.
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CHAPTDR 8

STUDTES UTIE OTHER Cg,t STSITEMSæ

8.1. Intrgluctlon

ïbe rork thåt hao bcæ prþviousþdescrlbed har bccn

concGrned rl.th tho chrractorlzatá.oa of tbc proteLns c¡rntbeeLzcd

by perl.pheral ¡pe1l l.¡mph.ocytes fron tJre blood. F\¡rtber

studLco havc denongtretcd thåt lyupbocyte pre¡nratlonr uay

be used to tect the effccte of drtrgr on protef.n r¡rnth,rclr

rltb tlre purpoao of acrccnlng tJrou for activfty ar ætL-

LnfLau¡uatory and lununo-¡uppreeslvc agonts ¿B I|g9.

lbese l.nvcatlgatlonc have bcon extcnded to Lac1ude

atudlea of the protelna rnade by l¡mplr node and tbyuua coll¡

L¡¡ vl-tro æd tbo effect¡r of drugo oa proteLn ayntbeeLr by

theae cell.s. thLr uork v111 nor be descrlbed and dlacus¡ed

uith, referenee to ths dlffsranec¡ and sLui]-erltl'os batrecn

thego lyrophold ec.11t.

Thc apoctflcl-ty of th¡ dnrgr uLth rorpect to ths

c¡I.ls of thc lynph.oJ.d ryrtou h,an brcn Luvcatigated by üeating

ùhæ rl"tb buurn ad nonkcy tLdney ticruc cul.ture coll lLnsg.

of¡

the rork dcrcrdbed Ln thJ.¡ ehaptor Lncluder ltr¡dl.es
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(f ) The t¡4res of pnoteLns made by J.prplr nodc and. tb¡nnua

celle usf-rrg tt¡e techníques of LrsuunoelectnophoresLs

and. autoradlography.

(ff ¡ Thc sensl-ttvity of tlrese cells to dnrgs rrhich have

eatl-fnflarnmator¡r and lnrrunoauppressLve actlv lty

lg vlvo

(fff ) tne cpecLficl'ty of acJ-ceted d.rugs for thetr effeate

on cell.¡ of tbe lynpboJ.d sycteu. thege d.nrge 1616

tested wltb tb cel-1 J"l"nec¡ IIeLa and Hep2¡ and a

uonlcey kLdney cel.J, J.1ne Lluck2.

8. 2. MetJrgd¡ an4 .M?te¡c.als

8.2.L. PFer¡aratl',on o4 ee11 au¡nenslons

Blopsier of th.¡mua gtand r€ro obtatned. at eardlac

surgery fron patLente 9-L2* yGarr o1d. lbe tic¡ue¡ yorc

col-lectcd into stcrlLc capped Jarr coataLning medluu¡ uinced

tJrorougbly atrd. abaksn vLgorourly. Fragrnentg of the g"Land ïero

aLlowod to rettle and the cu¡rcrnatante rrero dravn off lnto

sterfle bottles. lbl"a raahing procedure ras repoated trlce

by addLng fre¡h uedLuln. îhe th¡mua cel"ls ïere vadred tvice

with rlgd.ts bala¡¡ced sal.t aolutLon (nnss) an¿ rcrc fl-nally

ouopendcd Ln culture uedluu (oupplcrented Esg!6 t s ucdJ-um

prepared rLtJrout lcucfae).
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Lyrplr nodo¡ ïGre col,lccted¡ at abdonin.l gt¡rgctlrr Lnto

stcrllc $arr contal¡,1n6 radluu. Ilr the Jarl the nodet IGrG

ulrlccd rith. ¡cL¡¡or¡ and thc frragucntø and ccll" tuÐpoatioa

r6rc fll.torcd tùror¡gb ¡torll.c ßturo 1nto ¡uall aterlto ft¿sk8.

tho rulpa[.iont uGro tranlf€rr.d lnto eterÍle capped bottles

a¡rd Uerc u¡thcd tyLeo rltb üBSS, bafore ftnå|" culpenalon

l'n clrl.ture usdLr¡n (rupplonentsd E¡glc I g uedLuur PncParêd

ul.thout leuolnc).

tbo calt- ll'nc¡ Hop2 s¡l nâL. câ]-].t d a nonkoy kidaey

ecll 3.1ao¡ L1¡¡ck2 rcrG pnÊper.d end obtainod frgu llr. Brian

llooro of tbc InrtltutG of lfodLea]. end YetcrC'nary Scl-onccr

âd,elrtdc. Íbr cell¡ rcrc rupplled at r¡tn81G ce].L tutpcntioat

in Eagl-st ¡ mcdiun rupplorentâd uLth 25fi taatal e¡lf ôGrttrr

lbo cellt ror€ rarbed oncQ rt ti¡ mSS and rcr¡uapcaded La

cupplæc¡ted sa€ller s uodlur pntparcd rd.ttrrout l-eucl'ne.

ths ceJ-l. rurpcnalou frou th¡ruul glaadr llmpb nodc¡

and varLoua ccl"l ll.ncr¡ TGtlc prcperod aaeptl.cally at roor¡

teuperattlfiÊ r

8.2. 2. 9¡ff--e¡¿Lt¡¿¡C.

Cclls uGrG, culturcd ln thc uanncr de¡crlbed in Ch,aptçr. 2.

l40-L".rolao r¡¡ lnc1uded l.a t'bc ¡çd{ r¡n at concentratlons of

O.25 - J.0 ltcføL. Ît¡o ctrltun ned.lurn¡ rhLch uar u¡cd for all.
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tbe rtudloe deccrlbed l"n thls etraptor¡ Tas supplemented

Eagler¡ scdluut p¡rêparcd ritlrout leuclne. Îb,e uedlum dld

not contain autologouo Pl-aama.

lhe culturcs usre ternínated after 24 hourcr incubation

and the Lncorporation of procurtor uas detertlned by

precipitatlon rt.th 5# f'cl. Cel-L vlabl.lity was estimated

by exclueLon of tr¡rpan blue and counting. these methodg have

been prcvioucLy deocrll¡ed la Ch.apter 2.

lhe dnrgc azathloprinc, 6-uercaptopurl-ae, oxyptrenbutazorre¡

ptrørylhrtazonc æd lrydrocortl¡one rGrG added to thê culture

¡nediun at a rang:o of eonccntratlons. (tr'or detal.L¡ of the

drugo see Clmpter 6. )

the incorporatl.oa of radioactive procuraor in'to protel"n

uaa oxanined quall-tatfvely by the technignss of luuurro-

eJ.ectroph,oresl.s and autoradl.ograPhl. llhe¡E technigues hsve

been descrlbed l"n detal.l in Chaptcr 3.

8.3. Re ¡ults

8.3.L. &rug.g$.Ê.g,

Sme¡ra of ttrryuus cell pre¡rarations uêre prepared snd

Etal,aed rLth LoL¡hman ataLn. 75 Percent of tbe ccl1s Ln the

anears rsre ldc¡rtlfl.ed aa ¡naLl l-¡mpbocytes rhiLe 43 percent

ïef,e erytlrrocytec arrd tho remaLnder vere not claaslfLed.

tho viab1lfty of the ccLI- euapenslonr at tt¡e couueacment
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of Llncubation uac g8-99fi. .A.fter Lncubatloa for 2tr hours 1n

plasma-free medj.um 5C)* ot tb ce1le were judged vlable by

tþe crltorla of trypan blue excl-uclon and cell countlng.

Autoradlographs (¿n) prepared after lumu¡,oel-ectro-

phorecLs (fnp) of th¡muc glæd cel-l ctrLture ouperuatant¡

are sborn l-n Flg. 8.1. I€Êr IgA æd Ig$ ysss not l"abel-Led

except irr ons pattcrrrrrhere pert o f ths IgG arc rao veakly

labellcd. Iflten PIIÂ ra¡ lncLr¡ded in tJre culturc ucdl.uu tJ¡e

prrductlon of 16Ê, Igá, ard IgM raa stlmulated (F.rg. 8.1).

The drtrgs $-merceptopurLne (Oep), ox¡4lbeab'tasone (1.¿f ) t

ptrenyltnrtazons (AT5) and cortl.coae (COn) f¡nftfted th¡mua

cell protein t¡rntheel.e (ffg. 8.2). The inbLbLtory effocts

of ttrc drugc varisd whon tc¡ted rl-th tb¡rmua cel,Lc frou tlrree

donor¡. PHA aLraya ¡ttnul-ated tho lncor¡roratlon of pncursor

t.rnto pnotcf.n (ratre 8.1).

8.J.2. Lrrut¡h nodQ-ccll-oreoar;]atl.ong

Socer¡ of l:mplr noda prûparatl.ons r€re pre¡rared and

staLncd wltb Lcishman ¡tain. 68 Pcrco¡t of tba cells 1n ttre

suôap rere euall. Lyropbocyter¡ 6 pcreent rore erytlrrocytee md

tbe rcr¡atnlng cel-lr vere not cJ.aa¡lfled.

ïI¡e vlabf.llty of tlre ccl1 auo¡rcnaLona at tlra co¡nuêrGê-

uent of culture uaG gg-LOA* ar deteml-ned by try¡lan blue
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PEA-rtl.mulat ed thr¡uocwts g

Îb¡ruua cul.turos r6re pneparcd as d,escrlbed i.n

the uethodt. tlre culturot eontal.¡¡cd 3.8 x 1O6 ce1la

(totat r¡ite cel1 count) aø 2.J ¡tc or l4c-reucLnê.

Patùera A ls an IEP patter^a of normal plasma

developed vltXr rhole human antl'¡ellrno '
Pattern¡ BrCrDrD ad S are autoradLographs of

IEP patternc prìÊparod frou urratùnulat ed tb¡ruus celL

cultures ad developed rlth úol'e hu¡raa antl-sen¡m.

In petterûl¡¡ Dr Cr D and E ao labollfug of the 1¡muno-

g.Lobulins f"r evldent¡ proteLna Ln tbe a, and ß g1obul.Ln

regLonr arc J.abell'ed. In paÙten' E the c "ñP 
gJ.obul.La

arcs aro laboJ.l'ed but parú of the IgG are l'e also
1abe1led.

Pattsrnr G and H a¡s ISP pettcrna prepared frm
PlïA-gti¡¡ul.ated thyuur cell cr¡ltn¡rcs. Patteruc D

and G retrê prôpared frou cr,rlturc flulds from ths aane

gLand. Sl-rn1larly ¡rattertc F an¿ H rere pncpared from

thynæyte cuLturp fl-ufdc from t¡hc tane gland. Iu
patterrr G t'l¡a IgG arc 1r ueakly labeLl.ed brrt l-abel.lång

of thc otb,er lnmunogloln¡l.l-na L¡r not enLdent. Ïn
patterm. II ths J.muaogLobulins lgÂr IgM æd ÏgG are

Labe].led.
Ia a.I.l- the autoradiograpb patte¡ns åtr amount

of J.abell.ed'materl.al. l-e proeent anund tt¡e orl.gl.n

arrd tor¡ard¡ the anodo of ttrro IEP pattêrncr lbe
intenclty of label.l.Lng of thla materLal was lncreased

rhen PIIA uan l.ncludod tn ttrre uGdlun.
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F1g.8.2. 'lT.^ -^1 
a{.{aaala{* af nr¡t^{s õril+hÀ-¡a *.a

conc€trrtratLon of dn¡€s l-n the cultr¡re

uodiuu of ,tlrr¡aocvtea

lhlmocytoa vere pr€parod and sul-tured as

d.eecrlbad Ln tlre metbods. l4C-L"rr"L¡re was lncLuded

1n ttre medl.um at s concentratl.on of O.ZJ yte/wL.

the culturor co¡rtalnsd 6.3 x ro6 cells,/m1 (totur

wlrite ceJ.l count ).

the dnrge:

gm - CortLcone

6¡tP - 6-MercaPtopurlne

MA - AzathLoprLno

Bl¡T - ÐreE1Yltnrtazone

1A!{ - Ox¡¡pbenbr¡tazms

ysre lnel-uded l.n tlre mcdLuür at a range of concentra-

tlona ¡h.orm J.n tJre ff-gure.

Îlre incoqporatl.on of l&C-l..r"l.rr* lnto proteln

has been exprsrted ac¡

(i) percent actLvlty¡ ïûrl-ch ia d,efJ.nsd aa

Countc per rainute in culture ylth dnrg
Countg per ulnuts in controJ. culturs

(ir) CPlf ¡6p¡ereuts tlrc actual eornta per uinuts

ueasured undcr the erperC-mental cond{ tions.

Loox
1
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Tabl"c 8.1. lh¡ rffrc,.ti-of-drrr¡l on p¡ìFnì¡fPtLqu¡

of- fFrçg¡er*tr -ffiq. *tf fetrnFf., df4g¡tl

fhyroefi¡r r.rc Fûlp.rcd rûd oulù¡¡r.d åt

dercrlÞcd tr¡ thr t{atbodr¡ l&C-t..rota. yat l'nslr¡dlrd

Ln tår uodf.r¡n rt ¡ cæCIdntiou of O,3t ¡ro/nl.

Th* anrgrt

8A¡ - Ð¡mylh¡tr¡sno

ÎÂf - Oxypbrnhrtrtæ.

ul,,L - l¡rtl¡l"sprl.n

6.{P * é-Xrre¡ptopur{ar

GOR - CortLrorr.r

r.r.'Ê læfudad Ln tl¡o lrdlrr rt fù. ooucæ,trrtLæt

¡bor¡ 1a t'br trÞlr.
14th; f.wr¡lorrtlon of C-l¡¡ctan ban bcm

rlprr.r.d er pæcst rcttvtty. PHA rtl.sr¡I.rtrü

&. lrsor¡rorrtloa of, prrrcrror bf tbll cell.¡ or.ù

tfD! lt rar trrtcd,.



tlñ,D Erl'

Drroqt 
^Gûf'ti.ty

Dnry t¡¡&r ttrr ü& rrr rE¡. êr" 0m
1.O

Sæt. I f 61 51 88 76 yr rr

Dryt. II 3lr1 \9 19 47 5r 72

erÉ. LfI t81 8¡ 72 74 3z 70
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excLuol-o¡o. .Àfter Lncubatlon for 24 hours i.a plaama-free

urediuu 56fi af tlne ce118 Yere Judged vlablc.

Aut o radl.ographs prre parod aft er Lnmunoele c trophoreaLe

of l-¡mrph ¡odc cul"ture fluids a¡¡a ehourr in Flg. 8.3. Â11 the

Lunnuroglobullns rcre dietLnctly labelled together vlth

proteln¡ l'a tbc c "ú P globulJ.n re6iona of the IEP patternc¡

PIIA did not stLuulate the production of nerr pnoteins as

d.etcruLaed by the e¡æinatlon of ttre autoradiographa of IDP

patterar prcparcd f¡ou PIIA-stinuLated cultures (frg. 8.3).

In thoee ¡ntterns tb label1Lng of all tbc pnotela arcs uaa

Lncrca¡ed u Judged by vLaual obacrvation.

Cortisoncr oxy¡rhcnbutazoner pbeaylbutasonc¡ azatb.Loprlnc

arld 6-ncrcaptopurlne lnbtbLted I¡mph llode protcLa cyathecls

(ffg. 8.4). îhc l.¡rhlbitory cffects of tha drugc var{ed rben

teeted yl.tlr lppl¡ node csl.lc frou d1fferrent d,onor¡ (faUfe 8.2).

8.3.3. T{ ¡lrr¡ olr 1 *rrr'¡ a¡l l I { rl¡ ¡

No cel.l r[earô of t]¡o fLnsl cuapenalons uere prGf]arcd.

lbc vl.ablll.tl-e¡ of tbe ecll euapensf.ons at the couuerlcêuent

a¡¡d te¡rnL*retlon of thc lncubaü.oa. rÊre not uea¡ured. IIre

cells r€re knorr to contaÍn a straLn of myooplagua organlsust

uhtc|r bad ¡lot beon Leolatad or ldentl.fled.

Tbs effects of 6-Beroaptopurlne æd azatJ¡ioprine on



Fig. 8.3. Autoradl-osrapþs of IEP oatterras oreoaqed

Sfg¡tr culture fLuids of unstl"u¡¡Lated

qnÁ FllÅ-¡ù{mrrl qtarl lvrnnln nnrl¿ r.al 1¡

Lyuph nodê cell. cuLturea yere prepared as

descrl,bed 1n tbe metlrods. lbe cu].tures contal¡ed

56 x to6 cel.]-s (totaf wh.lte ce].]. count) ana 2.J ¡tc

or l&c-teucine ard. vere prepared from the same

node. Patte¡m. A ig an IEP pattem of normal

pl'aûua developed uf-th whole ltuman antiseruuû.

Patterrra B and C are autoradl.ograpl.s of IEP

patterna devel-oped uith vhole huusr serurn. Pattenr

B was pr'epared from an unatluulated culture. Patterm

C was prapared from a cu1ture stLululated wlth PHA.

In bottr B and C IgA, IgM a¡rd IgG are unlforrly

ad dJ-stl.nct1.y l.abelled. ProteLa arcs Ln the a, aú. p

gl-obull.n reglon of the IDP patterna are al-so Labelled.

Ïn botlr patte¡rrs 1abeLled uaterfal Ls depoel-ted dlffuseJ-y

about tl:e orI-gin and torards tJre anode.

PIIA increased the l.ntensity of J.abel-I'l.ng of

all. arcs a¡rd tbe fuetensity of label-I.Lng of the

uater{al aro¡rd the orlgLn.





FLg. 8.&. lþe rclrtLonlþl'lc of o''otoL--prnllbúrt'le.to

¡¡.^a¡.}*oÒ{as af á*ror {n *lho ¡rrl*rr¡¡

nqfu,r¡r, of, lrnob, nqÉg ce].lr

the dnrgt verc to¡tcd rl.tt¡r ono prqparati'on of

l:nph lodo ccl,l'r prìôIlarod and aulturGd as dsscrlbcd

la tjhc Ëitlrodt. l&C-trouclac ra. lael.udod l.¡r the

medlum at a eonceûtratl-ol¡ of O.25 |l,c/wf.. ll¡e

êul.turer eontaln¡d 1.3 ¡ to6 collt (totaf vhj.tc

cc].I. cou¡rt ).

Tìc dngrr

COR * CortL¡oac

6IglF - 6-1.{¿rcaptopurire

AZL - år¡tÞLoprÌfÐ

BUf - Phæylhrtasme

TAll t Ox!æl¡æh¡tarona

r€rrÞ l'ncl.udcd 1n thc modir¡n at a r¡¡ngÞ of, concontra-

tl.on¡ ahova 1a ttro fl.gure.

lb'e 1Êcorporatlo¡ of 14c-1".r"Lno hag been

e¡prcrred a¡ percart aetivLty ¡ud eor¡nts pcr u1rrutc

(cpu).
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Tabla 8.2. $g gffectg'of dtggtl, on orePq;raÊLgns

...L].vueh nodg ceLl-s fron 4l.ffgJront

donorg

L¡r¡¡ph nod'e ceJ.l.¡ rore prroperad and cuLtured

as d,ercrlbod lr tJro uothodr. l40-I.aucl"ne ras

incl.uded l.n tbe ucdLr¡rn at a conce¡tratlon of

a.25 ¡.rc/nl.

Íhe drtrgc:

BfrZ - Phenylh¡tazouo

TAll - OrY1¡hs¡butagont

AZL - å.zatl¡ioprlnc

6MP - 6-Mercepto¡næ1æ

COR - Cortl-¡one

rore 1nc1uded Ln tbe ¡ned,l.r¡m at th,e corrcemtratlonr

ahorn l.n ths Îabl.e.

îho Lncoqporatlon of 14c-1".r*1ac h¡a bsen

exprealed ao ¡rerccnt ¡cttvlty. PHA ¡tLuutated

tbç Lacorlror¡tlor* of llrccuraor by the ceJ.I.o.
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proteJ.n cynthesLs are sboua J-n Fig. 8.5. Ihe dngs ïerô

tegted orl two oceasioas vittr thc thee cel]--eu1.ture l-Ln'gs.

f-MereaptopurLna ¡¡aa uro¡ê inhibltory tl¡an azathtoprl,ne on

the a¡ntþesie of protein by Hepz, HeLa s¡r¿ Lllmck2 cell¡.

Azath,l-oprLne dld not slgnlfieaatly tnhlbl-t protein

s¡rnttrcals by IIeLa cella. Cortlsone dLd not l.nlrtbÍt pnoteln

syntheaia by the thrse cell ll¡os whcn lt vaa lncluded Ln

tbe culture uedium at coacentratLone up to 10 pg/nl. ft1¡

drrrg waa testad on trro occaslons vLüh the three celL llnee.

PIÍA did not stl.mulate protef.a synt'heglc by IIepZ ce1le¡

vhen 1t waa i"ncluded. la the uedLu¡n.

8.& . Ðl scusgloa

Cells frou the l¡mpb nodð udo ühc f¡muaogl-obulinc

IgG, Iglf .'r¿ IgAr ùogct'her rrlt'h a aunbcr of¡lrnotctlrt ln t¡ra

a, ar'd p globuJ-J"n rnegionr of IEP patterna" tha protein

produete rGre sLuL1ar to thoae of cultures of per:LpbsraL

Llmphocytcr. PIIA dld not ¡tl-uulate lyøph node cell¡ to

ualce new proteintr h¡t incncaaed &c labalJ-t-ag of al]-

p¡¡oteLnËr rbLclr ïGrG fot¡nd 1¡ tbs autoradlographLe patterna

of unatluulated cells.

Ilnctinulated tb¡mus gland c611 culturee ud,e a range

of proteLne preaerrt l-n ttrre c "* p glohll.ln regl.onr of tlre

fSP pattoraË. Only Ln one ¡nttcrn rar part of tbe IgG arc



Fig.8.5. Tha ¡ff¡a*c af r{nrrøo Lu ttrre uedï.r¡¡n at

åncrea¡J.ne @,nc€lr|t¡qatlonr on oætû.[n

srE¡Fb,ccl.¡ bw-IIeLa. -Hene-and l,lgock2

eel1r

tlre cel1r reÍìe p¡ìBparod and eu1tured as det-

crlbêd in thc æthods. Îb,e culturcr coatal-ned O.3 -

o.5 x to6 ca1ls ad o.25 ¡rcd 14c-l".r"Lne.

llee dnrgs 6-mercaptopurfne and azatluloprLne

rere Lncl.ud.ed. Ln the cu1ture ued,Lun of IIeLar }fupz

"a¿ 
Llmck2 cel].c at tlrc concentratlons shorn in

the flgure.

O repreõeata trLpl.icste
I d.eterul.natlons uad.e rLtl¡ azathJ.oprlne

on trro df.ffereut occasj.ons yl.üh the

cel.l f'l.ac¡.

O rslreront; tripl.J.cate

0 detsui.uatl.on¡ -ade rl.tJr 6,,nercapto-

purLncon tro dl.fforcnt occa'aLoür 11ü

th,e ceI.I' li.noe.

the lncorporatLon of 14C-1".."1.o,e ha¡ becq er¡rreeaed

ae percmt actlvity.
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ueakly J.abellcd. PHA stimulatcd the synthesia of the Lmuno-

globullns, wb¡¡ 1t wae included l.n the uediuu. Thie substance

also stinulated an increaae 1n the labellLng of ths s al¡rà 
13

gJ-obulfn arcE.

In IEP patternr prcparcd fron culture fluidr of tlrlmua

and l.ynpb nodc cel.lr¡ dlffi¡¡c Labclled uaterial uae alrays

detacted around the orl6dn ad touards tJre anode. Ihc

preaeræ€ of thLa materlal- Ln the¡e patterns va¡ sJ,uil.ar

to that obgcnred tn IEP pattcrrnt propared froru pcripberal

I-¡mph.ocyte cul-ture flul-d¡ .

îhe dlfferancGr aad sl.uilarLtfcs of th¡nnua, J.:npU node

and peripberal- guall llmphocytc prcteia pnoducts uay be

dlEcus¡ed, wJ.th refersnce to tbe preaent lcnorrledge of the

functLon of thcae glandr a¡d cella 1n ttrre body.

Sevcral obsenratlons crrygest thaù cells of the l¡ruphold

eystem are eorËtantLy Ln flur ¡l'thttr ths body. Îb¡mus

cells Ln ttre rat and uouc6 havc becn ahostr to be sblc to

colonÍze lyuph tissue (EVerctt, .Ê3 åL., 196¿lr leLssuan , Lg67).

cell¡ are able to lesvc tås lù¡ruur and lodge Ln lyuph tl-esuc

of the body ubl.J'e cellc fæu tbo b1oodr aplcen, aad, Lyuplr

nodee are able to cntor tbt¡ gland (¡ferr*a, g.ü,3Å,., L964i

Gal-ton1 SiE .gL. , Lg64¡ Galton md, Rco d,, Lg6). LSmpbocytc

recirculatLon frou tbe blood to thc l¡nnph has boen dcuonstrated
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Ln a number of apecLea lncludl-ng uan (g'or^n" , Lg59; Gouanc

and KnJ.glrt, L964¡ Caffreyr 9å gL. , L962; trVerettr 9.t 3L.,

Lg6t+; Cronkite¡ g.ü. åL. , Lg64¡ lIall and Morrl.gr Lg64; Pcrry,

e$. s¿.. , L967).

The turnovor of cel"ls l.c rapid ln the th¡nnua and

bone narroy 1n co¡trast to the slor tumover of perlpheraL

l¡mplrocytes (Crad.dock, t965i Ford and Mfckleu¡ 1963).

Marror ce1l¡ 1n contract to thorael.c duct l¡mph,ocytec are

able to col-onLze tbe th¡mus (rord and Mtcklera¡ Lg63; Aaderson

¿¡fl lfhttel-av¡ L96O ).

lbe th.¡muc diffcra frour other l.ynpboLd' tLasue

slgnifLcantly l.n funct1on. It hae bee¡¡. shovn by ceveral

uorkers that nconatal th:mactouy l-a dj-fferent epecl.ea atopa

tlre aormal. groutb æ.d maturation of tbe spleen æd lyuph

nodes (U¿tter, t962i Goodr gå g!,. , L962; Sherruen and Daøeshek,

L963; Haksmarr r g.ü. g!.. , Lg62) .

ObaervatLonc poLnt to the f\¡rrdamentaJ. dissluilarLty

betrreen cells of the tJr¡mug and othor llmphold tis¡ue. Itû

td-rde tJrc developnent of ttrre lynphoLd tissue l.s dapendent

on tuo organar the thynua a¡¡d the bursa of Fabr{crlEo Man hae

a tlr¡rnuc, but no organ equival-ent to ttrre bursa bas beon

detectedr altbouê thß paLatl-ne tonsí1 ?raa beon cuspccted of

this functÍon (Pcter"ou, g.t, Al. , Lg65), Those organã are
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tbougtrt to be nocessary for thø ¡¡aturatlon and develo¡ruent

of tJ¡e Lmmuae aystem.

tho di-fforoncsa ob¡errred iu th,e nature of the proteins

¡nade by tlre thyuruc, l-¡raph. node cells and. perf.pheral- Lyupho-

cytee agree vttb reporta uade by aeveraL workers. th:mo-

cytea bave bcea gborn to be lnferlor to peripheral l¡rnnph.oqrtea

ia ttroir abLll-ty to ryn&egl.gs IgGr to transfer pacalve

sensitizatlon and to induce graft versus bost reactlone

(lnoruecke and. colrcn, L964¡ Metcalfr L964; Bil-linghæ and

Si]-verer Lg6t+; ül-ller , L965). lbe thyuus ia tJre anl.ual has

been found r¡ot to react to repeated injectLons of egg albumJ-nt

wlrereaa the lyuphoJ.d tlsaue Ln generaL by¡rertrophiea

(Wíseuan, 1931 ). this uay be correLated wJ.th tbe fact that

anülbody bas not been found l.u tbe tJr¡nnua of h¡4rer-J.uøune

animalg (Bjlrnetlt, .ei gL. , L947; Harrl.a, Êå 3L., 19r+8¡

Fagraeus, 19t*8¡ Íborbscke and Keunlngr t956i Askonas and

Uhl-ter L956).

Morbray (tg63arU) fras reported that a blood protein,

c2-glyeoprotel-4, Lnl¡ibl.ted Lmunogl-obulin productJ.on rihe¡n

present 1n bl.gb concentratLon¡ tg vivo. It h.as been auggeeted

thåt thf.e proteLnr rbl.cå 1s ¡rreacnt ln the thlmua in higþ

conceu.tratlonsr mây act ag a hou¡eo¡tatic control of Lm¡nuae

function (P"t"r"oo, !t. å1., Lg65). 11hls eubstance nay not
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have been romoved during tJre uaahlng procednre so tbåt L+

reuaLned rl,th ttrc th¡rmoqftes to depress J-maunogJ'obulin

synthecLl d.urdng incubatf.oar,

the regulte of Vaa Furtb (rp6t) are at variance vltb

those rcported J.n tJrio cbapter. Ha isolated neuJ.y

s¡natJeesised IgG and Igâ' but not ÏgM frorn ct¡lturea of

th¡mocytes. Oval.bumin ïaB lncJ.uded Ía tbe culturo uediuu¡

but he stated thåt this subatance wls not antlgenic. In

the experlments re¡rorted in thls chapter th¡roue cell-s yere

cultured ln plasrna-free medlum. Tbe labeJ-l"Lrg of tJre

lunounogtobull.a Èrct ras detected tn IEP pattenra d.evel-oped,

rrl.th shoLe antigertrm. Îìhe;e ares rrere not funreetlgated

wtth apecl-fl.e antl¡era. Thß lnvesùLgation of the iu¡uurilo-

globulin arca r{t}r specJfic antLeera would asslet l.n poeitive

Ldentifl-cation of these arca Ln ÏDP ¡ratterns.

PHA stiuulated tho tb¡ruua to produce IgG. .Antigen

lntroduced dlrectly lnto thc ttrr¡ruua ie able to atluuLate

tlre th¡nuus eel1s to nake anùLbod¡' (Stonor and llal-c, L955),

d.eveJ.o¡r into pl"ama eells (Marcfafl- and. I{bLte, Lg6L) and

reJect heterologpus csllc (Vaa-Eekkum and Vos, Lg57).

Some dLffareneoa eåy bc er¡rected betreen ttrs quantlty

of Luuunoglobulinc r¡ratherl.sed by ¡rarlpheral- l¡rrnphocytes and

l-:ruph node cell¡. tho lyrnplr nodea and cpJ-eon are tlae princl.pal
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antf.body producing orgsns Ln ttre body and eontal-n tl¡e flxed

coll-e rrb,ich aro responaibl.e for tJ¡e inittatl-on of the

secondary recponso (tuccre6nr md. Gosane , Lg63). SiruLlarLty

betweon the typea of proteinc nade by ].:¡ropb. node celle

and perlpheral- L¡mphocytes tas obcerved¡ but no quantltative

ueaaureaeatr 1¡'e¡1B nl¡¡ds. th€ IgM arc l.n tlre IEP patterns

ras atrongly label-led ln contratt to tha l"abellLng of

thi-a arc by culture fJ.uLdg fron pertpberaL Llmpboeytea

(c,trapter ll ).

PIIÁ. stLnulated colls of the th¡nruc and 1¡mph node

to produce lncreaaed amouats of proteln. Îb,e dagree of

sùimulatLon ras sl.pLl.ar to that obsarved 1o eu].tures of

periphera1 LyrphocyteE. The reopo¡¡ãe to PIIA rae not

observed 1n cel1g of tbe culture Hep2.

the dnrgc oxyphenbutazone, phcnyltrrtazoner azattrLoprine¡

6-mercaptopurlne ard cortigone t-nhlbLted protefn syatlresl-s

to varSrLng cxtentc¡ vl¡on they uêre teeted rith cul-tureg of

l:æph node and tbyuue call¡. the degree of l.nlribltion

pnoduced by tbeso drrrga uas glnilar to that obeervsd r¿hen

tbey r€re tocted vLt"h culùurss of perlphsral- l.¡mphocytei.

The co[ruou actl.on of lf¡ese dnrgc on these cell¡ euphasl-zer

thê alaLlarlty of tJro metabolisu of tlre ceLls of the lyupbotl

system. Theee obcernratl,ons a].r¡o aupport the h¡4rothe¡La tJ¡at
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th.ese drrrga aro actlng in part via depregslon of protefn

synthesl-s by lynphold eell_s

cortLgone dl.d not Lntrlbit proteLn a¡zntheafr by the

three cell- 1Lneg II¿p!, IIeLa aad Llack2¡ at concentratfons

up to 1O Vg/nL l.¡c tbe eultur¡c ued,iun. 6Mp rras con¡istsntJ-y

Eore lnlribttory trran azathloprlne rhon teated wlth the cell
ll-nes Hep2 and Lla6ck2. 6tfP **" inblbitory on one occasfon

uhen tcsted rlth cultures of tcl,a cel"ls, br¡t on üre otJrer

occasLoa hâd ll"ttLc effect. Aaath,Loprlns did, not olgaiffcantly
inhibLt proteLn eynthecl.s by llcl.a ce1ls.

Írrece data suggeat dlffersnccs in the uetabolicu of
these ceLlc from l¡mplroLd celr¡. Al_tho'gh dLfferencec ir

¡remeabLlrÐ betweæ tl.csue cul-ture cells ad. L¡mphoid celLa

to th.e dmgar rrourd contrrbute si€nJ.fr.cautry to d.r.ffcrcnces

1n the actLon of the d,n¡ts on tbese celLs.

8.5. Suune¡n¡

rn this elrapter lnv*stlgatloo,, have been reported, rdrich,

shor that:

(r) l¡rnpu aodc eoll¡ made arl ttre imrrunogrobrlina and

{r aad P e.loh¡lLne l¿g vltqg. produstLon of nev

protel.ac cor.¡ld not be deteeted Ln plïA_gtfnulated

llmph node culturee.
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(z) ff.¡mua cel.J.s cultured ¿e Ë!¡g. l.a plaarna-frce

oediuu, sad.e c erßd P g.LohrJ.lna. IgG 1&eL1Lng

raa detectcd {n one cultura. PIIA stl-Eulatsd tbe

produc ùl.on of Lnnuno6Lohrl.J.nl.

(f ) ît. dnrgu phenyllrrtazoae, oxy¡rb.orrbutazone¡ cortLaor€¡

6-uercaptopurína and asathl-oprLne {rnrrJþlt6d both

tb¡mua and l¡mph node ceL1 proteln s¡ætbeala to

varlylng ertentr. tho degree of fnhibit1on ras

¡lu1lar to tbat rhon tJrsto drrrgs rere {ncluded l-n

cul-turee of perl.phcral l¡ruphocytes. PHA ctLululated

tbe collg f6 rnrks lncrcared anouats of proteln.

(l) Cortison,e h¡d no cffecù on the proteln r¡mth,esis

by EcLa, Ecp2 o¡rd LIøck2 tl.ssue culturc col1 Llnçs.

61,{P uar monÊ effectl.vo than azathloprLne in

l.nhlbLtf.ng proteln ryntbecls by a1J- th,ree cel1

l.Lnoc. Aralhl.oprlne bad no aígnf.ficant cffcct on

thß r¡mtherls by EaLa colls and. hnd ll'ttle tnhib!-tory

affset on the a¡rntheaLr by the oùher ùuo tl.csue

cul-turc eel-la. PHA dl.d not stiuulate thc productLon

of nev proteLns.
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gHAI{rEn s

-

RECAPIîTIT"A?TONS .AI{D CONCLUSI O}IS

the uork ds¡crLbed Ln thlc thogis may be dlvl.ded

lnto tbree ¡nrtcr

(f ) quantltatlve studlo¡ of l¡mpbocyte proteLn c¡rnthcalc¡

(Z) qualf.tatlve sùudl.es of l¡rnphocyte prdtetn a¡ruthecLr;

(:) tbÊ effects of antl.-infla¡nmtory and Lmunosupprecrlve

agcate on l¡ruplroúyt€ proteJ.n c¡rnthesJ.s.

this dltcu¡¡dou, rl11 fol-lor thls schoue.

9.f. . Qua$tJ.tatíva rtr¡dle r

L¡rmpbocyte autpensLona ueirG prepared by cotton yool

fLltratLon of blood¡ e uetbod adapted frou technlque¡ uaed

by otber uorkcrr (ffcUtefiul¡ 195Ot Cooper anrd Rubln, Lg65).

Leukocyte¡ adhered to tlre fibres and rere hsld back vhlle

the lyupboeytec flltered thnough¡ but the erytbrocytes moryed

vlth tJre L¡mptrocytes and rere coLlected uith thl¡ fractlon.

the uaJority of tlre pl-atelatg ïerG also eluted, ul.th tJrle

factlon ¡rh.lle rouo rare caugbt ln the cotton fl.bra¡. Both,

tlre plateletc an,d pLaarna protcLnc rere reuowed fron the fLnal

l¡rmplrocyte ¡uap€a¡l-oas by rarbiry ths¡n rLtb bala¡¡ced aalt

solutlons, but the erythrocytcs rêre not. 99f, of the yhLto

cel].s l.n tlra fLnal cucpcncl.ou,a rcrê lyuphocytea, büt eryth.ro-
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eytes rere preacnt in numbers 5 to 10 tJ"nee tbe lymphocyte

count.

the proteino produced by J.¡¡upbocytes yere studLed

quantl.tatlvely at varLous tiæs &ring incubatl-on for Z2

hours 1n plasma and plasma-freo medLuu. QuantLtatlve studJ.es

of lynrpbocyte RIiIA synthesJ-s in plasua-frse ued{um rere al-so

reported. varloug subctancea rene tested for their abl.lity

to stiu¡ulate or Lrrhl.bit protein aad RNA eyntheees.

PuromycLn coupleteLy Luhíbited l-¡rnphocyte proteln

synthesl-s at concentratLons of \O ¡¡g/wl in the uediuu.

CeLls kflLed bofore LueubatLon did not ineorlrorate radl.osctive

pnecursor Lnto prutein. These regults slrow that tho

íncorporatLon of radioactlve preeurgor rbpresenta syntheels

an'd that thl-s oyatheeis le protein ayntbesis (ratuanc , Lg6U).

Furth.eruorê¡ tJre greater part of thLs eynttreais rÍìa Lnh{bited

by actJ.nouycln D. A smaLl fraetÍon vas not inhibited and

appeared to be dependent on l.ong 1lved m¡RNA.

ProteLa ¡¡¡ntlresis contlnued for 24 hor.ra Ln pLaøua

medLuun and L2 houre in plasrna-free ¡¡edlun. the pnoteina

s¡atlresLsed by l¡mphocytes eould bc div:id.ed. into three

fraetions:
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(r)
(z)

Protein released Lnto tl¡e medium durl-ng incubatlon;

Protein not released ùrto ttre medíum but released by

freezíng and thawing ttre ceIls;
Protein bound to tl.e cell debris.(:)

In plasma-free medium newly synttresised protein was

released earller into ttre medium by lymptroc¡¡tes ttran wl¡en

tl.ey were cul-tured in pl-asma medlum. -4. protein-free
environment may be expected to be unfavourable to

l-ymptrocytes btrt studies of cell survlval showed ttrat
6-git" of ttre ce1ls were dead J.n plasua-free medLum and

L-3f" Ìdere dead in plasrna-medium after incubatÍon for
2l¡ trours. the urorptrolory of ttre c'ells su:rr¡iving in
plasua-free medíum at this time euggested, that tJre

majority were metabolically actlve and tl.e uptake of
ã.JH-leucine by 5O$ of the celLs confírsed ttrís.

the radioactivity associated wittr tl¡eceLL debris
fraction of plasma cul-tures ras greater than ttrat
associated. wittr thls fractl-on of p]-asma-free cu].türegr

lbe total amount of proteLn s¡rntleeslsed was greater in
p1asma cultures wL¡ere the specl-fic activity of the 14C-

I-eucine was lees tÌ¡an in plasna-free cultures.
RNr\ syntl.esis by lyrnphocytes contlnued for 48 hours

1n plasma-free uedium. RììIA synt]resLs ]¡as lnhj.blted by

actlnomycin D. the results suggest that proteín synthesls
by lWptrocytes was deper¡dent on RNá. synthesis (ftrt, 1960 ).
It did not appear ttrat ttre small fractlon of protein
synttregised 1n tlre presence of actlnornycin D depended on

RN"A. synthesis wtrictr was not fu¡t¡ibited by actf-nomycin D.

PIIA stlmuLated bottr proteln and RNA syntb.eses by
lymphocytes. lhi-s substanee !Ías al-wa¡rs stimuLatory in
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placma uedtuu but uas not conal'¡tentl-y ¡tiuulatory in

plaema-free uedlum. ProteLn rynth;cls ïas stlmulated 2-5

ti.nec ed Ail^å' eyat&eal'¡ 8 tJ-ne¡. the recponae to PHA

var*ed betreen Índ.ivfdualc and bctyeen cr.rltures of tl¡e

same cel1e ln plasma end pJ-aama-fr6c Eedlu6. Both tl¡e

initúatl,on and ths eetabllahod roãponge co'trld be blocked

by actl,uornycin Dr a rosult rhl-ch luggested that PHÂ

stlmulated tJre a:mttre¡ia of short-lived m-Rl{A (Cooper and

Rubin¡ Lg66).

PtfA ¡tl.uul.atcd ¡nroteLn a¡mthcals by lyuphoLd colls

frou preparaùlonc of th¡ruuc a¡rd l-:rupb glands. PHA did not

etùlulate protetn c¡mtJrecLe by cultureg of uonocytea and

pol¡rnoryha¡ nor dld it stiuulaÙc ühg tÍssue culturc ceJ.l

l-l-ne Hep2 to producc lncrcaesd announts of protel-n,.

CuLture¡ of ungtLuulated l:mplrocytes l:rcubated wl.th

3lLl.eucine aûi ¡tudlsd by auüoradl.ograplry of ceJ.l, seart

alrovod thtt 6O*7O$ of tha cellc rere active Ln tl¡ese

pr€paratlo¡g. In PlfA-atl.nulated culùr¡rss the percentage

of ce]-I.s lncorçoratLug presur¡or raa ao trtg+' as gO$. îlre

ceJ.I.s¡ rrl¡Lclr did ¡ot l-ncorporate 3E-tsucLner nay c¡nrthesLae

proteLn l.n sucle emal-l mouatg ttrrat tbey escape detectl.on by

ttrie tectrnLquc. thc data auggeot that ttrrere Ls a sl.gal,ficant
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a¡ad probabLy quite J-arge difference in t'he rate at rþich

tlre cel-ls s¡rntlresJ-oe protefua. PIIA stimuLated 3O-¿+OÉ ot

the cell"s not detected l-n unstimuLated cultures to make

detectable amounts of ProteLn.

plfa etiuulated. tb.e cells to Íncorpor.t" 3H-t¡1midt-ne

after in¿r¡batl.on for 24 lrours Ln' pJ.asma-urodluu. the

reLatLon of the initial atl"uulue of proteLn syntheeJ.s by

PILÀ to the initlatLorn of mitotie activf.ty is not knora.

Eryttrrocytes contaninatLng the final auspenelons

dld ¡1ot fncorporate precursor or lrrfluence tJre incorporation

of precursor by llmphoc¡rtec. Sual1 nr¡mbe¡s of poL)¡norlphs

in l¡rnrptroeyte cultures stlmulated the ce1ls to prroduce

Lncreaaed amou¡rtg of protoLrr frm that expected by

cultures of pol¡nnoqpha and J"¡mptrocytes a1one. ï]1is obcerva-

tLon was d.Íscussod. wLttr referance to a report mad.e by Page

(tg64), rrho suggested that tJre rnigrati.on of L¡nophoeytee to

the site of i.nflarmatt.on deperrd.ed on proteJ.n syntlresis wl¡l.ch

nas lnitlated by a stLmulus from neutropt.lls at ttre slte.

9.2. &¡a1ltatlye-protel.n surtbeaig--g$gd¿e-Ê.

The proteLas ¡¡ade by l¡ruphocytes have beem' charaeter-

Laeo qualLtatlvely by lumunoeLeetrophoresis ard autoradl'o-

graphy. Th,e ty¡rea of proteina eyntheelsed. by J.¡nnph nodes

and tl.¡mus glarda Yêre algo lrrveltlSated.
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Th.e qualítative studl.es roported l.n thle tb,esLs eonfirm

ttre fl.ndl.nga of Parentlr Êtê1., lJg66)t Van Furttr (:-g6t+) and

RJ-ppe a¡rd Hlr¡cbhorr¡ (tg67 ). L¡ruph.ocXrte cuLture flul.dg

exanl.nsd by funnunoeLectropboresl.s md autoradiograpblr

labelled IgA, IgM, ïgG, transferrin, haptogl.obLn and a

nu¡rber of arce Ln tJre s, "* p globulin region of IDP patterns.

Tn tJre IDP patterng there yas a consfderable amount of

unldentifled. proteJ.n of t"Jgh apecLff.c activlty Ln the region

of ùhe orig{n and towards th,e anode.

EIIA. dl-d not stl,¡¡uLate tlre prod.uctÍon of neu proteins

by l-¡rupboc5¡tes but lncreaaed tJre labe11in6 of al-]. the proteins

l.abe].led Ln autorad{ographs prepared from unetlmulated culturec.

Culture fl.uíds froa llmph node eells l.abeJ.ledjtbe sane

arca in TEP patterns as t¡roae 1abol-1ed in patternr pnepared

from l¡mplrocyte culture f1uLds. PEA d{d not eùLmulate 3.¡ruplr

aode ceLJ.c to prrduce nêr pnoteLnr but Lncreaced tho label.J.Lng

of those arcr labelled by unatlurrlcted cul-tures.

Culture fLuLde frou five tbynuc cel-l cr¡Lturec dJ.d ¡rot

1abel IgA, IgM ad IgG arca 1n IEP patùerrrs. Culture f].uLd

from one th¡rmua eulture ].abeJ.].ed part of tlre IgG arc but

IgA and Ïglf rere aot l.abaLled. All 
. 
tJ¡s culture fluidc

Labe1led arct f.n ttrre c arrd p gJ.obulln rnegC-on of IEP patùerm,s.
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PHA stJ-tnu1atcd on6 pr3sparatlon of ttre¡nnus cel.I.s to make fgÂ,

IgM and. IgG æd another to uake IgG. PIfâ. aLeo Lncraaced

tlre 1¡ten^sJ.ty of l-abel.lLng of the c "* P gt.otnrlins.

Ia IEP patterns prepared from cuJ-ture fluids of J.¡ruph

node æd. tlr¡mue ce118, dJ.ffuee matsr{s.l ras l.abel-led. 1n

the regdora of tlre or:Lgin a¡d touards the anode¡ correspoudLng

to that observed ln pattarns pr'Bpared frou ped.pheral. l¡nnpho-

cyte sulture fl.ul"d¡. îhe preaence of thJ.a ¡naterlal- suggeeted

thåt aoue J.abelled arca Ln these patterrrg did not represent

ø¡ratheaLc.

It uas r¡horn tlrat prccLpitln l.!.nes not related to

huuan proteLns rhen forted 1n the cathodal region of IEP

patterr¡s vlth l¡nrpbocyte cuJ.ture fl.uid rrere not J-abeJ.Led.

Prøclpttlnc ao forred Ln t'ho c *d P gl-otnrlln reglon of IDP

patterns vere J.abell-ed. Culüure fl.uids of J-ympÌrocytee from

a patLerrt yl.tb Halhfunoto I e dl"geaas labelled the tlryroglobulln-

antibody arc in the eathodal rogl.on of ïDP ¡ratterra. F1ulds

from cuLtures of normal. l¡ruptrocytee dLd not LabeJ. tJrls ârGo

these data cuggest:

(f ) tUat ttre l-abeLled, Lmunog.Lobulín arcs IgA, IeM arrd fgG

fo¡med 1n tbc catihod¿I- negLon of IEP pattera,s repneaentcd

sy:rtheaLs of thece proteLna¡
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(2 ) îrat tlre labeJ.lfn6 of arcg in tbe c and. þ g.Lobul.l.n

region of fEP patterns rnay not ropr.'esent syntheaLs¡

(3) tnat llmp¡rocytos fræ a patient wtth llashfirotot¡ d.lseace

s¡rnthecLged aü,tlbodLes to thyrogllobul.in.

Immune preelpf-tatec to IgG and egg elbumin forued Ln

lynpþocyte culture fluLds contalned slmí1ar auouatc of

radj.oactivlty. IIorever, th€ Luuunog{obuling could be

eluted from th,e eathodal reglon after eJ-ectropboresLs of

cuLture supenratants ln agar, and lrrllñune precipitatea

forued in portLonr of tlre eluate shoved that s{gßlfLcantly

nrore rad,loactlvLty rac acgoclåted rtth lgG-antlbody prec-

J.pitates tban wlth egg albuuin-autibody precípltatec. theae

data aupport the flndlnga that lyulpbocyùee are abLe to malce

IgG gLobul'in.

PHA sttruJ.ated the produetLon s¡ ÏgG to a le¡cer extent

than tbe productlon of tl¡o total protôtns. tìhís substance

dLd not alrays etLrrulate tlre productl,on of IgG by cel.Lg in

plasua-free msdium evea though the producti.o¡r of the total

protefna rer€ stl"uulated. PHA was alvays stLûuJ.ator1r to IgC

eyntheaL¡ l-n placua medl.uu. Ripps and HLrschhorn (tgeZ )

reported tJre stiru1atíon of IgG ry'nthsgLs and protein ¡yntlresls

by PIIA to simllar extenta rrben l¡mphocytes were cultured for
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72 lrours. TT¡ey reported tùåt tlre f.ncorporation of l4c-teucine

J.nto IgG repre¡euted 2.2 - 5.# of tJre toteL incorporatlonr

wtrl.l.e l-n ttr¡e experftnent¡ reporüed 1n th,ia tbegLa rl.th

unstlmulated lyuphocytcø tlre radLoactlvlty fn ïgG represented

0.6 - Z.Lfo of tlro total Lncor¡roratloa. the nett auountc

of IgG a¡rd totat proteln c¡rntbc¡lsed vould depend on the

proportlon of Leuclns Ln tbsrc proteing.

1ìre radloactlvo ].abel1ed uaterl,aL coprecLpl.tatLng w!.th

Lmrune precfpLtateg sa¡ ctabLc to heat md uas not dLalysablc¡

sug:geatLng that 1t ia ncl.tbcr tlrc beat labfLe or dialyrable

couponente of couplement (f"U"t ard Meycrr 196L). It

appeared that tbl,c materl.aL J-ocalLsed ltaeJ.f touard¡ tlre

anode a¡d around the orlgLn af,ter lrrqur¡oeilcctroplroreüLs.

Ia quall.tatfvo tfuG eourto studLec unstlun¡Lated eultures

releaaed only l-abcl.led IgÀ, IgM an¿ IgG tnto the au¡rer"uatant

durLag J-ncubatLon for 24 hours. the athef nevly e¡nrtheelaed

proteias ranalned stored Ln the ceJ.ls a¡rd, ïr&r1e not releaeed

exeept by frecrLng and tbarl.ag. lhe dlffi¡se l-abellcd

materLal acsoci¡tcd uLttrr IEP patt€rna of culture fJ-ul.da

ra¡ ¡rot relca¡ed by un¡tlut¡latcd ceLl's ùrrLng Lacr¡batl,on,.

BotJr the cel.l. aupertrtant a¡cd celL e¡tract f,luíd¡ frorn ¡tl-m-

ulated, cu1turec¡ rhl.c-h, rero íncubated for L2 or 24 boursr
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l.abeLled sJ.uilar arcs after lmunoelectrropboresl,c. Ilouêvêrr

tlre cel-J. supernatant fract1ons frou these tuo crultures dLd.

not l.abel tranaferrln¡ a protefn rdrLcür uae labeJ.led at tlre

æodal. ead by tJrc ceJ.L extract fractl,on. A smal-l- amount of

d.i.ffr¡ee l-abelled uaterl.al yas a¡socLated rlth IEP patterna

prepar€d fror¡ thå ce1J. rupcrnatant fractl.on, b'rrt tJre bulk

of ttrrl.c materl.al wac ldeatl.fLed Ln the ce1l extract.

llhe data suggest tJrat mort of tJre proteLu syntlreciaed

by l.¡rnphoeytec raa ¡ot re1oasad durlng lncr¡batlon. PIIA

stlnul.ated the pr"oductl,on ¡¡d release, o.f, a'newl_y-fo3rnêd. proteín.

PEA alao canrsed an. aeeelerated rate of cell deattrr Ln placna-

free uediuu¡ nflfeh rould also cau¡e the releace of ceLl

proteLa. Elcctron nLc¡macopy coupl.ed with autoradLograpby

uould be u¡cfuL technlquc¡ to Lrrvoatl,gate and l-ocalLse th.e

atorage de¡rott of navly eynthecleed radl.osctive produeta

rrit'lrLn l¡mpboryte cel.].s. th.e re].cage of the imtrnoglobr¡].Ln¡

appeared to corntlnue t'hroughout the cul-tr¡re br¡t tJre release

of ot'hor protelne f¡on l¡mpbocyteo uay depend on stl,rnuli or

deati¡.

The identity of tb radLoact{ve ¡naterLaL se-proclpltatl.ng

vitlr 1u¡muno precipitatog raa not lwectJ.gated. Itc a¡rntlrecit

uas blocked by puromycin adLt vaa llglrtly stalnsd. ritb anldo
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b].ack tn fDP patteruc¡ factors rhl.ch, auggort l,t uaa proteLn

of h:fgh epeclfic acùlvity.

Invecù1€iatlons of l¡nnpbocytc protetrr ¡rroducts vl.th

l¡mphocyte antiaera uay reveaL soLuble ptþtel.ns preceat in

l¡anplrocytes attrd aot present l.n plaarna. the s¡mtlresL¡ of

dlffl¡sc matcrLal 1n IEP pattcms uey represent s¡rntheeLe

of these proteín¡r rbl'clr bar¡c not beeu vached out of IDP

pattemc.

It uas ¡rhovn by trnrunoelectnophoreels a¡¡d autoradfograpby

of cul-tr¡ra fluld,¡ of l¡mpbocyùes incubated. rrltJr actinouycin D

tlurt tb¡a flulds contaLned the aåme laboJ.J.ed proteLna found

l.n control. cuLture¡¡ but J.n reduced amou¡rtg.

9.3. å¡eti*lnf].amatoEJr æd lreunoruppreealvc as€nts

L¡mpbocyte auapenrLons are eaol,1y obtaLnød and ca¡¡ be

ueed for both l,lrsunologLcal- aryl bLoche¡rical. 1rrveatl.gatl.or¡s.

lhe by¡totbsrLa tù¡t antt-tnflauuatory and. lmunoaupprcar{ve

dnrgs depend ln part :for tJreLr aetlon on LnhibLtLoa of

J.¡rarphocyte protein rynth,eeis hac boen Luvestt6ated.

Many druge ylttr att-tnflaruatory æ,d, l,¡munoeupprcsslve

actlrrl-üy |3 I{g9, t.nrriblted Lyrpboeyüe pr"oteLn e¡nrtJrettr ¿A [t!gg
AL1 of a rLde rarrg:e of drugc tastod uero actlve agalnot proùeLn

eyntheala. SouG of the dnrgs rcre letha.l yh.1l.e otJ¡ers ial¡ibLted
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protein uetabolLm by uechani¡us whÍch. dl.d not lead to

ce].l" death..

fi¡e reeponse to varLouc dnrga varled betveea l¡ruplrocyte

proparatfong frou noraal donore. lb1.e varlabl.J.l"ty ia

ref,l-ected Ln tJre cll.nic by t.lra variabll.J.ùy of the patLanttr

reslxrnr€ to dnr6r. It ba¡ uot borover bee¡r eetablLat¡cd

rdrsÈlrar tborc 1a a correJ.atLoa betycen seælt{vLty Ln vltro

and l¡ f¡,fg. of an l.ndLvidr¡alrr J.¡ruplroc¡rtes.

on,c of tb,c uo¡t intcresttng fÍnd1n€g eas tbat the

reLatlon*bfp Xn g.;lJE¡g. batreen drug analogues and u¡etabolLtea

reflected tJrcLr actlvl-ty åg n:iqo. tr.or exampl-e parahydroxy-

benzoate¡ rhl"cilr l.s an i¡omor of eaLLcylate and Ls inactive

¿¡L fl¡fg, rar inactLve lg vltro. Sallcylate vlrtch Le aetlve

J.B y¡fg¡ râr actLvc t¡ v4tro. O¡lrl¡hsnbutazone, a motabollto

of pbaryll¡uüagotn 1e nore actlvc 1¿ ¡d,gg at a lorrer do:e

(C"oodnæ æd GJ-lao,, Lg65). o:grphonbutazoas yaß eore

effsctlve agaLnst l¡no¡ùocyte proteLn s¡nrth,esf s l¡t Ult¡g at

a louer d,ose than phmyJ.hrtasono. Au ryralogue of phcny1-

butasouc¡ rulplrl.rrp:nrasore rù1ch h¡a Less antl,-lrrf1am¡tor?

acùivity ¿B g|,Ig, and. {¡ e ürr¡ potcat urleogurLe rgent

(e.ooAm æ,d. Ol-luæ,¡ L965) ra¡ tllght1y 1sco actl.vc ths¡r

phenyl.butacoae ¡þ v{tro on l¡mplroc!:fto protel.n s¡rntheala at

tlre ¡a¡ne doee lcvcls.



198,

the inr'ibitory effecta of ùlre thfopurinêa orr l¡rmph.ocyte

pnotein slm.thesia nay refl-ect tblr sffecfivenese as f.uuuno-

auppressl.ve agents ¿A ISJS. Azathloprine ra!¡ moro ffective

than 6-mencaptopurine ln inlu¡-btting llmphocyte protel.n

syntJreel,s. 6-lnfoguaaine ras at effectivo as azatbl.oprLne.

A number of tlrlopurine metabolitea found ¿g g¿yj, nerê inactive

{¡ vitro, a¡ cffect wbich ras eorr¡lated wlth their effect¡

¿B ¡¿!gg. (ntton, Lg6?). the aetlvity of tvo derlvatl.ves

suggeoted tl¡at the nucl-eotÍde crd rJ.bosid.e of 6-rnercapto-

purJ-ne y€re actlve agaLnct l¡mpbocyte protei.n s¡nrthesla¡

probabl-y vla converslon of üho¡n derivatlves to 6-mercapto-

purine and ¡rerhapo eventr¡ally to lnti'acellular nucleotÍde.

ó-Mercaptopurlne 1¡rhibited tho uptake of l4C-g.ranlnc lnto

nucLeLc acLd but azatJeLoprLne dld not appear to be actlve

agaLnst l¡mphocyüe metaboll.am in thlg râfr

the actlvt.ty of many drugc aad d,ru$ analogueo parallel-sd

theLr actlvitios Lrr cLi¡-ical u!ê. Furthermore these

obse!fi¡atLoloË euggcst that l.¡rmpbocyte cuLtr.rres can be used

suceessfully to acr€en dr"trgc rùtcÌ¡ have {u¡uunosupprecclve and

antl-Lnflauuatory actlvLtyin the body.

Culture fl.uLdc frou l¡mplrocytcs Lncubated uith 6-uercapto-

purine¡ azathl.oprlne, cortlrone, sallcy1aüe¡ ox¡4rbcnbutazone¡
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mefenaulc acld and Lndometbacin labeLled tbe sane proteln

arca i.n IEP patterns as those found in patterns p!îìepared frol¡

untreated lymphocyte cultures. Culture fl-uid frou l¡mphocytes

incubated wl.th cÍeloroquLne¡ whicb is ÌrighLy lethalr did not

label a:ry arcs. None of ttre drtrgs tested appeared to tnhibit

tlre ayntbesls of any partlcf,rlar protcin¡ but ül.e s¡mthesis of

aI.I. protel.ns was affected.

ManT of tbe drugsr exc€pt tl¡oee whl'ch uere hfghLy letlralt

dLd not lnterfere ¡rlth tb nechanlsm of the pIlA response by

l¡nnphocyte cel.l.s. Plagua Ln marry lnstancee reduced the lrrhib-

ito¡y effects of tbe drtrgs rlren 1t r¡as lucLuded J'n the med.íuu.

thJ.s phenouæ,on uaa attrlbuted to plasua bindlngr årr effecü

rhicl¡ ig knovn to occur sitlr aal.Lcylate arrd phenyl-butazone

Selected d,nrgs (cortLaone, 6-rnercaptopurlae¡ azathloprlne,

pbenyltmtazono and o:qrph.errbutazone ) had a couuol¡ effect

on l¡mphoLd cel'l.s from th¡musr perf"pberal blood and l¡rnph

node. By coatrast the drrrga¡ 6-rnêrcaPtopurl-ne, azathLoprf.ne

and cortisonc df ffere<l 1n thelr affects on proteln clmthesf.r

by }fela, IIep2 and. Llack2 col-t g. 6-llercaptopurlne ras Eorê

Lnlriblto¡Tr than azathlopriner wblch had ]-Lttl.e cffect on

protein s¡ratheal,c by tbse ceLl l-lnes. Cortisone ra6 tlot
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lnblbLtory. the data augg€at dLfferarrcelc 1n the metabolLsu

betrcen l-¡nnpboid cel.I-s ar¡d tJre three celL lLnea.

Adrenocortlcotrophlc horuoac (.nCtn), bydrocortieone and

azathl"oprlne rere stt¡died for thefr effects on l¡mphocyte

proteln eyntheel.s ¿tr ¡6[Ig. L¡rupbocytea frou a patient

recefvLng ACTH shoued a rcduced abi1l.ty to e5mthesLee proteln

$ vitro. lhia dmg probably had t,ts effect Ln the body by

stíuuLatLrrg the productLon of cortlcosteroids. L¡mphocytee

fro¡¡ a patLent reeelvlng hydrocortlsone ebowed a redueed

abLlLty to' syntboclce proteLn wben ttre ce1ls ldere cultured

1n plasma-free medium. By contraet¡ llmphocytes from patlents

recefr¡i.ng azathl-oprine st¡ored a faLl 1n ttreir abíJ-ity to

lncorporate 14C-1"rr"l-ne rrhen tlrcy ïere cultured in uedl,um

with autol-ogous placna aætpled at the ¡aue tl¡re. lhese

obseryatlonc suggcct tbat thc effect of hydrocortlcone rac

reclduaL and th.at faetoru Ln p1.aeua masked tbe Lnhlb{tor"}¡

effectg of tt¡ls dmg. thc findlnge rrltb azathLoprine suggeat

tlrat the coatLnued prosence of tl¡Lc dn¡g (1n pt¡sua) io

necearary for its lnhibl-tory effect oa J.ymphocyte cells.

More ctudLes are üaeded to correlate the effecta of ths dmgs

l¡ vl.tro vLth theLr affectg ¿B gt¡Eg.¡ rr€vertheJ.esa the fíadJ.ngs

do a:ggest tbat tbe effcets of azathloprLne and cortl,sone

1¡l vLvo paralLel thel,r effects on L¡mphocyte proteLn e¡netJresls
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ln ïltrg.
c)-LL. Crl-tl-cieme and Pro¡r¡ecte

the eulture uediuu chossn for l¡ruplrocyte etudl.cs

cupported thÊ grovttr of tbege cc1ls for rit¡ort Lncubation

perLods. An iacrrbatlon perlod of 24 trourr waa ¡ûrogen

prl.ncl.pa1.1y because of Lts co¡nrenl-errce¡ Most of ttre

protein aynthesJ.s by tbe lymphocytes t¡ad been conpleted

after 1"2 troure incubatLon. l{t¡en plasna was Lncluded Ln the

¡nedlu¡n s¡rnthcsLe continued for 24 h,ours. I¡l the studles

reportad in thi¡ tlreais cubstauc€c uere inveetJ,gated for

thsJ.r iumediatc cffocts on L¡mphocytea. For thí¡ reason

lt nl-ght have bo¡n better to l.Lniù invectigations to sl¡orter

íncubatLoa tlue¡. Âlternatl'vely ¡tudl.es J.nvolvlng long teru

investl.gatlong such a¡ tbe effect of PIIA on mLtoslc yould

requÍre tbe ct¡ol-ce of a botüer ¡nedium.

Radloactlve uraterd.al copreclpitated wLth imuune preci-

PtLrte6 fo¡ued l.n l¡ræplrocyte culture fluids. Egg alburnfn-

antlbody prêclpftatec flcraed Ln eulture fluids contaLncd au

auount of rarl{ oacttvity slmilar to that asrocl¡tcd. vlth rgG-

antlbody precipltatcc' rf¡ig uatcrlal uag aaaocfated vlth

diffuse labelled material cpread around tb.e orfgLn and towards

tt¡e anode in rsP patterrrs. Â.s a reault the LabeJ-J-lng of üre
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area ln the a a¡¡d P gJ-obull-n rcgl.on of IÐ,P pattcrns may not

reprecent r¡rntbeals but non-cPeclfie labelling.

F\¡rtber ¡ür¡dle¡ are aeeded botJr lnto the ldentlty of

the copreclpi.tating rnaterial and the specLfl-city of ttre

Labelllng of arec ln tb a âd p globulLn,rreglonc of fEP

patterns. faitiaL studi.eo ahowed tb¡t the coprecl.piûatlng

materLal waa proteln¡ ¡hich was ctable to heat and ral rrorr-

dialysable.

Studiea of protein synthesis wtth radioactlve lsotopes

b.ave l.lmitatlonsr coneLuslve evidenco rdould be provided by

thc dernonstratlon of nett increaac Ln protein prod.uctl-on.

Ït l-e qul.te probable that tJre rc].ease of tJre Labe]"Led

imunoglobul,ln¡ rolrr€sGrrted r¡æthe¡1s a¡d excrctl"on of thcsc

protcins¡ rbLl'e the LabcJ-ll.ng of tbe other protcLu represented

uetabo1lc tumoYer.

CoprccfpitatLoa of labe1lcd matarl-al rlth Ír¡nune proc-

ipLtatee J-f.uitr the studLcs tht caa be rade 1n üris râ/r

the abemce of dJ.ffu¡e labelLod aaücrLa1 1n IEP pattcrna

prepared frgu eell aupernatantg (i.". thoae protcl.nr rclcased

fror¡ tlre cel].s durlng LncubatLon) euggestr that J-e¡r of th1¡

eopreclpftatlng uatcr{al l.a precent 1n thesc fractionr.

Anal-yoea Ln ths cell cu¡rcrnretant fractLon rather than l.n ùhe

culture fluLd rele¡sed after freezlng æd thawlng the celLc¡
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lIa:r b3 EorG auccGarful.

Ittany dnrgr ubl.ch b¡vc rntl.-lnfl¡snatory ed Lmurro*

rupprGrrivc actlvlty 1g g;[fg. L hLbLted protein r¡ratJr,c¡L¡

d¿ ïLtro. and the concmtrati.on¡ at rh,J.ch tlrese dn¡ga rGrG

ugcd retrG j.n conc ca¡at rLthl.n mceaured blood lcvol¡ ¡¡d

bel.or maxiuun oxpcetrd blood l.cvclr l"n tlro eaae of ot'hcr¡.

Ntvcrtbclor¡ tb¡ cone¡ntretloag ¡t vlrlch soüå of tho dnrga

rero tcrted uelr nÕtcr ^lje rcecbrd le g¡,8, 1n f¡ct azetbl.oprlno,

6-UrtogunLnc end 6-DcrGaÞtopurl,ne rore testcd at vcry hfgb

conccntratlon¡.

L¡npboeyto culturct h^evc bccn ¡lrora to bo ¡ul,tablc to

acroon' d.rnrgr rLtb æ,t1*Laflametor¡r a¡d Lnunonrpprcrlivr

actlvf.ty |¡ g;f,tg.. l\rthæ lnvcrtl'6aüLon! u¡y rcve¡1 dnrgrl

rh{eJr ¡re u¡cft¡J. 1a cillatcel practlea or a. bl.ochæJ.c¡I.

tooll.
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¡.ppg¡rorx (r I

rn bctroen uae alr glarrvare rÊ! aubJectcd to a
routfao uarbLng prooe&re ¡ Irçn3<llately after uao thc
glaaeraro rar roahed i.n rator prlor to tlre folloulng
rtcpa ¡

(f ) O].a¡sarc rar rarhed and brurh¡d l.n h,oü tap-tatetr
rlth Dlvarh dctergcnt (Dlver¡ey, .Arðln.r pty. Ltd.).

(a) Rirr'scd tn trp-ryaûcr trlren dJ,rtíltod water.
(¡) Boiled tr¡ dl.¡tl.ltod watcr rith, I part of C¿fge¿

netae{l.icate l.n 1OO partr of yatar for 2O nir¡uta¡.
Calgou ucta¡Ll.l.eate uu uad. up rlth dO gn of
Calgon (Alftrrebt and, Ifl.tron, åu¡t. (Ltd.)) 

"oa36O gn of codLuu mcta¡ill.oato (Anax., Dzug touror
of A1¡¡S¡alla, Lùd. ) fo L gallon distillod ratcr.

(tr) Rl.a¡ed ln trp uater, thclr drst{lled rater.
(g) Boiled, Ln dtsttllod rator for 2o rnÍnutea.
(6 ) Rln¡ed Ln d,igtÍttod rator and d,rlcd.
(Z) Paokagcd for autoclaving.



{PP,nûII (rtì
Erghtr (te¡el) uoAfu¡n 1O ¡ concoatrate ao¡trf.nr

1n, rvery LOO al ¡

Sodluu Chl.orldo
Potar¡fu¡n Cblori.dc
Moaorodluu Pbo¡pb¡te
Cslafua Chloridr
l{agncrlum Cblorldr
Giluco¡o
1-$rrorlao
1-€yttl.no
1-Arti¡l'nt
L-H{rtl.dtnr
1-IroLeuol¡¡
1-LtueL¡¡
l-Lyr1lc
l-l{rûbfonilî.r
1-tlhrnyXrl¡al,¡o
l-Îhrco¡Lar
I.-Yrllnc
1-Îlyïrtopbran
3lotin
C-bollno

Foll.o Aold
Hl.potíur¡nldo
Peatoth¡aj'o AcLd

F¡rl,doxrl
tluteuf.¡
Ri.bofl.e'n1lr

lhmol R¡d
PontotlJ.l.n $odt¡¡¡
Strpüouysln 8ut¡ùrûr

6.8 6!
O.lr p
O.16 6u
4,2 gu

O.08 gn

x..o gu

18.o ugp
le.o ugn
eI..O n3u
Lo.5 nGn

26,A r,gn
36.2 ugu
36.5 acr
f.g ugn

16.! n6u

2J.8 u6n

23.4 qr
l+.t ngu

1.0 uãn

1.O ngn

l.O m6p

1.O rngn

1.o ntu
.1..O ¡nÊF

l.o sGþ

O.1 ¡ngr

ao.O uF
5o næ
50 nen



1o prr¡nrr 1OO nl of Bagl"crl r¡d1u¡n f,or uro 1hr
follorrln¡ r¡r rddcd to ¡trrl,lr dorblo dl.rtLll¡d ntcr
(ro tùnt thâ flaåI voluni r¡r 1OO nl)r
(f ) 10 ur of Drgh t l nldfu.u tO ¡ oono¡otntr
(¿) 2 W of glutautnr ¡oLutton (oontalnr 1.t16 gu of

l{-6lutaninr prr l0O nI ).
lho final" }H of thr ucdluu ru tdJurted ta 7.O rLth

rt¡rllo rodlun Þlcerbonat¡ rolutlon.
Eag1cr r todlun y¡¡ prcparrd uLthotrt ]"rucLao ¡ad, tbc

follonl.ng qlao rai,dc ræc rddrd ûo lOO ul of tbr ! O ¡
eo¡o¡utratrt
L-6lyclnr
L-Serl¡o
L-Prollm
L-Arprraftnr tOO

L-AcpertLo
L-Âlan1no
f,*Slutamic

7.5 ntu
1o.5 u@

11.j ugn

lt.2 u6n

13.3 n6u

8.9 n6¡n

1l+.7 u¡n

Tlhc urdlûm rl. thrn p'!r.pu.d ts b¡f,ær. ltei¡ urdLuu
Tar u.cd rrstiner.y end ärr b¡rn refærcd to 1¡ tba trrt
ar rupplcuontrd srglcrr u¡dtur¡ pñrprrcd ulthout lcuola¡.



APIEFgrx, (rr r)
Loukocyta ri.cb auapeneforta uoro loadcd, onto

coLumns (A.5 x lr0 ø ) peokcd, rttb gtaea beadc ârd.
iacubated for 3/4 t"lour at 3i7o9. tl¡e coLumas ïere tlrrn
elutod uLùh tJrc following roluür.orrg ct 3?oc and varl.ot¡¡
fraotions yerc collected.
(f ) lo0 l"1l of froah pt.arna ra¡ used to eluto the

l:nnphocytc rLoh, ruopcnalorri ¡
(z) 5oo }(t of ltrankg batancsd calt colutlon r*.rür 2oÉ ptrema

rras uded to elutç pJ.atelctl.
(¡) rhs cor"unns vðrG ffnat ty raabcd wl.tl¡ roo nt of ca++

and ltlg++ f,rce dLaodiun etbylcrrodfaul,nc tetraaect!.c acid
(ænra). Ir¡c reagcnt conüalncd pcr lrtrer dr¡odLum
r;D{fA o.2 g'nr l{acl B.o gn, Kcl o.2 pr f"¿ffir, 1.1j {rrnr
O2 *4 O'2 F, lnd glucorc o.2 g. thc ¡olutlon va¡
aterlLlsed víth . þelts fLLtor and ras buffercd at
pä 7.4. Pol¡¡rnor?h rlclr prcprratlous roro collcotcd
at fLr¡t rhLlo monocyte rloh prepareùLor¡r uoro sollcctod
tora¡r'da ttr¡o cad of gluato.



¡.p.pnilqrx ( iral
Drierüln,etion of ÍafL4l.Êe thlclrrre¡¡.

Protstn (rs)

o17

L.2
2.t+

3.6
4.8
6.O

7.2

cm{

6t+6

98o

131o

1875

22o,0

2400

2ttOO

Scrrrm proteLnð vors precipl"tatad rrltb 27fi ¿odlum ru1plrate.
The protcir¡ vas taken up Ln sallno and to thLr eolutl.on
2,J ¡te or l&c-teuelne was ad,ded. varytng æount¡ of tbL¡
proteln rolutlon rerg plated out on 2 ag. cor planeh,etr.
tbe planch,et¡ uerð drLcd and eounted.
lhe protø:Ln conteat of the ¡took protel,a aolutf.on ra¡
detcrmlned by tlrc ucthod of 

*Loyry 
f.t å1., (f g5f ). From

thla the mount of proteln platod out could. bo dotsrrlnod..
countc ¡rer mlnuto (cna) of thc rmplcr a¡re ¡trorn Ln tlr¡
tablc.
*loI"yl_9:ll, Roecnbrcrgb¡ !Í,J.r Farr, A,L.¡ arrd Rrnd,all,R.J. (1951). J. b{ol. GIrm. L!!L¡ 265.



"å,PPEÎ{ÐIX (v)

Tìhs ¡ffaat af uø¡l'r{rtc an *ha æaavol af 11 **{¡^¡--

fryoF. lrmpho eLt ç¡¡

No. of uaehlng¡ CPM

6et
L36

5r.
45
63
25

L¡ruph,ocyte¡ wero preparod by sl.llconlred glasa rool
filtraùlon. the yleld ra¡ > 99f'l¡nnph,ooytor. th,c¡c
lyupÏrooyte¡ yere lncubatod rÍtb l&C-l".rel.rro for 2lr hourc
and tbo aupßtrnetant rçcovored after termJ"nctioa of thc
culture by frceuLlr.F md th.arÍng.
L¡¡upbocyte¡ rerc ag:ål.n prcpared by g[asr soo1 fl'ltretfon
(r>ggfi l.¡mphocyter) snd l.lrqubatod ut.ttr thc Ltotat¡d
aupernaüant contaLnLng Labellcd prote{n¡ for 2 h.our¡ nt
37oc. At tho åûd of the lncubatÍon tJre oolL cuepcul.on
yaa dlvlded Lato a{x arJquott. thcae re¡p tlron rarbcü vltb
{.nkrs Balaneed salLm ¡olutlon (¡tgss) a varfour aumbcr of
tLrnes a. Ladlaetad. The ocllr Ícro tben plated out oato
pLa¡el¡etg ard counted.
CPM ¡6p¡saents thc eor¡nt¡ ¡rer nlnr.lte of tbe platod
l:rmphocytæ.

o
1

2

3
tt

5
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Hodl,e

I
IX
IIT
nt

CPM

Ít'.
837

717
632

2.1 x ro6 l¡-puooytor rore eulüurod ia Eaglorr ncåtuu,
rlth and rltbout n ¡tao ¡cld ruppteuæt (åppødfr (ü¡¡
and oor¡tolnf.n6 1 ¡r,c of 1&C-l,.rr.la.. Modtum I rar E¡Ci1cr r
uedluu, llcdl.r.u fI rr¡ Erglor ¡ nedLrun arf ür eupploutnt¡
rncd^l.ur¡ IIf r¡¡ Erglrt r urd!,.lu rLtlr trtoe t¡lrc anount of
eupplcnæt and ntdl.rm IT rrr Ergl¡t¡ ucdLr¡n æd arpplrntnt¡
ur¡d at trl.c¡ {ùc norurl c}oærúretf.orr. rbr oount¡
prr nl"nutc (CeU) in tb¡ tCÂ culturo prcoipitaünr ¡rc
ct¡om tn tb¡ t¡b1c.



@
EeÅeLf of l&,c-ra¡¡qrqe 

t.n tþc
medt¡4g So the l-Fcproora,t{on of E¡ncgur¡@

$orr¡eL lyrnplrocytos xere euLtured in rupplmoated
F;agJ.ef s mediun proparod rl.thout 12C-tarrol.a€. Dstc¡rln¡tiorr¡
verê sade ln tripJ.icate.

tr¡o top graph shora tbe rerrtionelulp þctveen the
Lncorporat{on of l&c-tcuaf.¡o fro¡n thc med.Lum by
l¡mphooryte¡¡ rhl.lo varyÍng tbc auou¡t of l4c*]-e.r"¿oe

Lr¡ tho mediun. Tt¡c incorporatfon of precur¡or Lnto tbc
lcA culture procLpltatce h¡a becn ârprêsged. aa couata,/
LO6 cells cultn¡rodfnln.

T].e louor graph ¡horr¡ tlre , rslett.oaab,ip beüuocn
th,e Lnoorporatiqn of l&C-loucl¡rs frou t¡e uedlum by
l¡mphocyte¡r rhllc varyl.n6 tbe auuber of ceLLc Ln tho
medium. lJrç enouat of . 

l40-t..rcl¡¡o 1s t¡3 medl.un g¡¡
coastanÈ and ya¡ O.25 ¡tc/v¡.. tlrc incorporatlon har bron
exprêrred as oounttr/O.Z5 pa of l&C-feucLae 1n thc ucdfuu/
¡n 1tt.
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truman .IgF ¡g¡þl"r ernn

lh¡ua¡ plerrr r¡¡ d¡ctroplrorerod fn ãS8rr It¡r
upp.r lmunocloetro¡rborrtle prtterm (rnn) ra¡ d,cvclopcd
rLtb vhoLe hr¡man antLlcnru. Iìre lorcr patûcrn rlt
derrelopcd rlth rabblt ætfcêruu to hr¡nen IgG.

thc effact of addtag !.acrcatLrg rnqunûs of,
huuan r6G gl.oÞrrlln (¡a) to r¡bbr.f-¡¡!{-rgG acrtrn tr rhora
ln the graph. varTtng aor¡ntr of entlgca (lo 116. ) ræe
ad¡lcd to 2 ul d mtirôrr¡nn (rrr dl.tutd.on vltb eatlnc).
ÏI¡¡ pr¡ol.pLtato. re$r rrhsd s¡d, recurpoadcd b o.llr
Htaco3 (& rr ). îhc prot¡La rrr ûbon dotsmi¡ed by optt cal.
dcarlty (Op) lncaluroümtr at Z8O u¡r.
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*equnrorx J rxf

thruan , thvFggloÞultn Ftlþodï
P]"¡¡m¡ frou ¡ HerbLuoto petLoat ¡¡l erectrophorr¡rd

in a6ar. rbe uptor rEP pattcrn r&r dcvclopsd u!.tb rhstr ¡
lu¡u¡sr anûL¡eruu. îbo r.orer rEp prttom ua¡ dovoloprd
rl.ttr hr¡uaa thyro6lobnr.l.La.

-rh. effrct of ¡ddrng r¡,srea¡l.ag æoruto of hu¡en
tlr¡æo61oh¡11n to llarhl.uoto plarue lr ¡b,on la th,c grep¡.
Yarl¡ing æountr of'rntl,€prr (r¡p¡) rer¡ add'ed to 1 11 of
plerua. Îb,r preeLpltater rerc takcn up ia 4 nf of O.J.M

Dïatco, and the protci.l ur¡ drternrÍu¡d by optLeal dcnr{ty
{On) at 88O Ep. OD rel dctr L¡cd rl¡ l¡1O úLluttoa¡ of
tbe protcLn rol.utl.oa¡.
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Eff g.-¡üþuF i n .jrrrt Lbff d r¡

rhs upprr rEp pattc* vas d,eycrop,ia 
'1ür buuan

placma and nbole bunæ, antl¡en¡n. lh¡ ].oycr pattorn
rrs¡ devol0pod ulth rabblt aüt1-.o¡îr¡u üo o5g arbrnrin ¡ad
egg albumi¡t.

Thc effcet of, addLag lncrcatLrl6 alnouatr of rgg
albrmi.n (¡o) to r¡þbr.t-rËtr.-.5g rr-h.rnr"n ¡e*r¡n J.¡ rh,ovu
Ln the grapb. Var:ftr¡g æotrntr of aatlgæ (*C ,g) r.rt
added' to r nl 0f antrsoruu (rrr d{lutlon ,"tt¡¡ ralr"no).
llro pmcJ.pLtatee uarrÊ u¡sh¿d end rcaucpend,cd la O.lU
tr"a"o3 (4 nr ). thc protein ra¡ thl,n d,oûorrlmd by optrorl
dcnaíty (OD), neerureuæt¡ at ZgO ¡¡¡.
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&rrouyoln Xaaub¡tl'on
tlnr

cPt{

l.

1t

å1i.
2tr hr 110

!Íorrsl l¡ruphocytc¡ rorc oulturcd r.a 
'rppx.r¡natrdEagJ-e ts modlun prc¡rarcd rlûlout lcucd.nc. rh. cr¡Lturcr

conüaLned 1.2 x J:O6 ecllr m'd, O.âj ¡lc 14C-1.rr"ino.

Detemlnati.on¡ rcro ude ln trtpl.l_oate.
Furoryof.a rra ¡ddod ¡¡¡d ronoved at tho tL¡nc¡ l¡aeubrtrd.
îþ¡ .tr1*r.¡ rcrc rmphd et var-r.ouc tLue¡ ad tbe
countr ¡rr utnute (c¡u) or tbc îc,a praelpftate¡ ï.rü
detonnl.urd.

24 br
3tr

80

oaddcd et O hr.
addcd^ rt O lrr
varh.ed off at
3 l¡r.
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