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Peter C. Doherty: I'aventura de la investigació 

Quina és la química de la reacció que transfonna un inspector veterinari en un premi 
Nobel de Medicina ¡Fisiología? Quines són les condicions, quin és el camí que s'ha 
de seguir? 

Una lectura as sos segada del curriculwn vitae de Peler Doherty ' revela les 
principals c laus de la transforrnació d ' un ofic ial vClerillari a Brisbane, Australia, 
I'any 1967, en el professor guardonat amb el Premi Nobel de I'any 1996. I jo 
valdria destacar-nc dues, d' aquestes claus: d ' una banda, una actitud valenta en 
acceptar e l repte de la in vestigació i , de I' altra, una inquietud ¡una capacitat 
intel·lectuals fora del comú. 

La invesrigació cielllífica com a aveflfura 

Una de les coses que més m' ha sablat de I'extraord inari curriculuU/ vitae de 
Peler Doherty ha estat, sense cap mena de dubte, la seva actitud al lIarg de lota la 
seva carrera. L'absencia absolu ta de conformisme, de por davant deIs can vis i de 
mandra. De mandra intel·lectual (de canviar de línia de recerca, d' hi potesi, de 
model de treball), pero també de mandra davant les incomoditats mundanes : 
canvi de país, de ciutat, de lloc de lreball , renúncia a salaris llaminers ... Alguns 
moments són for\=a il ·luslratius d ' aquesta actitud. Després de treballar uns anys 
com a viro leg veter in ari a Brisbane, amb una playa e n propi etat i resulta ts 
professionals i científi cs que per a molts eren envejables, va decidir que vo li a 
aprofundir e ls mecani smes de les ma lalti es víriques i, després de di fe rents 
intents, va acceptar una pla<ra per fer un doctorat a l Moredun Research Institute a 
Edimburg -a l'altre cap de món-, on va treballar en la patogenia de malalties 
com la lremolor ovina (scrapie) i I'encefalornielitis ovina. Tot i que el ni vell de 
les seves recerques augmentava notablement, e l Dr. Doherty va considerar que 
calia es tudiar molt més a fons els mecanismes immunologics de les infecc ions 
víriques, en bona part estimulat per les recerques i els conceptes del reconegut 
professor Cedric Mims. 1, sense, deixar-se dur per inercies i mandres, va tornar a 
la seva Australia per treballar a la John Curtin School of Medical Rese.rch. AII . 
va iniciar les seves inves tigacions immunologiques, que va continuar al Wistar 
Institute de Fil adelfia i, rnés tard , al St. Jude Children's Research Hospital, a 
Memphis, Tennessee. Tres continents, sis c iutats i canvis constants de residencia 
i de condicions de treball . 

De la mateixa mane ra, va can via r de lín ies de recerca i de mode ls 
experimenta ls. Així, després de treba ll ar, com hem d it abans, en ]'encefalo­
mielitis ov ina i la tremolar ovina, va estudiar la patogeni a de la in fecció amb el 
Semliki Forest virus en el ratolí i, poc després, va canviar a la infecció murina 
amb el virus de la coriomeningitis li mfocítica, un model experimental que 
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considera 111 0 1t més potent. I més ta rd , va estudiar la resposta immunitaria davam 
les infeccions víriques respiratories. 

I és que, no ens enganyem, la recerca d'ah nivel! ---el que e ls american s 
anomenen blue sky research- no és compatible ni amb el cominuisme comode. ni 
amb el funcionariat entes com a privilegi. ni amb I'endogumia i el provincianisme. 

La illql/ietud ime/·/ectl/a/ 

La segona clau, segons la meya opinió. consiste ix en la inquietud per trabar el s 
mecani sme s íntim s que expliquen e ls fenomens biologics . El rebuig a les 
exp li cacio ns supe rficial s i si mples i la cerca co nslant d 'ex plicacions més 
complexes. pero de majar poder expl icatiu ; aquesta inquietud és la que fa que 
dcixi el diagnoslic per I'experimentació. I aixo que el diagnostic és un exercici 
intel·lectual fon;a sati sfactori, que compren fases d 'anuli si i de s íntes i. No 
o bs ta nt aixo , és cen que e l diagnos li c es qu eda e n un exerc ici inducliu 
probabilístic simple2

• I el matei x Dohen y assenyala en el seu currículum que eH 
se senl seguidor de les teories deductivisles de Karl Popper. que sostenen que les 
hipotes is només poden contrastar-se empíricame nl (conlrastació deductiva)3. 
I aixo únicamcnt ho permet la recerca experimental (¡-al t nivel!. A més, Dohcrty, 
que es confessa també influ"it per les tesis de Thomas Kuhn, sap que el can vi 
d'un paradigma vigent demana un nou paradigma, salid , ben contrastat i de 
major valor exp li caliu4

• l a aquesta tasca dedica tots c ls seu s esfon;os. 
Probab lc men t, és també aquesta atracció per la compl ex itat la que el va 

conduir, a principis deis anys setanta, al ca mp de la imlllul1ologia. en aqueHs 
mOlllents en plena eclosió. Molt pocs SiSlCJ11CS biologics lenen la complexilat del 
sistema il11l1lunitari. Recordo com cm va impress ionar la capaci tat del sistema 
il11J11unitari de reconeixer un nombre il·limitat de molecules. Aquesl imlTIcns 
uni vers molecular immunitari em feia pensar en la famosa Biblioteca de Babel de 
Jorge Lui s Borges. cn la qual es trobaven lots e ls lIibres possibles; escrits en lotes 
les lI englies, ta tes les es tru ct ures verbal s, to les les variacions dei s signes 
ol10grafics; amb semit i sense. Una biblioteca il ·limitada i periOdica. Una meravella 
de ficció que el genial Borges ignorava que ex istia de debO en els sistemes viu s~ . 

En aquest sentil , val a dir que les illvestigacions més re llcvants i conegudes 
del Dr. Doheny ve rsen, específicamen t, sobre el problema del reconeixement 
imlllunitari; en especial sobre el reconcixement de les cel·lules infectades per 
virus. 1, malgrat que es tracta de treballs de cmueter indubtablemcnt fonamcntal, 
les se ves ap licacions a la medicina i a la veterinaria han es tat nombrases i d'una 
enorme impo rü\ncia. Una enesima prava qu e la bona cie nc ia basica acaba 
engendrant la millor c iencia aplicada. 

l podríem seg uir posant exemp les i 1I0anl la carrera de l nou me rnbre 
d' aquesta uni versitat; pero, sincerament , penso que el més impol1ant ja s'ha dil. 
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El seu coratge per acceptar I' aventura de la inves tigac ió amb ta tes les seves 
cOllseq ü€mc ies i la seva inquietud i capacitat intel·lecwals fora de l comú han de 
ser exc mple i eSlíll1ul per a la nostra comun itat acadell1ica. Gracies per mostrar­
nos e l call1í. Dr. Doherty. 

Notes 

1. A N6N IM. Le.' prix Nube/. Estoco lm: Tile Nobe l Foundat io ll. 1999. 
2. SAND RITTER. W.; BENE KE. G . A I/gem eine Potha/og ie. S lutt ga rt : F. K. 

Schattauer Ve rlag. 198 1. 
3. POPPER, K. R. Lo lógica de /a investigaci6n científica. Madrid: Tecnos, 1997 . 
4. K UH;\! . T. S. La estructura de las revoluciones cienl(fica .\·. Mexic: Fondo de 

Cultura Económica . 1997. 
5 . BOIWES, J. L. «La Biblioteca de Babe!» . A: Narraciones . Madrid: Cátedra, 

1992. 

9 



DISCURS 
DE 

PETER CHARLES DOHERTY 



M)' c hildh uod wa~ :-.peln 011 Ihe olllsk irt s of lhc :-'Ilh-Iropical ei l)' oC Brisbane. I 
ha\'(: a yO llngel" broll!er, lan , alld \ .... t' gn_'w up ;1:-' pan ofa lI'adilional, extended 

la m il}' Ihat ,,'as "en' Illuc h influcnced b), lhe "allles 0 1' (HII' two g-nlllrllllo lhcr<;. 

Thc o n e wa, a dcv()11I MCl!todist, lh e olhe¡';\ lapsed QU;1ke r \\'h o was hO)' !l in 

England ¡Illd embnln·d Ihe informal A lI slr.¡[ian lift-· st)' le ",ill1 greal c lllhusi­
;'¡ .. II1. :'vI}' parenls ( Linda ¡lIld Eric ) \Ven' fir<;l and 'iccond gcnel-a tion 

A \I 'II-ali; II1 :-'. lh e \'a¡-jo ll s t'tem e nls or l h e fiullil r comi n g Irolll Counl)' LOlll h 
( in lhe 1 H/IO':-.) , LlllC;-l:-.hirc and Essl'x. Eric Dohel"ty, a elevel' an d c llle rt;lining 

man, train('d initially ;IS a Idephnne TIa'eh,lI1ie alld wa') <In adlninislralor in­

voh'ed in the planning 01' le lcph oJlt:' ,cn· i n~s. Hb. HlOlhcl" h ad hecn len in 
~11"ailen('d financi~11 ci lT UlTl stan ces wh en my gnll1d ra IIH'l' <; lIcClllllbe d lo p ncu­

monia clllring 11l(' !919 illllllCllza c.:p idc lI1i c. My ¡¡\lller CO lllllltll1i cated hi s 
fruslralion al nOI h av ing rt>('c ived all adcqu<l ll' 1'01'111:11 e dllca tioll and, wi th hi 'i 

SIHJng e rH'ourag-cm('lll, lhe cksirc 10 lean) and under~[and becanw Ihc m;~jor 

('O(' II S o frny life . Lind;l BylüH I \vas;¡ piano 1(',\C h e l' \ .... il o, \Vi lh lit.'!" 1\\'0 hrol ll crs, 

spelll mllc h or he!' voulh 011 tlw [( 'nll i" cOllrt. A rter marriage s h c ca r l'd rol' 
h er fami l)'. pla)cd ( :l lllpin. Dcbu')s)', and B cct ! \()\'l'I1, alld gn~w 1("eS, Shc: gave 

111 C an a ppn:'(' ial iOIl . ;lIld CIlIO[ iona! nt't'd rOl', c lassi c:-d 111 LIsi e, hllt did nOI pass 

o n Ihe gene' for ICll ni s_ n 1(:' Byford, \\'ere dl'V<lSlalcd hy lhe dt'alh oí" tlw del­
eSI SOIl, \\'ho \Vas c~ l p lur(-'eI;'1I Ih e rall 0 1 S ingapol'e and losl in a.lapancse trans­

pon lorpl'docd by an A lIl l'l' ican sllblll a rint:. I rClIH'tnbcI' rl1 y olher B)'forel 
IIIl Clt: ~ hi \'t:'r in g\\'i lll reCllrTelll malaria lhal h (' ('on ll";¡C led du.-ing t it e fightillg 

in "eh' Guin t"<l. 1 s h an' A lfn: d Nuber .. n )Jl\'i c l ion Ihal W~1 r is Ihe grcale~ 1 ol'a ll 
human disasler,>, Illfcc tioll s di~ea<;e rlln~ a )..{ood seco nd . 

My Iri ... 11 gcnc ti c h cri l<lge ga\'c 111(' a "el')' [; Iil" s kin , lIIaking lil e [ol;d1 y un­

slIi led rol' li k in a c il Y lhat is knowll as lhe lllelanOlua c lpi ta l 01' 111(' \Vo rld . 

This !il11iled In) panicip;l1ioll in Ihe ollldoor-o.-ienlL'd AIISII"lli .. n \Va )' 01' li re, 

and c;l\l scc1 me 10 'pend a g n ',lt eIe:'l! ()f limc readillg anylhing .md evcry­
Ihing, E.vc.:n '0, IIIl' A ll s tr;¡1ian lands(';q)L' \e l.'i al. our back doo!', tllt:'l'c were ad­

\t'nlure,> wilh hOIl\( ' madL' ('a n oe .... I played te n ni .. a nd ¡\lIsll~lli;¡n Rules fool­
ball, anel tllt' t~X I L' lld('d f~\lni!)' \\,(-' 1l1 10 Ihe be,K It fOI ' ;\1 k;¡sl Iltr('L' ",eeks ca e h 

year. T h e IWO Ih in g's tll a l I miss IlIos l wlt c n living 0111 ()I A ll s lralia arL' I.he bush 

and t.h e Pacilic (·oa"l. espc.:ciallv l-j,llillg ill the s lIrf al ni~ht ! :vi )' faLh e r had a 

workshop an<! 1 kan1 ed lO he a (';-¡ rpc IILer. a ~ kill Ihal h 'l' 1'C'sultcd ill the 
m ;lnUfaCIIII'L' Of ~O IlI C' \lTy sllb:-' lanlial corTe e tablcs alld a I ~lir ;Hllounl o(' lime 

working 011 houses. ]\1>' !Ilo:-. t <llllbitioll'i pn~j ("CI a s a tt' C' nag c.: r was Ih e CO II­

:-.lnlct.iol1 ora photogl'aphic <: lllargL'1' :Clnd darkn)Olll, hlll alllllt:' photographs 
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that I Look al. tllal rime <;eem lO h;\\'e been 10s1 afler lTl y fatber' s car ly dcalh (in 
1961) and Ilw sell i llg o[ 111(: fami Iy hOllsc. 

1 ' .... e nt to Ihc local Pllblic schools ,-ll'ld lVlcthodisl church. The COlllmulc lo 
the high school illvolved daily trips on a steanl train. I playcd baskctball, and 
v./as <l scrgeant in tbe anny cadel corps. Physics and c h em istry camc eas i! y, bul 
Ill)' natural inc\ in aLio n s WCI"C tm .... ards litcraturc and history. G¡"O\ving up with­
out Illuch mone)', howcver, a lso len Inc \ .... ith lhe conviction lhal I fl('edcc! lo 

gel some sor! 01' I"casonablc job. An oldcI" cOl ls in , Ralph Dol1eny was a bril­

lianl scho lal" who ,vas in Ihe pl'ocess of est,lblisb illg liimselfas a leading viral 

cpidcmiolog isl. \Vhal he was doillg seelned fascinaLitlg, huI my conlacts with 
lhe local gcneral pracLiLioners len ll1e with no grcat enthusiaslll 1'01" rhe idea 
01' following his path to medical school. A vis it to <-In "Opt'll day" al lile 

L'lIivel'sily Verel'in;\I"y Sehoo l ' .... as lTIy firsl ,'eal contact ,villi biology in the for­

mal se ll se: ¡h c sll~ject COllld only be stlldied hy g irl s in the Quecnsland publie 

schools 01' that era . Another Jll~jor influence atlhe lime of my malriculation, 

was tl1at I was reading Aldous Huxlcy, J e:ln !'aul Sart re anel ErncSI Il em in g­
waysillllllran~ollsly, I c1ccided lO bc Ihe Illan ofaClion I-ather Ihan the philoso­
pher, ancl rcsolved to gTaduate in veterinary science and pursue;-l ITSC"UTh ca­
n -'CI". Al this slagc I wasjust 17 >:eal".'~ old , and \\follld Iwobably have made a very 
difIc rent uecisioll if I liad beell mor'e malure. 

The then vice-chancellor ol' the Univcrsity or Qucenslancl purslIecl a polie)' 
of open admission, fr'om lhe conViClio\l Ih¡--I(" malrieu!alioll I'csu lts bore linle 

n~lalio ll sh ip 1.0 bter acaclemic perfonnance. As a conscquence, the "elerina­
ry school had a number 01' mature students \vho had worked in lhe bush, 

wh il e more than !)O% (lTIoslly sch ooll eavcl"s) clid \l OI make il pasl Ihe exallli­
lIations al the cncl of the fint year. This was onc 01' l\VO "eterinary schools in 
Ausu'alia, and t h e survivors werc joincd by:l spcclrum of s I uclen t'i frolTl ni h er 

stales, ;\le',,· Zealand ancl south-eastAsia (uncle l" the Co lomb() plan) al lhe he­
ginnillg ()[ye;-\I' t\V() (lfthe Ave-yeal" pn.>gram. Being exp()sed il) tllis rnilieu, l<)­

gether with spending the long vacaljons ernplo)'ed on shecp and c€lule prop­
enies atld <;ecillg practice , .... i1.h rural vClcr in aria n s, caused mc to gn)w up 

quiekly. 1 soun discO\'el'ed that I had ¡iuJe inl erest in sm;-l ll animal medicine 01' 

Slll-gt' 1)', lull ITlaitl a sensc of lIoslalgia rol'" '-he satisbction and physical c hal­

lcnge of\\forking Wilh large domcstic animals. 
The "cle rinal"y school ,,,'as st;-tllecl by a raidy yOllng gl"OUP ofle<Jehers, m;IIlY 

ofwhom h;¡d stl"ong rCSC<lITh baekgnlllnds. <:ouI'ses in Ihe physical scie llct's, 

/.oolo!-.'1', botany anrl hiochelllislI-y \vel-e lallg lll fnlln lhe sc iellce facully. ;1Ilc\ 

physiology in lhe medical Sc!1001. I was illtroduccd to th e principies nI' ccoln­
gy in firsl year /oolog)', \ .. , ilh lhe commilmelll of In)' pI"ofessol' lo m,lrine bio­
logy ¡¡Irnosl ca llsing me 10 switch lo thal. disciplille. Illfecliolls cJiscase \Vd .... 

I.allghl bY.lohn Francis, \vllo (:(1I111l1Unical.ed great enthusiasrn lo!' research , 
and irnmunology b),' ,-he pal'asilologist .. J.F.A. SprenL Anolh cr course lhat in­

flllcnced me slrongly was populalion genctic~ given b)' G1cnorchy Mac!3I'ide. 
I also read F.M. Burnel and R.\t1. Stan!ey's books on \'inlscs, some of BIII"Ilet 's 
\"Tilings on imlllllllolo¡:,')' and ClIlcel- ano w¡-ole a tinal year thesis 0 11 lhe UV­

induccd squamous cel! carcinoma (callcer eye) 01' Hcre f'ol 'd caule, Bunle"s 
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lt'leo logical Dan .... ini s lll . th e iclea that lhe hody io,; a set of eco syslcm s ane! lhe 
reali saLion Ihal good scien r e illvolvcs qllanl.il<lIion have s la)'ed with me from 
III0sl' car l)' days, 

,"\fhen 1 gl"ad lla l(~d , 1 Wélo,; conlTaCle d (under 111(;' le nll s of a "bondecl" SdlOl­

arship) lo \ .... ork for severa l yt~ars in Ih e Qllccnsland OCpar'lTn e nl of 
Agrinrllure and SlOck. I ex prcssed clllhusiasm lür laboralory-basccl re~carc h , 

so lhc Depanmellt irnmedialely se nt me lO 1he c Ollnll"y a s a l"ur;11 ve lerinary 
o fTicel". I spcn t SOI11(' monlho,; driving lal'gc di<;'<1nccs lo pO 'i lmOJ"ll'lIl cauJe ~md 
pigs thal hacl died of unkno,," n OUlses , ancl lo sur"cy ("<1ll.le fOl' \'al"iolls velle­
rea l discases, This rcsultecl in rhe diagnosis of Trichomonia 'i is in an arca 
wherc it. \ .... as LllouglLllhat c OlnplcLc enldiGltioll lIad bee tl a("hie v(;d. Re aliJ:illg 
thall was a dallgel' 10 Iheir reglllato l' )' effun, lhe Oe pal'lme nl C]uic kl y 11I"o ug hl 
me b;¡ck lo Ihe s tate v(' ,erinary labol·awry, Ihe An ima l Resl"arc h III <; tiltll.e 

(AR1 ) , Yee ron g pill y. M }' t~l ,>k \ .... as lo con dllCt a large-sca k , eX ll:l"Ila ll y-fllnrle d 
exp e l'imenl on lhe epidemiolo h'1' 01' bovi ll <:' leplo!'>pi,'os is. This projecl ill\'ol ­
ved injec1 i ng seve ral cows v.'i t I1 {1jJtoS¡Jira !)()IIW11t1, l h e n walc lling ¡Ilt, .sprc~lrl ()f 
Ihe di ~e ¡.)se Ilwoug houl Ihl' ¡wrd , I bccanlC adept al c!ark-fldd lIlicroscopic 
analysis of urinc fOl ' !'> pil'ochcles, Ihe hi s lo lo h')' of Ih e b ovine kidney and Ihe 
se ro logical le'> ' for" lli t.' orplIlism. This \ .... ork \Vas sublllittcd fOI" a m asler's l h e­
s is 311d published in locaJjournals. I was also invoh'c d in li le diagnoslic \"t.'te­
rin ar}' p ;-tlho\o!:-.')' se r vice. 

Th e A RI \vas in lhe proccss of cSI~lb li shing a f:lc ilil )' for diaglloslic virology, 
a nd had c lllploycd a ver}' allr<:lC"livc )'(Htng m icrobiology g rac!wllc. Pl'nn) 
Slcphens, LO d cvclop lhe laboralory. \,Ve marri ed in 1965. Knowing ofmy il1 -
tl:rest in vir"o l( l~')' lhe ... \¡Zl Dil,tClOr, I .es Ncwlon. se nt me 10 Ylelbo urn e lo .. six 
weeks 10 Ic ;¡rn ba ,>ic lechniqlll:!'>. I WOI'kl'd wi!h Tob)' SI. George in Ihe 
ComITH)Il\ .... ealth Sc ientific and Industrial Resea l'c IL O I'ga niJ:a!i o n (eS IRO) la­
hora!OI'y of O ... LL. FI'cnch, spenl time in ¡he vin)logy g roup al Ih e Com­
monwea lth Sl:l"llTn Labol"a lo l"ies and (e n I"o llte) vis ilecl F.J, Fenn e r' s Depan-
1l1en! of ;\!ti c rohiology . 11 Ihe .John Curlill Sc h ool 0 1" Meclic-iI Re,>ea rch 
UCSMR). Callbe lTa. Tlle lalle l' W;¡!'> llIoli \"a led by lhe desirc 1.0 meel C.A. 
;vliIllS, who.'lL' "'ol'k Ol! vi"al palhogeneo,;is had co n side nlbly influen ced rn y 
thinkillg: ahoul di.s<''' 'c p,·o("('sses, 011 re!1Lrning 10 Brisban e, 1 rca li scd faidy 
cluic kl }' Ihal I ;lIn an expt:ri Hlenlalis! a l IH 'arl . A careel' as a cliag noslic vi l"(>lo­
gisl \,"as nOl ti)!" m e! 

I lri c d fOl ' ,1 Ph .D. 'ic holarship lo work \ .... ilh Cedric J\:lim 'i, hUI \\las l.olcllo ap­
plya!{aill lall"l" becUlse he ah-e<tcl} had a "schol<:u'" <lllcl \".·ou ld lake o nl}' one 
sludc:nl al ¡¡ time . At abolll Ihe sall1C: linK' 1 gO L lo kno\\l.l,A. RolX'rLs, who had 
done a n t:xcdle nl ser ies 01' expcrilllt.·nts \\lilh '\'lilll s on !.h e eclrolllt-'Ii<l IHoc\el 
and had l"ecell1J)' I"CIl1l"n c:d rrom C Ol"lle ll to a po~ilion as ;¡ reseaJ"ch pal";¡SilO­
logis! in lh e ( :S IRO lahonuo1"ies on lhe Ycerong pill}' Sil l.' . .loll11 Robe!"! s lolcl 
m e thal h e hacl bec lI ver}' imprt.'ssed by a vis il lhal. he had lllacle lO lh e 
Morecl un Resea rc h Inslilul e in Edinburgh , wh e r t' thcre \\las a lI1ajO)' re<¡earch 
e fron on sc rapie , the lhen c llig malic "slo\\l virus" discase. The MOl'e dull also 
lJ"a in ccl gnld llale s ludenls. who were arti li a lcd wilh lhe U llivc rs il.y o f 
Edinhul'g h , 'rhe fol1owing week a job in lhe Oepannwfll 0 1" Experimental 
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P<1lholo)4)' al Ihe l\'IOI"cdun ,vas adV('["li:-'l'd in lV'olurl', W'c s<l ilc.:d fOl' Brilain ill 

early 1967, on a ve r y .o; low ;-¡nd c h c ;¡p shi p, 

The experimcnlal palhology rosilion al tlH' MoredllTl n:q lJin: d ,hat 1 do rc­

search alld ilclp 10!'llll Ihe diagnostic nt.'urop<llJ¡ology progr,III' tha! Ihe in­
.¡titu le openlled ror Ilw Scoltish VClcrin:u'Y IlI vcstigation Scrvict". I leanled 

neul'opalhnlogy frH ln lile head of lhe c!eparlTnenl, R. :'\'1. Bario\\', '-Illd fJ'um 
HlIg h Fraser who wa .. doing sem inal s ltldie 'i ",ilh Alan Dickill~on defining the 

gl'nt'l ics of Ih e :-'<Tapic rn Ollse model. Diek.. Badow alsn lall~~;hl m e lO ,,'rile 

cle • .II', conci"e Engli:-.h, My illili ~d inle nliun \Vas lO ,vOI"k on sh ccp scrapie, hUI 
I quickly I"ca lised 111 .1 1 II,i s was not a goocl projt:'ct at'ca for <In t'xpt~ri¡ne"lalist. 

¡vi)' abiding inl<..')'(:sl in infcctiotl s disease ca llscd me lO fOelts 011 Il"w li ckbo l'll C 

lI<'Ivi\'II"1IS, louping-ill vinls, which was Ihe.:'n I'cgarded as PI'ohlt-lnatic bCCélllSt:' 

01' COlICeJ'T1S abolll lhe s;lfe ly of ,h e "¡¡ccine, lirsl dev(-'Iopt'd <11 Ihe \10redun 
IlJaIl} )'ca r" previou:-.ly. I enrolcd <lS a pan-linlt: g radll<tlc :-.1 lId t., n I al lhe 

Clli\'CI'~il} or Edinbllrgh medical schoo! and, after I h ad bc.'cn working ",ilh 
Ihe dnls fOl ' "0 111(' time. developed a collahoration ",ilh ;-motller young \'(."Ie­

rinar}" gradu<lIt', ¡I.VV, Rt'id. Ilug h Reid did lhe dl'olog)' ,lI ld "(.' l'ol0J:.,>")' aspecIs 
01" Ihc enslling o;heep t'xperimenb. wltile I cO ll ce ntraled (In lig lll alld ultra· 
.o; !t·uClllI·al p<lIholog)'. P<!r! or I-Il1g h 's role ,vas 10 test nl )' hlood fOl' lhe pres­

ence of "i!'lls and C\lItibody when I injeclcd m yself in Ihe fin ger, <In inad\'er­
tent hllm;·tn t:'xpt 'l' illlt'111 lhm I later '\-TOle up fOl' lhe Lfll1 ("f'I . 

We g rca tl y t"lljoyed li\'ing in Edinhurgh . Penny worked \ViiI! E.C.R. Ree"e al 

lhe Ins lilule 1'01' Ani m01I Cenerics IInlil Ihe binh of 0111' two son .. , Jame:-. and 

MichacI. The ¡':dinhurg h Festival and Ihe TI';l\'el"Se Thcal.rc wc..:n,:.' high poinl:-' 
and , for Ihe fir:-.I liHle in my life , I could o;pC.' lI d lhe \\'hole day ollJ.'iide withOll1 
Ihe penalty Of:-,ullhllrn , Ollr long vacalions WCI'C IIsed fOl ' cllnping holidays in 

Ew'opt', including our first t["ip to Scandinavi;l :Llld Stockhol¡ll will1 a young 
ch ild in 111(' h;lCk ofa Volk:.",'agen van. I \VI'TI!. lo n~terinar)' res(',lITh ;lIId ncuro­

pa lholob,) Tnt:'eling .. , alld we ca m e very c!osc 10 sla}"ing perll1anelllly in Britain. 
E,"ic Fn:-n ch ,is il ed Ihe Moredun. and I-aj"ed the possibilily of"a ptTlmmcllt 

appoinlmenl ': n lhe.: ,ctcl' inal"y vi ,'olo!!.)' group al lhe eSIRO labonHol' ics in 
l\lclbourne . .-\1 abonl Ihis time I 11<.':-1rd " s('mi n ~lI" by M{'I Cn .. ';w('" ar lile 

Mt:'lchnikoffClnh, 'In Edinburgh gl'Ollp organi/.:ed b y Spcddillg Micklem and 
Angl!O; Slewan, Ihal ('onvinccd me I Ilad no reo\1 underslallding of'conl('mpo­
rary immunolog)'. Ct'dl 'i(' \tlims also G un c.: Ih¡'o[lgh <lnd I' llkt'd ;Ibnul lhe work 
lhal h e and KV. HI ;l!Hlen had hec.:1l doing (In T ceH rc.-'spOll st'S il1 \'iI"lJS illfec­

lions. Shonly af"tenvanl:-. a.iuniol· acadc.:ll1ic "ppninlTllenl wa ... ad\'t.'rli ... ed in Ihe 
Depanmenl of M ic¡-obiology al the JCSM R. \'.' ilh ajob (\e<.¡cripl ion 111", scC'm­
t:d lo fil lile n . .'<I<.¡ollably "'ell . F<:'nn<:,," s SII CCt':-...,O I· as heacl 01 Ihe dcpanmt:'nl , 
C.L. Ada, h ad a("\lIal1y \\',-illen il. for Ik,h HI;lIldt'n. hlll offt.' rt'fl m e.:' Ihe onl) 

othel' po"ilion lllal he h:ld ava ilablc, a po .... tdocloral feJlo", .. hip 10 work will! 
Cedl"ic Mims. I lell m )' permancnt rt.'':icarch pnsilion, and t.ltrnt'd clo",n lhe 01'­
fc r of allother. 10 I;\ke this opporttlnily 10 learn basic immllnology. ~:l y long­

lenn intention w,,:-' 10 rclurn lo vf"lerillary I"CSCéUTh. My ollly f"Ol'lll,t! in\'olve­

mertl in Ihe v(;'lcrin¡¡rywodd sillce Ih cn has bt.'en lo sen'c ( 1~)H7- 100:l) on Ih e 
bo:ud of ¡he Inl <..'I'na lional Llboralory ¡t)!' Research In A"i tllal Di~ea!>es , 
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Nail"ob i, Kc n y;-¡ " T hi s ,va,<; a n c n o nno ll sly bro adenin g experien cc. and 1 learll ­

ed <1 grea l cleal rro lll ( in pa nicular) my Af,"ican co ll cag ll (,~" 

\'\fe m oved rnml Edinblll'g h lo Ca nbelT<l in Den.'mbe¡- 1971" Cedric MilllS 
had b y Ihell dec ide d lO lake Ihe C hair in Mi c m b io log)' ; 11 G u y"s Il ospilal 

l\tlcdi<.·al Sc hool ~o , lhoug h \Ve overlapped b )' six nlonlh~ 01" so , wc did 'nOl e"er 
fOI"lTla ll ) wU\'k logelher. Al lirs l I sLUdied Ihe palhugencsis orSem liki Forn l vi­
I"II S in!<: Clion in Ihe 1ll0U ~C. Ihcn swil c h ed LO lil e IYll1phocytic cllOriornclli llgi t is 
" inls ( LC MV) modcl w hic h was a n lll c h more powCd',tl loul rol' immllllologi­

cal a nal)'sis" I flrs l III CI Rolf Z in k<.' r nagel w h c n h e arrive cl lO work ,,' ilh Bob 
Blande ll in 197 :~ , and Cordon A(\;I (fO!' Sp;ICC re asons) nloved him illlo Ih c )¡¡­

bO l"a l()I')' 'vith lne , \·Ve ~ll s() ¡ivcd irl Ih e S<l IIH:' Ilnivers il }' hou~il lg compl(' x, ane! 

sha¡"cd r ieles lO Llw JCSM R Wilh a ph)'s icisl '"rum T,"o ndh ei lll , a Japan cse phou­
n l<lC"olngisl . a nd a hiodlClll ist ( l3.ob Gerd es) w h o i ~ now ,vOI'king a l rll<." 
Karolill ska InSlillll C, T he SIUl"y ufollr sc icnlili c inl c rac tion Ihroug h th ;tllimc is 

lo ld in Ihe accolllp<1I1)'"ing anicles , a nd ill an aCCOllIH lha!. \Ve ",roll' joi n rly 
:o.o lll e lillli.' back Illal is )et 10 appca,' in "Jmmun o logy 'T'oda)' ·". \¡\'e wcrt.' Ihcn 
(and ll ave rcnuincd) good fri c nds, I.hollgll \Ve don ' ] ;thvays ag l'ce 011 cvcr )'­

Ihing" 
The b a:o.i s of Ihe "single.: r "ce lJ ITCeplOl' ahcn:;'d selC' h ypOIhes is was raid}' 

muc h worked OUl b y Ih e time o f the Second Illl c rnaliollal Inunul1 o logy 

Mee till g in Brig hlOn, England. I Iravc le d through lhe L"nited S tates ami gave 
Ihe s.une: tal k in aholll ~O in s lilll l lO llS. A m o llg m }" h ()~ ts "'ere A lan Ro..,e l11 hal 

a l N II-I , 13clhesda. and 1);1\'1 <1 Kal/ al Il an"ar(1. 1 abo l1lel Genc Shcarc l", wh o 
had n .'sull s com para hle Iu ou rs wi lh hapl c natcd n'!ls. Tilis \\'as proh'lbl )' tia' 
fil"q tillR' tha lll lc imlllll no lof.,') c ... labli shlllcnt becalll e full }' aW;l I"(' o f ",hal \Ve 

wt.:Te sa)'ing-" O n r ideas bodl conln l(\icled lhe acc<_"pl("d North :\nwl'Í COI II mo­

del fO I" th e role 01' imllllllH' rcspons(.· gene:o. , ~lIld tun H:d lhe perccplioll 01' lhe 
tran~p l antation sys lem 0 11 IlS hcad, Many 1J<.'oplc ha\'e LO ld llle rca r" lat e r t h <:ll 

Ihe) h card l hi !'> se mina l". ("amc awa)' wilh the scn sc lhal lh e findin gs \\'l' ,'C s ig ­
nificall! , bU I did nOl rllll y grasp the import o E\"idell ll )' sO llle hlt'n_" ¡-¡ Iso infuriat­

c d b>' \V II :- rt we ' .... (Te saying. Ro lf Iravelcd IlIO"e cX IL: Il"i"c1y lilnHlg h E.l lrope, 
and I a l:o.o \' isilcd a nlllllber 0 1' in s litlllio ns in Enl-{bnd and ll-av('led lo 
SlOckho!1ll to s ¡:}('¡¡k lo Gúran <l ll d Enl a Mó l1cr ' .., gTOUp ;11 l he \\'a ll e nberg 

Labon uol'Y in Li lla FI"cSGlIi . 

Dcspil c Ihe raC! Ihar we h;\(1 madc a m~júr h l'cakthrollgh , Ihe I' igid itics im­
po:o.cd b) Ihe cxccss ive u se of tCIl u red conl raClS Ih n Hlg h Ih (.' ead ier )'caJ"~ a l 

lh e .I CSMR had made <ln y prospt'c ls of long·,cnn ¡¡ppOinllllt'n !.s IIH're fa id )" 

rClllolt;'. Ro lf acce pled a f ~l c ulty »ositioll al lhe Scripps I n~l i lll le" alld Ilila r)' 
Ko p,"u\\''ik i ca lled u n Ill} ~<lI h binhday lO uITe l" m e ~1Il Assoc ial< ' PI·o!t:sSOI·:o. hip 

oH l h e \"·i"lal' In "lilllte. 1 had " is il cd ¡lila,' Y, who was <l g(loe! I"ricnd (JI Ccdric 
!''-'lim .... d urill g 1lI )' puhli e il y tour e n route LO Brig hlon ca rli cr ¡ha!. )'(,<lr. \., '1.' 

Illoved lO Philadclph ia in 1975" <llld 1 ql.l ic kl y b eca lll t' II1\ol\'(:.'d Wi lh t h e OU1-
~ta n d il lg 1Illlll1l1lology Gradllale (;rollp h ead e d b y Darcy \Yil s()n and NOI"m<'ln 
Klinm<-lll ;11 ¡he U lli\'c rs il ): of Pc nll sy lvania. T h c \'ViS(a,"/ Pc nn axis W~l" ~I hig h-

1)' inl e:racli\"(~ , and ve l-y ope ll , inle llec tual e n\'irOnllWnl. I col la bo raled cxlCIl ­
s ivel )' wi th \\";111 ('1" Gcdlanl o n the influc n za ll1odc l, did SO Il\(' cxperi rnenls 
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wilh lhe lale Tad WiklOI- in Hilal-}' Kopn)\vski 's rabies pnlgnHIl ¡¡lid \Vas pan of" 
a largc. campus-widc mlllliple sc1e l-os is I-c sea rc h e flo rL Ilalkcd a Iul wilhJon 
Spn'.·IlI, the ",on 0 1" m y panlsitology proressor in I3ri sbanc. wllo l~lught me ho\\' 
lo do Iymph dUCl cannllla(ion in mice. Pe nn y wenl ba('k lO sc hool , and devel­
opcd a n ew ca ree l' in Ihe al-ea o r d ru g' info nl1<llio n . I wrOle granls. ,,,'as <l mem­
be l' 01' Ihe imlflllnoloh,)' cil'cuil, worked Wilh olllslallding graduate stuelenls 
and bccamc an cSlablished scienlist and academic. 

My se l" confide nce was such tha!. I made I h c T1I ,\j(lr mis l;¡ke of a ccepling an 
olTer [O rClu rn lo lhe J CSMR as Il ead 01' lhe De partll1 CIII of Experimental 
l'atholoh'Y, inlcnding to bllild a vital program cornparablc lo lhal. Cordon Ada 
had bcen ab lc 10 c rea le in lhe car]y 1970's. Iloweve r, lhe e ra tha, rhi s \.vas pos­
s ible had passed , and m)' decision w¡.¡s rfIadc on e lOol ional grounds ralher 
lhan on l il e basis orwhat '\las aCluall}' bcing o lrc rc d . Tll e less sa id aboul thi s 
lim e ( 198~- 1988) the beuer, as 1 am slilllr )'in g lO gel Lil e ovel'all cxperience 
in p e rsp cc ti vc. Th e mOSl posiLive asp ect \Vas rn }' inlel-¡,¡ c lions wilh som e excel­
le nt colleag'lIcs, paniculad}' J a ne Al1an and Rhodl'i Ceredig. With the passagc 
or lhe }'eal's, th e I'elire menl of many 01" lhe le nllre d sta rr, lhe adoption 01' a 
mon.' f1 ex iblc appoinllllenl slrllclllre, and the re tllr-n li-om De n ve l- <Jr Kevin 
La ffe n yas Director, lhings al. lhe .J CSMR an: n o", W·c;-¡t.ly improved. Al lhe 
stagc fh a l J \Vas lhere the silualion looked hopclcss. l d ccidc d lO Illove back 1.0 

a scic ntifi c wor lel lhall knew l cou ld handlc. 
The o pport.llnil)' 1.0 n~build Illy rcscarch ca ree r' ca m e ",i lh lhe resources of~ 

ft.:red 1.0 !TIC byJV. Simone, lhen lhe DirccLOI' orSI..It1dc C hildren's Reseal'ch 
Hospita l (5! JC RH ). r h:1d (1" s t vi s ite d SJCRr I (hu'illg' m y swing lhrough rhe USA 
ill 1974. Al lhat s lage it ,vas still a small ins titution, ",ilh a strong virology dc­
panrne nl hcadc d by AJan GI·anoIT. J'\--t )' contaCl \\'as "la Rob \·Vebste r, who had 
Iraine d with Stcphc n Fazekas de St. CI-olll in Fnll1k Fcnne r's p"ogram at lhe 
J CSM R and re mains a c10se colleag ue ol' lhc .JCSM R vinllog isl , Cracme Laver. 
AJan and Rob e llginecred my move LO M e rnphi s, and Rob has been an Olll­
s tanding f¡-¡ene! <.tnd collaboralOr. This is a supe r'b, ope n. rcsearch envi"on­
m e lH, lhal is eXlreme ly weH fundecl . The Iwo problcms are lhal lhcre is loo 
muc h slInshine, and Ihal ' ... ·e are 100 far 1'1'0111 th c Pac ifl c Ocean . Sllch is lil'c~ 

My c harac te ri s tics a s a scienlis l Sle m frolll a non·confonnisl upbl'inglng, a 
sen se 01' be ing som e dling or an outsidel-, and Jooking- f'o l' diffe renl perce p­
lio ns in cvcl'ylhing fram n ovels, lO an to ex p e rime ntal resuhs. 1 like CO Ill­
pl cx ity. and am delig hted b}' lhe unexpecl.ed . Idea.o; int.ercs l m e_ I \\'as inOu­
enccd cad )' 011 by re ading Anhur KOCSllcl' and Ed""ard d e Bono_ and more 
recen ti)' by lil e wrilings 01" K..:"1.d Popper a nd Thontas Kuhn . My rcseal'Ch c a­
ree .. has bce n hig hl y unconvcntional, and I have n OI bccn a full -time sruclenl 
in Lh e acadcrnic sensc since I was 22 )'ea .. s o ld . I h ave lIe vel' had a powcrful 
m e ntor who sa"" me as lhe produCl (01" co ntinuation ) oí' hi s pl'ogr'am, a si LUa­
lion lhat pl-obabl)' hclped to determine lhe OUlcome oí' m y l\ .... o aue mplS lO re­
lurn 10 All s lralia . Inte l1 ec tually, I m,u'ch lO Ihe be al 01' my own clrlllll and 
have Hule inleresl in compeling in "rac es." The l'c are lOO fe\\' people '''''o rking 
in ¡he are~l 01' vira l pathogenesis and immunilY, LOO lilll e fllndin g, too many 
probl c m s ~lnd loo liul e time. 
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CELL MEDlATED IMMUNITY IN VIRUS 
INFECTIONS 

Nobel LC ClIlr<:, Dcccmbcr 8. 1996 

by 
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SLJude Child ."c n 's Researc h I-Iospila l, Mc mphis, TCll nc:-,,,ec 38 104. USA 

I :--JTRODUCTION 

\tIa ll y l ey nHl ccpts conCt~ rni ng 111(, na lun .. ' 01' illlllllJ n ity have odginatcd hUITl 
lhe ver}' p" o:lC lical !l eed lO control virus inrcction s. This )'ea.", 1996, h as bcell 
cles ig nated ril e "Yea!" nI' lh~ Vaccinc " COIllIl ICIT10\'0lIing Lile ~OOth anllivcrsary 

01" EdwardJc nner 's vaccination of'James Phipps wilh cowpox virus. and 'iub .. 

!:>cqll c nl challcnge wit h sm a llpox virus. IIl ~ ig hl ¡nlo lhe n;tUII't:' ofvi nlscs. alld 
liow vir llSCS inlerac t , ..... i'h rnatlltnaliatl cc l1 s. has cvolvcd s incc tlle rurn 01' lh e 

cCIlLury. Qllr concepls of illlmllnil)' dc\"clo p e d cOJ'H..:urn.: nlly. beg inning with 
Pas lc lIr 's tn.:¡tlment ofJoseph f\1e issner , ... ilb "aged" I-abies \·iru~. A nLihod Y- llle­

diatcc! prolcction co nrerrc d hy auenualcd, li ve yt:1 1o\',: rever virll ~ \VOII lile 

Nobcl Pl"ize rol' M;-¡ x Theilcl- in 195 1_ PCI-haps lhe rnO~1 excilinl4 are~l 01' im­

Illunolof,')' whcn I g radualec1 frorn Ihe U nivc l·sil)' 01' Quccll sl<tnc1 Ve le l'inary 

School in 196~ ",as ¡he nattlrc ofvirus !"H.! utraliz<ll.ion ( 1) . a topi c that is s t.ill 
being I-csolvcd with the m o noclo n a l anlibody (mJ\b) tecllnology o.-ig in a led 
by G eOT-gcs Kühlcr and César Mil sLc in (Nobcl Pri/c 19I:1f». C r-ys lall ograp hi c 

a n alysis 01" illrJueI1l: \ vil-us ncurarniniuasc- rnAh compl cxcs, ¡lnc1 va ri;lnls 01' 

neul<-lIl1inidase selccle d b y mAbs, lec! lO l il e clear d e lllol1 slnniol1 thar I g: 11101-
eCll lcs nonn<¡J ly bine! 10 lertiary SlrllCl I.IH! on prol.c ins (2)_ 

The prescnl award is fO I- 0111- di~cO\'el- y (3-6) f"n)m expC¡-imellb ",ilh Iym­

phocyti c choriOl"ne ningitis virus ( LCMV) lha!. Ih e natun.' of T cell-m ed i,ued 
immttnitr (CMr) is c sse lltially dif(c:renl, roc using on lile rccognitiol1 0 1' cel!­
slll-f;-¡ ce m~~() r hislOcompalibility cOlllplcx (MI le) g l)'copl-o te in s lhat have 

becn lIlodili cd as a conscqll e nce oí" infCCl.ion. 1\1 )' intention h e re is LO place 
these lindings in hi s tor ical conlex t. and lO d e vc lop sOllle aSpeCL'i LO lhe prc­
senl d a)' in Ihe COl1lex t of"ira l immunit)' a nd P;llhology. 

THE AUSTRA Llru'< SCH OOL OF V IRAL PATIIOGEI\:ESIS 
A N D IMM CN ITY 

T he streng ths in bOlh virol0f,'1' and illlllll.ll1010gy all.he.l0hll Curlin School 01' 

MediG1I Reseal-ch (fCSMR) wh el-c \\le did lhe LCMV expcr-imellts wc re a di­
rcCl consequc n ce of"them cs d c vclopt:d in Australia by F.M. (S ir Mac ) Bllrn e l. 
O ver a period of lllore lh an 20 yea l-s, Sil- M ac bui" lhe Wa ller and Eli l.a Il a ll 

Ins li lLU e ( 'VEIII) in Mclbollnl C ill to a lIJ ~~o r inl CnlaliOllal cente r fOl- virll s 
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(p<lrlicularly in/lucn/_a) n:.:search. In Ihe bit:' 1940's lhe onl}' pel'son \vOI"king 

lhcrc on anothcr vil' lIs diseast:" \vas F'nlllk F'etlIH:.'r-, wlto al Bunlel'S :-'1Ip;g(,slion 

sLUdied lhe epidcrniolo.L,,)' ~llld palilogent'~i,-; of" cClrome!i" (nHllIM-'pOX), 

Following BW'IlCl 'S deIlHHlSII"<llion Ihal l'ClrOlllClia conle! be litnucd by poc:k 
<l'loSely O!l chick chorio,dbllloic 1lJ(:'lld)f"aIlC, Fcnllcr die! G1I'elül (l'lalllil;rlin' 

swd ies nI" vi rus d i~1 d hw iOll i 11 a r;¡llge of IÍsslIe<; (7). I lis conclllsion \Vas 1 I!al 

dw vinls replic:ated inilia!ly al the site of inocul;llion in Lhe dcnllis, Lilell Lile 

H'gionallYlIlph llueles, then gcncralizce! ,"ía lhe liw_'I' alld splcell, <llld agaín LO 

¡J)(' skin, vvhere it proeluceel a slllal1pox-like rash, Ile also lIoLee! Lhal delaycd 

Lypc "alle'),,')'" appe<\rcd ear-lier rhan serlllll alllihody, In 1949 Fcnner bec¡llH' 
head (lf Ihe Dep:lrtIlwlll of Microhiolop;y ill lhe .ICS.\;lR al Ihe ¡\lIsll·aliall 

Nali()Ilal UIliw'l"';ilY, which hadjusl been formed I;.rq.~" (-'ly as a ("(1I1~C'qllence of" 

inili<Hive~ laken by Sir Howard (Ialcr Lord) Flon'y (l\ohcl Prize 194:,), 

rellner· buill a ver)' sll'ong centCl' fOI" viroloh'-Y I"<'.'-;('<-Ir.h. 

In 1957 , having jllsl l'lIuncialt'd Ihe clonal SckcLion theOl' )' (H), l~lln1Ct 

aballdoned \'il'olog-y al\d 1"c-din'cled lile W"ork 01' ¡hc \t\'EIII In hasic illllllllllO­

logy, a rOClIs COIlLÍIIUCel '''·¡lh grcat dislinClinn hy his prOIC::'g{' eJ.v. No.;,;s'l!. 
::--Jossal l"l'cruilcd.J,F.A,!', 1\·1ille1'. who eSlahli<;hed a "lrong progl·alll in 'I:'cell im-
1Il11110Iogy ¡hal wa;,; lO han __ ' 1II,,~jor influcncc bOlh 10u¡Jly and 01\ ti\{' inlerna­

lional scene. Some ollhe \-VElll virologisl.s.ioilled Fcnner's depanmenl in 
CanbelT<l, One 01" ¡he I,'w n~lIIaillillg in Mclbourne was C.I. Ada, wlto 

~ .. \'ildl(-'d lo illllllllllOlogy. Cordon Ada lhen moved lo C,1Il1H-'IT<r in I~)()H, 

rt'placing Fenner who had becotllc Directol" oftlH.'.J(:SMR. By Ihe tinlc lhal I 

arrivcd, lhe microbiology ckpanrnent in Canlwl-ra h~ld a slrnng· ,'e~e;-nch el:" 

Ion in immllllo!oh')', illlerfacillg wilh Lbe vi,'uh)gi"ls n :_'maining rnnn Ihe 
Fellller era, 

Fcnncr's CCII·omelia mod('1 \V"S slIbseqllclllly pursued <11 lhc.JCSi\!lR in rwo 
\Vays Ihal ""cn' lo intllll'llc(:, Ollr disco\'ery, The first \Vas lh,1I C .A. Mirns tllad(~ 

cxtensi'"e lIS(' of Illlorescenct' l1licroscopy lO def-j!le pauerns 01' virlls gnl\\"1 h i Il 
dif{,-'relll orgall siles (~»), hclping to keep lhe geIH_'r'al ,In'a ol"whole-anilllal vi­

ral palhogellc~i<; alive lhrough Ihe 1960's, \.,.-hell mosl \"il'()lo!~isl~ (following 

Enck:r's, \\'ellel' <lncl Rohbins, Nobll' Prin-' 1~1.::; -1) lurncd ¡heir attelllion to /" 
v itm lisSIH' cllllll)"(~ syslellls. Fellner's final cOlllribulioll lO exp(,l"inH:" ntal vil-al 

il11l1111110!Og-y \Vas 10 recruit R.V. BI<1nden back lO Ausll'ali,1 fnHll 111(" Trudc"HI 

IIIStilLlIf', \.,.-here he had beell working wilh Ccorge Mackalless (a rlon:) 

traillee anel lormerJCSMR scienlist) on Ct\·ll ill hacLc.-i;tl illlt:ctions (10). Bob 

Blanden <rpplicd Ihe ;-lppI"oaches Ihal he had dn-cloped wilh Mackó-tlll's:-, lO 
Ihe eClnnne!ia model, IIsing bolh adoptivc lr<lIlsfc'I' expel' irnellls ~lIld dcplc­

liol\ wilb <Lnli-thylllocylc scrUl1l 10 silo\\' lhe C!"llCial I'ole 01' T lylllpll(>C)'les il] 

conlrolling lhe infcClion (ll-I~). 
I h;-tcl followe<[ Miln'~ papcl-s for 111<111)' ycars, ancl relurnccl lo A1ISII',lli;¡ 

from Edinhlll"gh allhe ("lid of 1~)71 lo work wilh hilll. He heKI w,:II"llccl me ,hal 

he mighl he 1Il00'illg lo a ellair in Microbiology in Londun, and len lwfo!"t' 

Ihe elld of 1972. I inhcriled hL" laboraLOI'y, his h-'chnician (Cail Essery) and 

lhe LC~fV Illodel lh;ll had Ix'en bn)llght lo Callbc lT<I SOlllC ycars befon __ ' by 
Friu. l.ehlll(lIln-Cnd)c. RolfZinkernagel arrived in 197~), 10 \v"ol"k \Viril Blan-
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den 0 11 CM ! in S;\ lnlOllt'·llo .. is. DII(.' lo ,"pace n·(lui,'e lll CI II ..... (;01"<1011 Ada 

m o\'t'd Rolf i 11 to du-' labora lol')' ' .... il h nH..:, \\'11 ieh is 110\\' ou l' C()II <lb ~ 11 a l i on <; lal-I ~ 

ed, Ro lf ' .... as I<t ler 10 use our cXpl'ri nH,' J1tal dala fOl ' hi .. I-'h ,l) , IIH' s is bul. 

Ihoug h I lwlp('d IIilll w ilh Ih (' w rilill g", tlH:' n'I;O¡ lioll Shi p W; I .... alw;-I)' .... ;1:-. e q ual c ul­

Icagu e ... r<llhe\" Lhan ... tlpen·isor alld s ludcllt. 

EARI.Y EX I'F.RI YIF.01TS \\'1'1'11 I.CMV AND TIIE DISCO\'F.RY 01' 

MIIC RESTRICTION 

;VI )' initi:!1 foclI ... w ilh Ihe I .( :~ I\' nHld e l W;-I .... 10 c011lbine (·ollternporar) ·r .. n :, 1I 

illllllllll Ology ;lppro<lc h es will, Ihe capacily 10 CjU<llllilalc inllallllllatol'y P:II110-

logy ( 1 1) b~ (" o ul11ing cell s in 1ll0 11M' n','ch¡'ospin a lllllid (CSF), II !->ing a CSF 

lar Icc l11liquc Ihal 1 It :ld ll'al ' ]H,'d f]"()]n R .. I. C<l l-p ( I!'l ) .. Thi ~ proved lo he ¡\ 

\1'] ' )' po\\'cdul a ppI'o,l("h ( Fig. ~ ) , pl'o\'idillg slnlllg sllpp ort lo!" lhc Ihe1l11' d e­

vdoped initi a ll }' hy ' ·'." .. P .. Rowe alHl..I.E, Ilot chin (and bit:· ... by D. H . C ild t:"Il, 
C.A. Co1c ¡lile! N. N<l t!l;-IIl ... oll ) lilal cJinicd I .CM iS; lIl in llllll llop,Hholog-ical 

disL',ls(' ( 1(--;"""' 1 H) . ThL' III OSI \ i,,"a 11 )' sal i"fyi n g exp e.-i Illt'1I1 done al lh is li 111(' wa .. 

lo u se E\an·:-. hlllc in.i<-'Ctioll lO "'¡IO\\, t hal 111<-' \inl~·illlllllIl H· T·cells ",ea' C IIIS­

in g a lotal hl"ea kdowll or Ill t' bl()od-hnlin h'lI..-i('r 10 PI'OI('iIL ;111 l 'x lH-' r illll:' 1I1 

Ihal IT¡'¡cJH-'S hac k 10 Ihe d )'l' swdies 01 Pa lll E ln lich ( :\Iob cl PriLc I~)OX), f\·luc h 

0 1 lhi ... ,,·o ]·k 11( '\'e r appe<la"« in lhl ' p,"imary lill:.·I'allll"(' , and wa ... onl)' publi .... lwd 

(:1) in ;1 11 ani("1l' lhat C . 1'\,11')111']' ¡'L'qI H:' SICcl ror ' / hU/.\p/(ml((lioll Nf'7,I¡"f,¡¡/\' .. Thi ... al­

so Gu' ried lhe Iit'SI, Il· lll at in· clt'sniption ol lh t' M II ( ;-I-e 'i lri c lioll lindi l ]g .. 
TIll' Ii. lrlllal c oll;¡bo]';tliOIl ", iLh Ro lf Zinkerll:Jg"cl star led wl1(-' 1I I s uggcs lecl 

Ihal we rni g lll look 10 <¡ce ir 1111:: CSF cdl!-; Ih ;11 I ,,·;\S ob¡ai lling (Fig. ~) InHll 
el i nica ll y alfl'elcd III ice cOIlld I)t.' .. h()\\; n lo h av(' cyt( )()x ic T 1\"\11 phoq !.t, « :' rL,) 

aCli\"il )'- 1 la\"lng" \\·o r \...ed in 1.:111 ... ;111 1\(.', h(' W<IS ver)' lalllili;I'" \'.' il ll Ihc";¡el" a'­

Icase : I s<;a) Ih :11 W;I .... beillg ll .... cd so I.'ITc.Tlivdy hy J.-C. Ce!"ollin i and K.T, 
Brunlll..-T ( I ~ ) I() s¡ IH1 ~ allon'ac li \'i t}' an rl lI ad ll·ie(\ (1 III S \Wc<-·s ... li lll y) te) ,Ipply 

lhc ap!xo;:lc ll 10 Ihe Salmo/u'lIn model . Thl.' C TL ¡¡:-. ... ay hac.J ;¡ ]¡ 'e~ld }' lH.'e l1 II sed 

\,' ilh "plec n ("(' lI s I"n))1l I .CMV-inke!l:d micl' by YI.l~ .. A .. Old",tone, O .. J\. larker, 
M. Volk('r! ~Ind cOII<.' ¡ Ig-IWS (10,~I). F()I"l\l ill)l I ~I)', \Ve \Ven' Ils in g 11 _~k_ C0 111pa­

tibIe C HA / 11 tll icl.' ¡¡lid L92H libroblasls (L n' lI s) as" ~O Ll'T(, ofT 1)'lllphoe)'[es 
and \'ín ls-inrl'c l ed targt'ls l'I':-.peCli\l'ly, TIH' fil'Sl ex pcrimen l wO l' kl·d h <-"<ll l l i ­

fuH)', (lnd \\'1..' \\"(TI".· abJe 10 s h o\\' Iha! tllt' 1)l i c ac ti vil )' was \llec!i ;'l le d by Th }"- I 

positiv(' cel l ... (22) . 

i\1 ;Ihoul liti s li lll t'. Ihe n·\"} accivl.' ~TOllp of ed llllal" illllllun ologi .... ls Ihal 
fllad e \lp Corr!u]l Ada ' ... wet'k ly "hihk c1ass" had b( 'C n di s(, ll s~ ing n'ccnt Pl lh ­

líca lioll:-' nn ílllllllllH' I·espon .,e ( Ir) ge n e l'ff('cts I"nllll B, Bt'nacert'af (NohcI 

P.-i7t' 19HO) ;-unl D .. II.. Klt / .. ;t l 1 J;¡ rvanl w hi c h lI "'cd a vc r y cO lllplex ;11 1Iivo 

mOIl St' ll1()(lel 01" T",('(' I 1/ 8 ("('1 1 co1!ahoral.io!1 (~3). \,\ rc.; lale¡- rcad nf Ihe expcr i­

Illenls 0 1" F. .. Sh evac !t and A .. ¡{oscnlllal al N III , Bel h csd a, w h o \\'"t'J"(' Iuoking a l 

lil e Ir ge ne qlll.'~liu n Il si n g: ;1/ vi/ro s limulali o n of gl lin ca pig T-ccl ls (2-1). The 
para di g rn (~!'l) in tllí s Eas t Cmt ... t USA imll111nology ax is \\'; IS Ih;1l tite 11' ge lll' S, 

which h a d bec ll mappcd lo Ih e I-rcgio n (no\\" l\'III C c1as:-. 11 ) h e twl'e ll tlH' loc i 
10 1' tlw "<¡ lr()Il ).~( Lransplalllalion a lll ig"cns ( 1 I·:!JZ alld 1-1 -:21), 110\ .... MIIC ela ...... 1). 
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Cllcodc d aU ( 01 " p an o C) the "cllig nlalic " T-cdl rc cc pLOr (Te R). Thi s inI CI-­

p rc talioll wO ll ld p robahl ): have qui c kl y bce ll rcviscd wh e n it becllne ap pal"C nt 
tha llhe Ir gen e pro duc ! (l a antige n ) wa s expn:: .. scd o n m ac l'ophages (20) . 

\\'e lhc n saw a rc pon b y 11. M c Dcviu, C. R. Milc h e ll and M .B.A. O ldslOnc 
lh a llll c rc \Vas an "11' gc n c " c fTccl in th c LC M imlllllnopathol ogy m o d t'1 (27 ). 

This s limulatecl U ~ to aCCllllluble a ll lhc m o usc Slrains tha t " .. e re availablc 
(CHA/ II, I3A LB/c, <lne! C57 BL/6J ) in C;Ulbc lT<1 to st'c ir "'e c o uld eOlTc la te 

t 1](-' Ie\'e l o r e n . a ctivit y \ .... ithl-I-2 t)'p e. T IH' big s llrpr 'ise \·"as tha! o nly lh e H -2" 
T-ce Us \ .... c re Iyti c fo r th e ]\-lIIC cOlllpalihle, LC l\,1V-ill ft.:c lc d L ccll s (:1,4). \Ve 

h ad n o a p p ropri.lle 11-2 h 01' 1-1-2" ce ll lill es ava il a b1c: , so lIscd pl' im a r'Y p C:Tit o­
IH';-II m acroph ages (28) lo p rovidc a sourT t· 0 1" I .CJ'vIV-infec te d targe t.s LO d e­

m Ol1 SII":l te n:'C ipl"ocll excl us ion orl ~ce IlITcogl1 i ti o ll. Thc ll cx l importanl cx­

p e rilll c llt \Va s \ .... ilh tir e II -K" Dd A/J lll o use s l r'aill (2Y) , eS la bli shing t h:\1 CTL 
recognilion rn apped 10 H -2 Dd a n d (pedla p s) lo 11-2 Kk ,. La te l' s tlldi es nn illl ­

lll lln o d n lllin a n cc hi e l'a rc hi es (30 ,:-H) \ .... (:T e 10 sh o\\' LI S h O\v Ill c ky \Ve had hcen 
lo have a Sys tt" lTl availablc w h e l'(:' 1>0 1 Ir tir e 11-2K a nrl 11-2 D a ll e les \Vc re assoe i­
a led \,,' ilh a p Olen t LCMV-specific CTL resp o n se. Th e bas ic findin gs \Vith 
1 .. C!'\-1V \Ven·> I'a pidl )' I'c plica le d 1"0 1' ec tl'o m e li a b y Boh Hlanden 's s tude nt lan 
G a n tll cr (~2) . Bo h also ust"d hi s ("o n tacls as a m o re es tabli sh e d immun o logis l 
lo br ing in .1 n \n ge 01" 1-1 -2 ITcomb in a nt a nd mln a nl m OIl Sc st¡-;\i ns o ve !" tir e 

n ex t 12- 18 rn o nth s th ;\t \Ven.: Il sed (witlr both th e I ,CrvlValld cCLro mclia mo­

d e is) 10 map virus*spec ifi c C TL efrec to r fUllc ti o n LO l h e M H e Cla S5 1 a llelcs 
(3~,~4 ). The m o re dc la ikd d escrip ti oll o f Lh e ac tua l ex pe rim e nts, lhe 
p l'cccdin g h is to l'Y o l" t h e !\:lH C a nd lhc \Va)' lhal th e T e R I'cpe l"loi rc develops 

dlll 'ing o nrogt" n y a l'e he ing covered in th e acco mpanying ~lnicle b y Ro lf 

Zin kcrn agcl (35). 

TI-II, "SI :'-I GLE TeR A LfERE D SELF" HVrO TI-I ESI S 

Ri g lH fro m lhe t irn c llr a t \Ve Ilude tir e di sco ve l" y (3-G) , \\'"C con s idc l'Cd Iha t 

th e l'c mig hl be t"."O p oss ibl e expla n a t ion s fOl' 0 111' findin gs (Fig . 1) . Th e nl"s t 

\Vas based 0 1] lhe "Te R" type h ypothesis o f Kat z anel BCllac en-a f, \vhic h was 

lo rlllula te d as t h e var io ll s du a l rccogni lio ll m o d e ls p l'o p osed thl'o ug h the 
1970 's an d c ,(lI' I}' 1980's. T h e scco nd \Vas that t h e virus wa s in so m e \Val' modi ­

f}' ing Ih e MII C m o leculc (4-6), c ithe l" by co mpl e xin g wilh it on Ih e c e ll s llr­

f<lce nI" hy indllc in g som e o th e l" ( p e dlaps a llos lt' l' ic) c hange, This ide a o f <:\11 

"altcrcd sclf' l"l1 o lec lll e reco g nized b y a s ill g l (~ T e R sec lne d re a sonabl c fo l' vi­
I' u s-infccte d ce ll s, lh ough \Ve wc r c a bi t p erlurbed wh e n lh e rccognitio n 0 1 

"m in o r'" hi s tocom pa lib ili ty a nlige n s \Vas late r shtw;n to o b ey Ih e sarne rul es 

(36,37) . Eviden ce ag;¡in st the dll al I'ecognitio n lll ode\ as o ri g ina ll y s lated 
(l ikc-like inte raction) carn e fro m adopl.ive trans fe r s ludi es, w h c ¡-e \Ve sh O\ .... ed 

lha l LCMV-primed T-ee ll s f.-o ln H-2 h CLe rozygou s mice ("Ax B " FI ) \vhic h 
would kilI virus (v) infccled A and B targeT-cells panilio n ed inlo "clo n o typcs " 
Iytic for A+v alone 01' B+v a lonc fo llO\ving rurther s timulation in irradiated , vi­

rus--infected miee oft)'pe A or B, }'espectivcly (5), Later variants of"t"m rcccp-
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INTIMACY ALTEnEO SElF 

TCELL o 0° O k<o 

(\0 r-\ TAAGET n km 

Reco¡¡n'bon 0 1 "/oruS Mod,fiad H,;? VltUS + H ,2 

Il'1te'act,Ofl balWeen H ·;? 

H guoe l. I'hi, f." 1111.1'''''>11 "f ,l oc ·'II 'gl . 1 ...... ·[[ " '(""P'o,' .• 11" .. ("(1 , .-1'" 1"1'0,1,,"" W.,~ l'" hl"h(',1 ;" tI,,' ., .. , "~lid .,,." 

,j, lo' 110;" :l l' lwa ..... l in ,...·"1"1/· ('1) .. 00)(.ut ., n" '" "ft,·,. ,J ... j"'li"I""I)(''';''' ''''1 _h""" ' g f> 11I( "'~ui~'II "" "f< 1 L _ .. '" 
1,, ¡ II. [n 1111' P_' I><" 1'><.: ,h" ,,-di,,'<I 11.,· " i".i",_ .. ,,· ",od ,-I. " 1,,..1, " rg",-d Ih.,. ,h.-,',· , " ,)!;h . 11" ... . "' •. f"nll ,,[ "¡ ik,-" 

lik,'" ¡" ... ,."."." h<:tw .... n ll .. ;! ¡.;hu'p" .t.·¡,,, '·"¡>I·tes,,·, l ( .tI (¡". T h"'pl""vh> ""d ll,., lo").;"! .... [[ . lhe 

' ·~ r,..,.in,..U1'. ",1<1 the " ,l d,,".' I .... l n '''' ,·''I ..... e d . · .• h wlllo in ",u .. h 1-:"'"'''' ,1.·"" 1,,, ,h.·.", o"'I'.",,¡n~ . tI" " le [ " 

[{"II Z i"k,'t ""gd (:I~. ) 

101'" lIlodeh. gO l <lrúl.lnd Ihi~ prohlc ll'l by ~lI-gll ing ti"", Lh e postlll a lt:.·d n :"Coglli­
lion Illolecules sCl' ing A or B molcc ules \ .... ere thelllse lw's clonally t'xcl url c d. 

Thc " ... ing lt' TCR-ailered ~(' W' h ypolhesis allowed w . 10 a ss ign a hioloJ4"ica l 
role lO Ihe s tnmg ll"ansplalltation anligt:ns, and 10 expla in a llol·cactivit)'. 11' 

ge n e hieran."hics , and I.he eXl.re llJe polYlIlorphis llI 0 1" Ihe MIIC, \ ·Ve bc lie\'cd 
froll'1 Ih e out<;el Ihal \Ve hacJ fo unrl lh e mcchanislic basis 01" imm1Lno log'ical 
survcillancc of sd L Ihoug: h we u sed lhc le nll in a sOIl'l t:.·whal diIT('I"f:'nl ( ' 0 0 -

1('Xl ( ~,fi ,~8,~~1) from lhal. e mpl oycd by Le wis Thomas alld Burllet ill Iheir dis­
c msioll OI" SIlSCCplibilily lO ca ll ce l' (40), ~any people did 11 01 acce pl Ih e '"alte­
n: d -sdf" idea, including SOllJe of 0111" co ll cagucs in the .JCSM R group (34). 11 

was LO rem;'lill {'o nu'o\'ersiaL a nd n :garded a s hCl"c lj e ll by mosl. T-cell illlrnuo­
o logisL'i for lh e nex t lO )'cars 01- so (di !'1c lI ssed in , 41 ,42), Thc "l\\'O '"CCepIOI'" 
Illodels Ihal WCI"C geot.'ra ll y favollrcd conlinued. howcvcr, 1.0 have t. lt e prol->­

lern Iha l.lh c)' offcred no sat i ~faclory gen crali /<Hion lhat wOllld accomllloda1.e 
.. lIlore;tCl.ivil}' and Ihe Ir gene m cc ll ¡¡niSIll. 

Tlw I'CSolu lion o f Ihe dil c rnma camc wilh Ihe finding 01' A.R. Townst: nd, 
A.j. McMichae l <lne! coll c agllcs lh",1 Lhe class 1 MHC rnolcc ules al 'e prcsenting 
viral p c plides proccsscd via lhe "cndogc noll s" pallH\'a y (4~). Thi ... , log ether 
wilh I.h e publicarion ofllle 3-dim c n sional s tructurc ora c lass I ~\llI-1 C rnokc ule 
by P. ~jorklllan , .J. Stro lllinger a nd D. WilC}' (44), and ,he dcfiniti o n oí" Ihe 
two c hain TeR hy M, Da",is, S, I-f ed ri c k. T. Mak. J, AlIison . P. Man'ac k, J. 
Kapplcr. S. Toncgawa and olhers (45) , p Ul. the fina l n ai l in the coffin 0(" lh e 
various "dual receptor" TeR models. T(¡c recenl clUI"aClerization 01" t h e teni­

a!")' structurc of the TeR provides a very satisfaclory conclusion LO lhe debale 
lhal staned wlth lhe "a!tcred se lf" hypothesis (46.47), 
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'1'111': I.CI'vIV ,'vIODEL A:"J D T-CELL TARCET INC IN \ '1\ '0 

Tlw :-"11 I C-r('~tri('li() n ofCTLclfector fUIlClioll illdicate.:d frmlltlle oUl~Cllhat 

Illl' \iru .. ·i IllIlIlIlH' T-ccll lIHISl ilHeran directh' witl¡ Ihe.: drll ... -illlcned target 
cell. 'nli ... liad ;¡Ircady 1)('clI olwinll'> rOl" allol"('activil\ ', hlll no olle had SlIggC~I­

cd IlIal tlH' "Irollg Irallsplanl<lt ion 'lIl lig l'n ... \\"(')"(' in an)" wa> invoht.:d in lhe 

¡nIlIHU\(' n· ... pullsC lo palhngcll'" Thinking a!Jolll <:r\'ll in illlt~("(i()u ... di ~cas("~ 

had hcclI "("1") IllllCh con5lraincd hy ('x¡H"I"illl<.'Ilt.'i ",ilJ¡ l.i.\/nio IfIv!J()()'fogl'Jl(>.\', 

which l' lllphasi/L'd Ih e nt."ed rol' T-("clls in 111 ;lcroph<lgt' rtTrtLilllH'nl ~mel ;Ini­
vatiull ( 10) . The IlllmbeL'i ,md [he sl;HuS ( in [('rln ... 01" hl"al ... ho,k-pn)lt'ill 

rnRN :\ ('xpr('~ .. i()ll) or 1110Ilocytt.:/ m;-ICT'oph;lgl's 111;" !o(';di/.e lo th(~ lungs oí' 
Illic(' il!f('('!c(\ wi,h .'111 influenza A vi 1"1 \ .. ;In:'. rol' l'X:rllllplc, (")e<lrl);\ fUIlClinn n( 

tJI(' COIlt'tIlTClll CD4 ' ;mel / o .. CDR~ T-("ell ' ·l'SpOlI"'\.:' (·Ií'q, Macl"ophages acti­
valed dlU'ill).{ ilw T-cell-mcdialed t'lilllillalioll nf I.C\1V 01 ' (·ctn)lllelia vi nl:-' 

c;ln rapidly dc.'sln)y l ., lIIon{J0'fo~('n(>, (49), 
The :\'1I IC-r(:' ... 1 riel iOIl fi lldings \ ... ·ilh II? Tllfn¡ ( :'1'1. as ... a)'s \Vel"(,' qllickl)" Irallslat­

('el inlO ,he;/1 1I1l'O s ituatioll , One orlhe n.::t:-.OIl., l ltal Ih e ¡ .CM \ ' Illodcl " ';\S "O 
powerlul W~I " Ihal \Ve h;ld a , 'e l-Y cleall in V I1'{) .,V:-.((:111 fOI ' ;lIlal )'s ing an inflanl­

malol"\ proct' ... s, U nlike m;¡ny \inl ~es, I .Cl\I\' Cl llS(,., lill lc: d:Hna~c.' and lhe le­

ve! ... 01' "backgnH llld " cellul :-u' inflhralioll illdt'pendcllI 01" , h e T-<.:l'Il n:'­

"'pon",: (:'L-)()) an' low ( Fig. 2), Combining thi ... \d l ll lite C\ p<lcll\ lo 'luanli tate 
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111< ' ( ~"' F . " , "'''1',''''11'" 11", "" ...... ( ,,1 ( :'1'1 , "((,,in b"I"""" ,t.".,:, ,,,,,1 (; ,.1,,,, ",11- , ''','' , ,1 lh" n -"" ',,I "t', "'n, S~" 

h"U. ;\1 ", ,1"",·" h "hd h ile) is 110,· p'-en'di,,\!; i"en'"",' i" , .. 11,<1 ... 11\ (-I ¡o ld) ,,1 111, " ,·,-v".d I, "'1'1, ", >(1(" «:1 J\). 
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"el"} (lccur"ldy h y ("(H II1I.ing cc ll s in lhe CSF allo\\'cd ti , 10 del el llline rapid l) 

by adoplivl.." !I"a nslc' r eXperillH.:IlIS Ihat lhe sa me rllk·s apply rOl" T-ccll I"ccogni­
lion ill vi/ro alld in vivo" Thi 'i wa-; showll fí:u" dif"ll.'I"enccs in !\·IIIC h;¡pl()I~V(' . 

panicular :\11 le dass J allde, and 101' H -:l II1Ul~llll tnicc p~4.:') 152) . 
Tlll" int(-'rp l'elalion lhal lit e T-n __ 11 musl bind din'ctly in lIiiJO lo lite \ 'inls-in­

f(:Tlt.:d tal'gcl ralller Ih<\njusI LO an appropriatt' anligcn-pl"t.':-.t:llling "I illlula tor 
ce ll ha .. , 110\\1..'\("1"" cOlllinued In 1)(' "'lIbjecI 10 chalh-ngt:. TIIt' a)¡ el" II <Hiv(~ idea i ... 
lh,-Il c)'lokilles rclea:-.t:d ;1<; a ("oll<;eqllcllcc or s ll c h inlt~r;l (' t.il)IlS are tl1(' kev el~ 

rec to l" lllo!e(lI!C: 's, <111 ide;1 thal se c lll s lo w(lrk for Ihe COlll n,] ora hcpatili ... vi­

ru, lrallsgl'lIt: hy iIlH'I"fel"oll-lIledi;lted Illl'chaniS11l'" (5:"n. So far. lhis !Wp;l1ili s 
mud e l St'C II\ S 10 1)(' llniqllc" Aduplively lr<llI"rcrred I.Cl'vIV-irllllllIlH· -1~Cl' lI o.; 011-

I~ (";H1",,::d SC:~ H'I"C:' rnen ing"iti s in "in ls-infCClt" rL chill\{"dc m ice w h (:'n th e appro­

pri;lIt' 1\111 (: l"esu"i"ion e le.:l1ll'nl ' .... as pn:.'~<: lIl on \'il'us-inli: "c tcd t'pithelial ("elh 
in 111(, lu ·ai 11. ;\J(.j t hel · S(·cIlnda l- Y -.;1 i Illu lal ion or 111(' \ in ''''-''' pccifi(' ( :TL p(lPllla­

lion\ in h' lllphoid ¡isslI('" nol' int e r:lc lioll Wilh inflall1l11aloJ"y Ill<HlocYle / m .l­
(Tophage, in Ihe sile ol"p¡lIhnlog}. \\'e1"e ;lIonc ~tdficicnt to cause the: massive 

ce llttlar c:'\ lI"a\asalion c hanlClel"í<; IÚ" n I" LCM (~ l -r) li ). 

Pe.:rhap'" ti\(, lin;11 indíc;lIiol\ Ihat Ihe 1 .( ~YI V-illllllll'H.' e n eC lor CTL 1I111S1 ill -

1('I"al"l din'Clh witl! virtl~ inlcOed CNS cpilhel ia il/ 11i,,0 has come.: I"nlll1 I...·x pt'l"­

inlt'lIt'i wü h !Wd"OI"iIl -/- miu·, whiel! faikd lO rlc:- \'c lo p ilw <.· (;:¡ ,s ic ll !'>)'llIptOIll 'i 
01" -1 ~Ct' J!-lIlt"d i a I ed i 111111111 \Opa I ll o II Jg") (57). Cyt I)k i n e-Ill t·( 1 ia I t '( I 111 CC 1I a 11 i ~lllS 
lila)', 110W(:'\·(' I', hc n·o.;pon ... ihk for lit e c hrollic w;¡~ lil1 g di ... ('a~(' (rlH-ijO) that <le­

'eh>l .... in LC:\lV-illk( Ie.:d C DH "I-.no(·koll(·( -/-) m il(" and (:D8 - I ~cdl-deficiel\t 

Inice ( 61) ,1!;lt ;-u"e -/- I"or fi 2- llIiuoglohlllin (B2-m ). lh(· Jight chain ul tlH' 
.\'lI1 C (" lao.;s I g l ~"("oprotcill .'i. Bolh th t'."c g ellc lícall) - lIlanipltlatcd 11101tSe.: ... 11"a ins 

ru in' ¡¡re.: 1I 11 ahle lo c kal" J .<::\'1 V, leading 1(1 a p el"s i\u."1l1 ("onfnHII;1I inn IH' tw<:cn 
"i l"u,-i nfeCl(:'d s tiHlu];¡lor~ alld lhc:' illllllllll(' CD4~ popu l¡lIiotl. TIll' s lurli( \ ... Wílh 

l.Ct\·I\', <l ne! ol li er ('xperilll(:'l1l.<; ",i tb n._'~lm";IlOJJ v irllse~ (,ce bdow), illdicah.' 

that IIIt., efkc tllr lIH'ch;lIIi "'I IIS u ... cd h y C D 4 ' ;\Ild CJ)~ T -n'll ... 10 rteal willl \'i­

J"lISt"' ;Ire Illllr];¡11lelltally dif'f<"I·e nl . 

TII E NON-SE U :- <:0 :\1 PO !\'E;\J 1": ¡\l'\¡\L"SI S \\'ITII RESPI RATORYVI RL1SES 

The di\'is ioll o f labol" in Ilt t" 1.<:1\1\' expel"illwnts al l ile:" .lCS~fR wa ... Ih .. t Roll 

Zink(,1"Ilap;d did t!w illl!;lmCTI. ;\I l:,-tlys i" while 1 \\'<1'" n· ... ponsihl(' ror tJI(' IIIV;­

¡Nj iIllIlIIIlH1P¡II]¡olllg') expl'rillwnh and lor wl-it illg tllt" Illanl"Cripls Wilh . uf" 
("011 I"S(' " Ih(' h(,lIc~il uf hi s iIlIIllCd i;.lIl· <I nri ("o nSl:,:¡nl c ritique. 1 thus lIscd n · ... pi ­

ra lol' )" infe<"lion ",i lh lhe ]>;II"ainllltt'117<1 t"pe 1 "i nls, SC II (\ai virus, lO de\l·lop 
;-¡ 1 ~ l c ilil \' \\'il/l the eT L as ... a \' (6 2), ,lIld In (·011lirll1 t!tal \llle I'l' s trinioll \,'as 

11"11(" fOI" Illore tl! ;\Il I.CMV ,Hld 11 1l· pox, inl"'cs (:l7, :12. (i~). 1 rt..·l llr nerl lo Ihe 

S(' IIr1 ;:li ll10rld (l i4, (-):») )'e ;1l"s latn ;\{ Sl.lllrle Chilrll"cn'o.; Rl...'sc;¡rch Hospit,ll , 

principally b(:·CI llSl' 01" thl' 1Ilolec ular Yi r()loh~ expeni.<;e a\'aibblt- in IIH" labo­

ralO!""" 01" A. 1'01"11\('1". 
\·Vll(·n llll o\'cd lO tI\(:' \-\'i s l;11" In s lillll e i11 lllirl- 197!l, il qlli(·kl y bCCllIW ~ lppar­

f:" lll lltal Ihe allilllal 1 ~\C ilit\' \\-';IS nol o.; lIrFic ic: 'n tl }' "'l'("ure lo ;t ll o\\" cX I(' n .siH" (>x pc­

l·inWlll<tliOI\ \dlh J .CM\', ",hieh O lll t'a~ i! )' induce clínica ll ) '·silell t" ' inkctioll s 
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\Vc thollg h l. tha!. by IIs ing se l-olog ic"dl}l d is tinC( v .. ..¡anl ~ ~lI ch as the 11I N 1 

a nd H 3 N2 " iruscs \vh ic h do ll o l c ro .;¡s-n e utra li , e , wc wo u] d be able lo map 
C TL ac tivilY LO 1I 01' N, bo (h o h .v h ic h art.; cx pn~ssed on l il e p lasm ;\ lll e mbran c 

o f lhe virus-in ICcled ce]!. Th e a im t h c n \Vas to use "d r ilk d " variants 10 m a p 
fin e speci li c il)'. T ll e initia] exp c rilnCnL'i wt" ,'e d o n e by 1Il )' IIrsl g rad U<llC ~t ll ­

d e nl, R.B. E ffro~ and ,,'e l-e ]a lc l- pl1rs l1cd b)' l11y second s llldc nl.l .R . Bc nn in k . 
Muc h lO Ollr s lI rprise. Rila fo und t ha l l h e CTL resp o nse ror th csc IW O " in lses 
\\la s alrno'i l IOl a " >, O'o"s-r c a c li n-' (67.68). T ho ug h we "'ere Il Il ¡¡Wan: o fil a l Ih e 

time. s illli lar f¡nding~ wt:" rc be in g rccorcl e c! in B.A. ( 1Ia) A.;¡ kon ;¡s ' lahora tor r 
a l t he NaLÍun .d In s titllll' fo r M e di ca l Rcscarc h in Lo ndo n (6il) . 0 11r findin gs 

\\IiLh LCMV h a d indllccd I La LO clro p IH: r lo ng-tcf lll s ludie ~ 01' th e B ccll I·C­
sponses (() con c/':·nl n ll t.; o n VinlS-sp ccifi e T-ec ll Ill c diat c d ilTllnunil y. H CI" laho­

" ;1I0 1"y was lO m~lkc a n e non noll s con lr ib ll li o n ove r Ihe llexI 10 )'t...'¡ l rs. 

T h o llg h \Ve 1 ~ l i l ed a l Ihi .;¡ s lagc lO d e fi ne th e nal ll r c o f lhe a n l ige ni c e nl ily 

rccogn i L(~d b)' t llt..· i n fl ll c ll La spcc i~ c CTL. thcsc c ady cx pc ril ' H.~ n L';¡ fll nh c I· 
su pponc d Ihe CO IlCII ¡sio n fro lll l h e MIIC resu·ictio ll ana ly:-. is lhatlh c sp ccifi­

e ily pmnles o f T a n d 13 l)'mphoc)'t('s a re fllnda m c nta lly diffe r<.; lll (~4, 70 ) . In 
a dd itio n , wc qn ic kl y estab li sh c d lh a l CX pO "'III"C 1.0 an y o n c inllue n/.a A vir us 
\\I il l p l-im c 'T~e Jl m c mo l""}' f O I" a secondary resp o nse (Fig. 4) to an )' ot ll e r in-
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F'H""" I I""","".I"I-\i , .,Ih ".",,' (p,'i",an) ( 1\.\ -.1 ( 11 .:':11.) 11"" . <) ' "''' ~. ,hal 11,,,1 1 .... ·" illl ... le, 1 wll lo 11,.. l'RX 

( 1 r 1:-'" 1 ) i"ft , ,, 'II~.' A '11 11' : ,:,: d, , \~ fJ' <,\'i"",I) (so ·" "" l.tI \) ,,, ... ,. 1 h,ollt·llK,'d ,,,,h 111<' 11 K ..;:\ I 111 :Ii\~) " ti h u' " ,., 

\ "in" {(vi). -",,1," ' ''' di, W' ·' t· " ,,,,, ... <1 (1 (1,, : 1) ." 11,,· i ll l(" ,·; tI •• ¡,,,,,,, ,," I I "~ 0 ""1'",,1.1,· 1," ·W·'s i ll konl ","b 

,1 ra"H" "fillf1 I1 ""~" A "i",>,\·,. o" ", i lh <l ll ",f1 I1""~" H li , ' O' (l1i,,,,);Ic.). I ~Olh 11 ,,· .,,11 ' ,11" , ... k i lw ,i" <l"d 1" '''·''" 
o' of IIIt' ,·,.,-,tl l ""1',>1\, •. ,(l,. It·, v ,' ppar,''' I , 1 .. tI .. , ' ''< !W , ,, ,a-I ,t' w i th l I Kx:\ 1 ,,, l.,, li . " , 01 ( ::,71\1 / (iJ (11 "~" ', 

",in' 1"" l' , 1"",,, ,<'" hui. ' ( 1 l . ,Kit' 'IV ,,, IYlll p ltoi,1 ...... "t· 1,,1!, "," 'H P' IIna.., l':-'P""\I' ,. (!)¡.l ) . 
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I1I1CII/.<:I A virlls (6R ,71). This tlleanl Ihal infcClioll Wilh a "dri lh,:d " 01' "shilh",d" 

inflllcll/.a r\ virus in :In adllh PC I"SO Il is likcly lO hc pron.~c..:' din g- in Ihe ("OlltexI 

01 a seco l ld~lr)' CTI , I"CSpOllse and a prilnal'y 11\lln()rall'{:~pOIl"c , Tllt, alht: il inl­
pcrf'co prolcuioll con f'crrt'd by inflllcnza-s p ec ili c Illl'1ll01'}' T-n' ll s (72- 74) 

probabl}' cxplains \V h y yo ung- lO middlt'-aged ;1<!lIlt ., <\n,,' gt-' rwr;¡II }' Illl lCh le ~ ... 

likely lO die fnllll jllfltwn l.a Ihan arc slllall childn.~11 01' c ldcd) pcopk. Thc ... e 

re., ults wcrc ql\ickl y confinlH:d rol' o llt e r \'¡rllse ... which It .. ¡d , afler the..: inllllen­

/a cxpel'inH.' IlL..; , .. 11"0 bt..TIl fOllnd lo induce CT I , s pecifici¡ y pl'( )fih. ':-, thal wen:' 

1101 pn,'dÍ<.' le d b y se)"( llog ica l an;llys i :-. (7!")). 

O,hel' .,igllific;1l1t t'xpe.-iIllt' IlL<; Ih;1I \VtTe dOIl(, ",ilh ,lit' illlhl l'n/a Illode! a l 

,¡bOllt Ihi s lime Wefl' t111' l 'X ll' tlsion 01 MIIC-rt'Slrictioll lo the r;\t modd (7li) 

a lld , 1l10S t ill'lporlanll y. Ihe cJC~H delll<)n~lr;¡l i()1l b} AJ. rvld vlidl;tcl ( frolll the 

A ... konas lahor~lory) ,ha1,l1j ... i:-. <l lsu trile fOI ' 111Il11an ,;,; (77). FunhtT PUI',;'; lli, of 

llti ') IInpn.' cliclt~d C1'o ss-n :';¡ c 'i v iI Y fOl' 111(' inflll l'IUa \"il'll ... es Icc! lo A. TOWIl ,'i(,'lld"s 

(¡¡ga ill frmll t¡w Askonas bbolalory) se lnill ;lIlillding ( 1 ~.7R) Iha1 M II C dass 

I n.~s td C1(:'d T-ccll ... an: responding 10 ;1 pepti((e c! el-i\'(x\ (rom ¡J1(' illfhl(,'lI/<1 1111-

cleopHHcin ( NP) , wh ic h finall)' explaincd 111l' lIlo!ec\lI,lr Illcchallislll IIllrlcr­
l}ill g our "~Iltt.:rcd se W' hyp()lh e~ i s ( Fi ~. 1) and :-. tartl'd Ihe whok ficld ofanti­

ge n pl·oces:-.in~ in tll e "endogenntls" compa l·lment . ...\ 11:lI)'s i .... al Ihe \'Vista l' 

In 'i lillll l' b~' .J ack 131'111link ;1I1dJ,R. Y('wdell ", ilh rcco lllbinan' vacc inia \'iruses 

;¡] ... o showed tilal llltlch uf Ihe CTL recoglli'ioll in lite inllucni'a lllude1 i .. di­

re("led al int c rnal componen t'i 01' tl)(' \' irus (7~1 ), 
I.;;H1el"l r, the llon-k1ll a l n..'spiratlll" y inf'cclioll ., ha\'(' l'lllt'Tg:ed a s Ih e exptTi­

m e mal sy:-' It'1Il or c hoi ce ['nr ,1I 1;¡] )s illg loo tli.'icd, I";l ll s ienl " ir,¡] infl '( lions 

(HO-83). These Illodel ... hav(,' Ihe ,Hh';¡nlagc thal jI is ea .. " to obt;lin holh tll(' n ,'­

gion all)'llIphoid ti SSIlC, alld ,hc inl l :'IIII1I1<HOI' )' ("(' lis f l"(HI1 Ihe pnt'tllllonic IlIl1g 

by bront"lH,Mlveol;lI' ];¡\'age ( BAL), Tl\(: n ,,' is "l so !1o ohvio lls \ .... a\' tllal cill[('r Ihe 

" ifU" o!' ,he "ir,tI g't'llomc (';111 pel's i,..;' alú: r inl'ection w itlt ... u c h IH ... ·~,H¡H' s lr;lIld 

RNA \,ir ll.,es (84), ",hic h is importanl w lt e n "'e are con s idei'Íng- Ihe dillicuh 
,m'" 01' T-ct' 11 me!1lor y (H5). 

Somc n ,,'('e nl ex periment ... addr'e"sl'd aga in ¡lte que", lion (IrT-('l'III<Iq.~('lillg 

ill vivo Ihal In,,' had analpa' r1 ea r!ú'l' ",il lt dll ' LCMV Illodd ( Fig. 2). lJ:-.ing 

af!o p tiw,' 11·;lI1.,f'cr prolocol s ¡¡ Ild bOlle m<-lIT OW l'adi,lIion (' l1io \(T; '''' nL ~HIc be­
I\",<.:cn 0~-nl -/- ;I nd -1/+ min,', \Ve .. hO\","'d 111,11 tll(" ('lcanulce (JI' Sendai "il'll"; 

depcnds 011 Ihe CDH l ('n ""c l o r T-n' lI s illlt'I",lCling (lirt,,'Cl l y ", il h vir u .. -inIcClt'd , 

;\111<: d ;I ... ., 1I n''''pir;tl or)' c pilhelillJl1 (86). The opposite ('(l II (" II1 ... ioll ",as 
r(' ,l c lled (,ollcc rllin g lhc c;lp,lci l yof(:D4 T -('(' ll ... (87-H~J) lo cOlltrol inlluClv'l 

"ir ll '<; inlt.'ction in the ab~t'lln' 01' tll(' CDH , .. lLbS(' I: cxpn . .':-. ... ioll ur lhe :'"III C 

c lass 11 g l}'(,opl'ol e ilh Ihal 1:IIXt'l ,h(,,' (; 1)4 + T-cd ls i .... 11 1)! t'~'il' nli ¡ tI in Ih(' re:-.pi­

rat.or }' tr:lel (90). I'vJore n 'n ' nl cxpcri lll t..' nL'i p('rfonll('d by D;I\'id Toph ,1I1l ;Ire 

('on lirmillg lhc llw lIlC dC\'t'loped b> \'\'allcr Gerhard (~ ) 1) lhal (,()lllplcl<' ("lea l'­

aun ' of,llt ' \'iru~ b y ( ;1)1 ' l ~e ll s I'cqtli¡'es lile conClIIT('1l1 pn'Sl..' lI ce 01 amibo­
d y-f"onTlin g ("(· lI s. 
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QUANTITATING IKFLAylMATION A~D l CCJ::LL-MEDIATFD I YIM Ur-.: ITY 

The essen ce 0'- lhe vi ro logy-hased appnl;u:h lO palhogelles is has alwa}'s I)t'cn 
quantitation , ;:¡ th e lll e ¡har was S¡ ,ulc.:,d by M;K Hurnc.:t \Vilil hi s \'; II -ioIlS pl;¡quc 

assays and contillll('d by Ct'ddc f\4ims fOl" I-Iw f1l1 on.:sccnce micn)s<,'o pi<.' loca­

¡izatíon orvir u s-inrcned ceHs il! differen!. orga n -; il.l..'s (9). McasllI-ing Ihe ill­

n amlna tory prO(TSS Lha! ís lh e cOlIsequcllt:c "rCM1 has, h ll\Vt'\'er, Ir-aditiollal­

Iy bcen (a l bC'i t ) scrni-<-luanlil<1li"c, Th c cI ;l"sica l ddayed-l)'p e hyperscn~ itj vily 

root-p:<ld o;we l1ing ass,l)' is" ve]"y blwn inSII"\lI1l C IIL 

A fI(¡/)lsing il!f!amJllalio!l 

rvl}' ea rl y expcr ic n cc ¡JI lIltrastructul'a l ¡x lLh o logy ¡md illllllull ocyloc h c m­

¡SIl ')' (9:¿.~ ) ~) n.:s lIltcd in <In inlcn se cur'io~it)' CO.H-C I"llillg lhe Il ¡-llure ullhe l ym­

phoc}'It.., popu latinn s \h ;\I in v<-lde into lis ... u f:" .. ih:'S ()r\ir ,. ~ ~I'o\,,"l h ( Fig. 5). The 

, 
[0' ,):,,,,. :,,;\k ;,u .. " ·,, i" 11,.- "a"'l<' ,,1 ";' ,,,"sp,,,·il,,· ( .;\ . 1 ".<' "i", ,, I.,,,·d 1" ti", " ' 1"" """,, '.01 , ,,,, t ic,,,1 10 ,,'1" " >':' 

01 1 "", <'),),.o1,,,,,,,' I1I i, ,h ." I I"gh Rl'id ,",d 1 did ""lo ,1","1 ' ." ,1,, ' \ '1",,'d,," R ..... ·.'nh 1",m" .... 1".<1",. 

!l, II gil (H'.!-!) 1), rt ,, - ..t .. , " '",, 11 ,1< ' ''1.:' .'ph ,1\0 ,"', , .. 11, ,, 1 ,,,,01" ' 1-" l\" 1<·01 " 1, -, ,, in , '~ " .\\ .".tI "'1:; lt "'" ., ,-.'pi IL" • 
",,,, ,lo,' h, .,"' p.lI ,.,,, 1" ",., 1 ""ph"", ". i ,,,.,~ i <> ,, "u" ,i.,,,,· ""., , ,1 • ,. u' .1: " ", ,1, ",1", """,,,1 k."""" , ,1 ( :\11 
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exp(,Tilll Cnl S Ihal 1-1 , \'1/, Re id ;l11d I did wirh Ih e sh eep I O llping~ill ( tick-borne 

fla vi\' irus) lIlodel ; 11 lhe MorcdulI Re.;carc h Ins lilule in Edinbur!4"h Icd U> Ihe 

con c lus ioll that a nlibody forming- c<:lIs \\'el"<:: ('xll'avasating inlo ¡h e CKS (lnd 
were rc.'ipollsible for;\ suhslanlial , ;'11 si/u vir\ls~specific 19 rc~p()lIse (92 , ~) ~I ), 

MlIc h later ~ llIdies by O.E. Crin-in havC' s howl1 Iha l s u c h loca ll y-prodll'ccd an­

libody conll 'ols S indbis \' irlls inl<.'c tiOll nfmuust' bl'ain (~):;). 

Tlle dwli f"n¡slr;¡¡iOlls \ .... ilh rno'-ph o logica l appro;\Chcs an~ lh e lack 01" func­

l¡olla1 all;d ys i ~ <lnd lil e dinicull)' nI' q\lanlil ~\li()n , I.hollgh my nllTcnl ¡X'ITep-­
l ion is lha l ¡he l'c is ~t g l'ca lll ecd 10 fúc lls more alle nlioll o n lhe analolllica llo­

c <l1i~alioll 01 eVClllS in immunil Y lhal as only p() ~s iblc wilh micl"(lscopy--bast.'cI 

prolocols, ),-1)' e,u' ly al1elllpb al quanlilaling illllammalol'y p¡'HIJoloh')' ca used 

111<' LO seúl' o n I.11{:' CSF lap lec hniqll l' lhal Ri c h¡\ l'd C u-p ( 1;; ) had d e n .:' loped 

to look rol' c" n L}'lIla lic a c tivil Y in CSF 1'1'0111 scra pi e-infL'ClCd nIOIl S(:' braill and 
appl )' il LO Ihe s lud y of\'iral IlIL'ningilis (Fig, 2), Experillwnls wilh Ihis s impk 

Illodcl indllccd liS lO de\'c.:'lop Ih e LCMV--spec ifl c CTL a ''ia y, ano allowed lil e.:' 

1 ~ll l'r il/ viT,o dissec,ion of MI 1 C---res lricted T .. c ell e rfec tl))' fUIl C1,ion, TIIl' C,,­

pac il )' lO l1H'a:-'lII 'C slari s licall )' :-. ignifica nl difft'rcnccs ror' CJUilC ~1J1~lll df(:'n~ 

l~n;¡blcd li S 1.0 Op(~ r;¡lt.' Wi lh IInique ~(' II S ili vil)" ill Ihe iu 1úlIosilllalioll (:1, ~4) , 

Ilowc"\'e l', beca use Ih e appro<lc h ""as Icchnio dl y deJl'l<lnding <lnd o nl )' !'l'a lJ)' 

lI 'Icf'1I 1 \"ilh lit e I.C.\IIV Illodel. nobocly elst' aclopted lha ,; an ;II)' lic.t! '>ys lem, The 

other, grea r ad\'antage of b c ing abJe lo obl:lin infbmlllalory ('e ll ~ c1irec !ly 
rnHlI Ih e CSF (01' frolll lh(' lung by lile BAL) is lhallh (' l}'mphoC) les do nOI 

n eed 10 be I'n_' e d fJ'()lll lisslIC by e l1 z)'matic Icc hnique.;. This has bc.:: e n ol ' gTectl 

bl'llcfil I"<l!' 1,lI e r expcrimenl'i conn:1l11':l lin g 011 110'" cylO IlH'II' ic anal )'s i ~ "llId 

FAC:S se paralion lo define fllnclion,,1 T --cc ll s llb':>e ls (.")(j, 9t>, 97) , expcrillll' nls 
Ih at w{' I'e fil '';1 "al'!c.:d fOl' LCMV (", illt R, Cen:dig il1 C,Ulht'\T;l ) <llId IUl\ c l)('e l1 
a Ill,~j()r fo('tl S nf' Ih e rcsp il ,;tlory infe('liOIl ,'i llldi es (~)R,99) ill ,\:lemphis ( Fig, :\ ) , 

,H (ynll ,-ing /111' '/ ~('('II ,,'~/}onsp 

Thollgh (Iw i 11 lI;fro ,; ICr n .:kasc CTl. assa) pro\'idcs 1111111 b e ,'." l ht' pn:cII 1'''01' 

(p) fl'cqul' l1cies th,ll g i\'t' cOlllp:-II'abk Ievcls 01' IYli c aClivil}' ( bOlh dlll ' in g Ihe 

C<)\Ii",C 01' in villo infccl ioTl nI' as a CO ll sequ(:' n c c,' 01' ill "ilm (' ul l ure) can var )' 
ellOl' 11101lSI)' ( 100, 101 ), The potcnc)' of' Ihe CD~- CTL St;1 in Ihe BAL pop"I;¡-­

lioll f¡-olll nti('(~ wilh illflllen/:t pnclIlllollia ¡s, l()I' cx;unple, appan,: lIdy equiv'l-­

kili b~ (lay IOaftcr inllx lion rOl' (,;D~I ' T --(' ell d{'ficient 1\ 111 (,;c ln"'i II -/- Ill ice 
¡¡Ild fO!' MI J( : cla'i'i 1 I +/ + con ll'ols ( 1 O 1 ,102), 1100\'C\'e l', I he ( ; I"'[ .p n 1I111IH.' I' '\ ill 

bOl h I h e BA I , and regional IYlllph nodcs a re IllllCh 100vl.'r f'o,' lit e M Ile c l ; I~'> JI 
-/- Illice, alld vi!'ll s ck:-u'ancc may b e s li g lHl y dl'layed, Til le' lnllch ,>lImll er CT l.p 

pool ill ¡hle' 1\'111<': eI ;IOS" 11 --/- lIIi ct: is a lntos l lo lall)' con s um ed 10 provide Ih e 
leve! ofCTI , e f'l <-'c I.or f'llnction llec d(:'c ll O dcal with tlle infCctioll, A c Oll c ll l"j()1l 
base o on lite CTL dala a lon e lhat Ihe absc llce of Ihe CD4 SC l doe~ llot 

g H'al ly Illodify Ihe Illagn illlde (11' lhe C DH+ T-ct' 1I response would I hll ~ 1)(' 1!l is-­

\C;¡d ing, Can:ful , kinetic ;lllalysis is e,.;t' nti<'ll in thcse ¡n vivu P;llh()gen l'~ is 

sl udi e~, 

We fir sl I'('ali sed lhi s wh en we lricd 10 qllalllil a le t1w Ir gene hierarc h y Ihal 

W(' di scovc.'rcd fol' lhe Mlle cla:-.s I al k' \es 11--2 Kk, 11 --1 K" and 1--1 --2 0 1. \\' ilh Ihe in --
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fluenzaA vi nlscs (:10,:H), Thc situat ion hcre is Ihal Lh e CTL responsc associa­

ted \Vit\¡ 11-20b f NP peptide is dominant in micc thal exprcss H-~K¡', but ap­

parentl}' ab.'ient \"hen 1-1 -2K~ is pr"csent. Thc <;anH: lhing happcns wilh vaccinia 

virus . .fack Bcrrrrink <Inri 1 lriec! hard lo wO I'k out lhc undcrlying mechanism , 

using thoracic dllC! Glllnllblio!l and nega¡iv(' sekction in i lÚ JO ¡O r"('rnove Ihe 

a lloreactivc T-cells (IO~ ) , ;r n~r' y lediOlrs pnl lOC(ll Ihal \"e lt"<ll'llerl I'rOlII.I.A. 
Spreru. The 1,ICk ol' any llscflll rcsollllion is a goo(\ exalIlp lc 01' lhc l"3.cl 1 h ,-II 

(lhough impOI'l<lnl insighl<; can be gencraLed) molecular ITlcchanisms GHl1l0t 

ulLimalcly be \\'orkcd Ollt. by biological exper· ilTwnls. IVly ('\IlT('n¡ grlCss is Ihal 
1-1 -2Kk mllst gre<tl ly oUl-compete 11_20 1. fOI" binrling som e COIlSI.; IIlI molcn t! e 

invoh'ed ill ¡he ;\:11 le c lass I <ltlligcll prncessing patll\"ay (104), thollgh not lO 

Lhe exlcn l lkll 11-2DI, +:'\lP pcptide is no longcl' pl'Csent ~H su f'fi cicnl k'vels lo 
be ITcognil':ed by lllc ;t¡lpl'Opriale (-'ffeclol' en, on an II _Kk()b I ;uge~r~ ('(-'I I. 

\VIH'Il.I. A. OH'enjoilleclllw bboralOry ill Phibdelphi;1 s l1 c !ook 011 lh e lask 
of developing- a Cjll;rn ti 1~lti\'c 1 i mi ti ng di 1 Ulion an ~llysis (LDA) 101' dctcrmi n i ng 

infhren/;-I \ir u "-"pccillc CTLp freq\lencit-'s (1 O:J) , ;rn ;Ippt"oach ¡hal has Ix'en 
('('nll'a l lO m)" l'(:'s(,<lI"ch pt·ogr. l1H o\er lhe slIbseqllell l ~fC~\I ·S. Jucly O\Ven ~llId 

Michc ll e Alloudre th(,ll ;qlplicr! Ihis lechni'JIlC 10 lhe 1-1_2Kkl)b hieran'h y 
pt"obl('Il\ ancl 1"01 11 1(1 lh;11 , rol' micc tlr'lt \¡ad bcen pritllt'd ;-¡ 111 011111 01' 1110n .... 

prc\'iollsl}', t.lre CTLp !ltllnhel '~ ~pccific fol' influenza virus componen!s cx­
pn: s"l'd in Ihe COltlext. of 11-2Kk and 11-2Dh may be raidy cOlllparabh~ ( 106). 

Rt',,'nl I'xpt.Tilllents with lhis expcrimental sy"telll by R.A. Tripp in Mcmphis 
itldiCtlc llul lite n.';-¡snn Ih,ll the 1-1-2K"-l'eSlriCled CTL e /Tector.., arc pn:fc­

I'l'n ti al ly gencr<lLcd is ¡11 ;l t Illi" ("(llllpOll('111 01' lhe I"esponse elIlergcs more 
<¡ttickly. 

F/¡/, )'(11/' /n'Obln)} il/ illllltlfJlO!0f!J' 

Th(' pt'('("(~ding- is <l gnod cx;-¡mplc of"one ol"lhe m.~jol clifTicultie~ l!t al \Ve f~tcl' 

ill dcn'lopillg;¡ del,¡jled undet·S!'lnd in g 01" imlllltllil)". I-IO\\' do \ve measul"(' Ihe 

tr \l C kincl ics nI' t·cspollses in te1"l11<; of Iymphncyte gellcl'<uion <Ind loss, ,lIlcl in 

the contexl OflJ'.II1~it l.itl\('s Ilrt"Ollgh the val"io ll s rissrw s it es t h at are s;'lmpled? 
¡\ 1ll;~jOI ' in",ight dC\"('luped rl'om s ludies Wilh sllpeI'''lllligens W;1S lltal lhe Jll a­

.jorit)' 01' lh e T-tTlls lhal prolikr;lle following sltch st imlllalion die as a consL'­
<¡ltene\..' ( I07.IOH). \Ve in¡l i ~llIy Lhollghl lhat t.his \Va" llol.lhe case for "(:0]]\"(-'11-

tioll;¡l" anligc.'n~. sllch ;l~ influCIII':'1 vinl~ Oi" Senda i virus epitopes, laq:~'cly 

bccausL' seqllL'llIi; ¡] I.DA slllclics indi('~lled a tTlllarkablc COIlSLlllCy (Fig, 6) in 

CTLp frt_:quellciC' s ( 1 :~-:-{,()()() ce1ls in a IYlllph node) l't 'o rn aholll day 7 .. I'tel· 
illfectinn thn.lllgh lo long-lerllI llIemOI'Y (HF>,99.1()1) . This W;\S son"H'\vhal dif· 

fCI"e lll f'ro!n lhe s ituation th;ll \vas concurrellt ly being dcscribcd fol' LOA 

sluclic<; wil11 LC,\fV hy Ratl Ahrned ( 110), blll \VC agn:'cd thal l h e dilTcn:'!lce 
was probabl)" dllc 1.0 lh e Ern Ih at s)'s ((~llIi(' L.Cl'v1V ín fcct ioll llnc10lthl edly givcs 

a lllttch gn::' ~lIcr' anligcnic stillllllll". 
Tlrc tll)'midine ;-¡nalog"tte brotl1odeoxYllrid inc (BrOU) incor'P0r<11CS in10 

the OK¡\ 01' 1l1l1ltiplyillg ("(~ Ils alld cl1rses Ihe ("onn,llion 0 1 toxic thymidine d i­
mer~ f"ollO\ving e x pos ui"C lo b.·ighl ligln. a pnllo('o!lhal was 1lS(~d lIlan y )'t'ars 

ago lo "sllicide " i ll I1ilro .. s timtd ;'l1 e cl T .. eell s ( 111 ) , Ralph Tripp IOllnd Lhat load-
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14 
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21 
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800 

H~ul" h. \ /'1". K<"J, I!, ,11'" '' ,,1 tlo" "'-ga",,· ,,,.,,,,, f./.:-.I \ ,·in.,,·'" g.", ... ".II,- klll" ",. w .1 t" dw i "'I1II"'~' ' .. 'I)t." .... · 

""h i" 7~1 1J d,,,, (1<4.111'1 ), "ulo ¡Iu' ."',,- 11 .... '· ,,1 111.· i,, ¡", ¡ .. "" < 1 ~"I H ).\'>''''",11> 1,'"111).: ,lit" ¡""g_1<" '" !I ,. lin­

, .. ,,"''''- " fp , () ,t'¡II-lg ' ''IIl I' I,· x,·~ "" lh.- " "LIC,' o , 1,,11;. "l. .. d ",,, l rnic ",11 , (11 11 "1. "1Iu" e d" n,,' _n-In ,,, t ... 

"~n',,;(n In. dw lIl"i"" ' ll a"c~' ,,1 i "fh "'I""" I ><'~ili(- ( :n , '" I -. d l ",, 'm,.n- (11 '1 ). hm .tI ,- I>,oh .• h " ,-"","11 " .,1 ¡.JI 

1\ (' d i ,,,," lO"" ,. (J,he' 1' •• lh,,).i;u" , ,,,ch .,, lh., ¡".'"I><-' ,iI-",,-., ""[\.,><"",,, jl! •• l.w':II11", m;11 11'"'" '''''''' 1\ ""'­

ph,,, I"I,'S ;I"d 1)(" ".,d" .,11\ "'." ,i'.II'· ",'o h,ic pll."" ( 1 :lO ) 

r,~I/.,. ( :1011,,1 '''';P,Hl''tllI ,,) d,,' ( .0 -1+ 111 [> .IIl .1 ( Il,,-l- ( - 1 1 l' ""'-; 111:( ,h.· .''-U'l· I' h .. .... , tll ,he r" 'I><''' ''' ¡. ,.:" ,,',11-

h ¡" l' )o;t l'.~ tll ,lit" ,,,,,,,h,',-,, .. ·. 1"",·,1, ,, ¡.:l·" ...... '· .1 ... n'''I.." .(' I'n •• "" "'1' 1II n , l' II .·, ... , ( ~n . P"I",I.II¡"'" .h", 
d .. ,,1 ,,,,1> 11,.. il1fo-,-,,() tI \1.,,,,",,,11,,' ( 1'1 1), " , 1''1'1'' ,, 1. • .-, ,·,,10<". d i.· n , ." ,. " ""1<',<,01, ,,,,<1 ( . n.p ¡"''1 " e", ¡ .. s " ';O, 
''' ' 11.11' ' 'I""",,\... ,hl\ ~,.,hl. · ,1""l·., I,," lo., ,11( ' lif, · , .1 . ' l. ,ho •. H .. " "".,,'" 11 ,."", .. ,. tI ,.. ," t¡""¡",, p l,.. ,,, .I\I'<· ,.1 
,1>,." 1_ ... · 11" ' ".1\ {,,, I¡ " , ~1 ' o", .I " ~" " 11,,,,. I~I, , 1"" ,):,' ,, ¡,lo tm,,' 

ing p¡'olif"cTa ¡in g: 1-~c:1I~ \ .... ilh BI-D C in VIVO led lo Ihe.' ..,;1111(' t: lren when the 

lymphoc)'lCS \ .... t..:rt; expo .... ed LO Ihe 1",..,( ... be.' ~lIl1 01' I ht..: Ilo\\' cytol'llcte r ( 112), Use 
0 1 Ibi s prolocol ind ic;\u:s lh ;1 1 Ihe CTLp number.., gellcr¡¡ led during: Ihe aCUle 

ph '-ISc.' o" t h e rc ... ponse to an inll Lle 11 i'a ¡-\ \ 11'11:-' ar(' 1ll0n,' I h:1I1 IO-fold in t'xCC.'iS 

of what \V(ll lld he expect(~d fnlm t · ... lim;¡leS 01' CTI.p fre'lIICncie.'s ( Fig , 6). 
SomL' of lhcse rr:'cell s ",i ll g i\'c ri se 10 lh e C:TL efl'-.'cLoJ"S thal are fOlllHI itl Ihe 

virlls-infencd rt':-.piJ"atory ILICl. hltl il see lll s Ihal rnan }' olhcrs ;;II'e 10'1. 
Mea!'>uring a vinl 'i specif,c CDH+ T-cell n:spon ~l" h v dleno!- ( :Tl. a,.,ays I¡¡kes 
no accOllnt 0(' lh,· CTLp 1l1lTllbtT~ lhat an' gene rat e cl , Ilo\\-'c\cr. lht, 11101'(' ex­
len,i\'e qU<1ntilalion 01" CTl.p rreqllclKies sho\\", olllv l h e bala!H"t' bCl\\'t'en 
CTI .pg(·ncralion <tIlt! loss, anrl cloes notgive a trllC e ... ,imale orIlle n:';1I nlag­

nitucle 01' an aCLt(e ho.,1 response, This i., less <1 pn>blclll wi d l T-et: 1I m elllo!"y, 

\\filen' Ihe cell populalions ar(' ll1rning OH ' }" al;1 mllch slowt'r rale (II~). 

Ilol/t('(J\'(({ <;i \: (JI I IIU' e((~' o/ r//{/I)\? 

The above cxpcricllce, logelherwillt lr ying 10 llnderslalld the nalllf"(, ol"r-ce ll 
m e mOl'), h a ... len m e \\' il ll ¡he ("(Hlvi( ¡ion thal lht' major dlalknge IU I" c{' lIlllar 

irnmunolog)' is lO clevelop a IllLKh cleart'r U!](lel"<; l<lllding 01' Iymphocytc ho-
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meostasis ( 11 4) " In Ih e pasl, llI<lny of u s would have followed Bllrllet's insight 
that the balance he l.' .... cen responsivcness and tolenmce is lile key quesLion, 
but recent sludies (particularly witil tran sgcn ic mice) have c1arified lhe issues, 

bJurred Ih e disLinclion alld made the lolcrance/ I"esponse Illantra 1css com ­

pelling (115)" 1l could be argued tha1 1Olerance/ rcsponse is s imply a 
more refined slate m ell l 01" Ihe hom eoslas is p,"oblt'lIl, huI lall g uage concli ­
tions, perceplions <lnd dclining lh e al"ea in Ihis ,vay foc uses :cIltcntion sole ly \0-

wards anligen and away l"I"om the IIlOI"e physiological mechanisms an" <[Ilan­

titative considel"<ttions lhat ¡¡rc also likely LO be enonnOllsly impOI"lalll " 
An obscssioll wilh Ilollleos lasis is d:clngerolls leITiLor)', as it has 1cd in the 

past 1.0 sorne ofLlle leas t usefu l and cxpensiv(~ eff( )r!.s in imlllllno!ogy" Evcn S(), 

it lllay be tim e for OW" expe l"imenl<tlly- based discipline 10 lake gn.:ater cogni­
zancc 01" ¡he contribll tion thal can be lIIade by thco¡"e tici ¡'llls, parti cubdy 

those who are 1ll01"e lIlath ematicall y inclin eel" A goocl eX~\lllpl e oflll e \Vay tilm 
quanl.itative anal)"sis ca n conlributc 10 the devcloprnent of belter prcdiclive 

models h:cls bccn providcel by n~ccnr delc!'l1linations 01" tile numbCI'S of\"inls 
infected cclls ( 116) ill people infccted \Vith tile hum;Ul inllllunoeleficie n cy 

virus ( 1-1 IV). Influen za vil'us-spec ilic memor), CDR\ T-cells sce m to show a 

remal'kablc constancy in fl'equency over a very long p(;,' iod (F ig" 6), Is tllis an 
example ( 117 ) ofa c haoLÍc syste m ? l\"ow th;:ll \Ve an~ sl<.Il"Iing 10 gcncrale use­
fui numbcrs , ,,'e !leed lhe h e lp of people ,,,hose husincss Is nllmbel's" 

CONCLCSIOt\S 

Th e need 10 dc .. d wÍlIl pathogens has e1riven Ih e evolurioll of ,he vertebl'ale 

immune sys telll, so it should nOl he SUl'pdsillg tha!. experiments wilh infec­

liollS agcnts h:.lvC often illllminatcd key eJernellls of" the unclcdying lIl ec ha­

nisllls" "rhe discovery 01" MIIC ¡"eslricrion anel lhc dc"elopmcnt of tile single 
TeR ";.¡I((~r'cd" self hypol hesis is a c1assical exalllplc 01" hO\v inlel"fa<.:ing diffcr­
e nl sc ic lll.ifi<: disc iplin es anel ,vays 01" Lhinking, an int-'vilabl e consequcncc of 

sludying vi ral pathogcnesis, ean Icad 10;'¡ m,~jol" paradigm shirt. The progress 
lhíl.1 was madc ove!' Ihe sllhseq uenl lO ycars, and lhe intellectual dircclions 

Ihal wen: followcd a s a consequcnce 01" lhis simple, operational h ypOlhcs is 
lell Wi a g l"eal dl";d abolll the power of id ea~. This is 1I0!. to eleery lile illlpot"­

tance uf" lec hnolop;y" Olll' success depended lorally 011 lil e ¡¡,"ai!;\bi!il}' nI" Ihe 
:> Ier rc!easc CTL assay and inhn'e1 1ll0LLSe sll"ains, both ofwhich 11<.Id becll de­

veloped lO stlldy alloreaclivit)'. Thc expe l"iTllenl S \ven"" done in Ihe contl"xt n I" 
all e xperimental fralllc,,"ork lhal W;1S bein g llS("c! to dissec I T-ce ll I "espotl~ivt'­

ncss, the imlllunopaIIH)I()gy ()I" LCrvrV illfcclion, .. tncl Ihe n;.tllll"<' ()f CMI I.() 

L. mOJ/o()"logrllrl" and cetn.l lllelia Vil"ll~" The local intelleclual enVinlllInelL1 was 
strong, .lIld heavily focllsed on Lile ¡ilcll c urren t (ot"ef .. unl nI" illllllllllology re­
searc h" Being isol<lled ill those pre-F.A.X and e-m .. lil days in AlIstralia W~l" a 
great ad\"antagc, as il allowcd linH:' to dis('ll-;S <Lnd lo think things thnlllgh" \\'c 

had olllspokcn ;lnrl in!()l'1nerllocal c l"Íl.i c-; , Ihe rrcedom <\Ild I"C:-'()lIl"("("S lo pur­
sue Olll" OWIL ideas and \\'el'e givcn ful! cred il ror (Jllr eflOI"IS" Tho:-.c 01 \1<; whn 
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llave senio t" roles in scic n ce n eed lO d o cve t"ylhing possiblc lo t"nsure Ihal 
comparable ()ppo rtltni rics and c n vin>nmc nts I"elllaill <lvailablc lO yOll ng sci­
Clll ists. 
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