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Fom somsue years the imnununofluorescent f cc-h-

nsiquie, usimsg o-lassical antiviral inusmssune sera, has

been a unselumh tool in the studs- of tunsonigenic

viruses. Pnobably the ussost insl)ortant examssphe of

its ability to localize antigen-antibody nc-action at-

the cellular level was the study of Noyes and

Mellors (1957) who show-ed that the viral anutigen

of rabbit l)apilhoussa virus us-as not present in the

�uohifenating layem- of a pal)ihloussa, but only in

nsore susperficial cells about to I)econse keratin-

ized. Iusinusiunofluom-escent- detections of l)OlYOmssa

vimus huno\iuled the i)asis for a valuable study of

the distribution of the virus during the acute stage

of infections (Levinthal et al., 1962), and the finud-

ing that Roums virus antigen is localized to the cell

nsensbranse Plovided the basis for a theory of its

nsechanismus of oncogenesis (Vogt and Rubin,

1962). Ims quuantitative studies of cell transforma-

tion by pohyomusa and SV4O viruses, insnsunofluo-

nc-scent stuulies have hurovided additional quanti-

tative l)anamuiefers, such as the proportion of cells

taking ins vimus and the proportion replicating the

virus (Fraser and Ghanpure, 1962).

How-even, ins a ussost- imporfanst anea of viral

omscology , classical iunmunofluorescence has been

disappointingly negative, that is, in u-elatioms to

f-he question of persistence of virus or viral musa-

tenial in vinuus-induced tuussors. Many tunssors ausd

tm-anslom-uised tissue cullture cell lines induced by

polyoissa, rabbit- h)apilloma and SV4O viruses are

devoid of inuiectious virus, amid ademuovirus-in-

duced tusussoms are uniformly virus-free, bunt cvi-

dence lsomus transplant rejection (Habel, 1961;

Sjogieus et at., 1961) and sl)ecial virus retrieval

studies (Gerber and Kirschstein, 1962; Sabin amid

Koch, 1963; Black et a!., 1963) has given indica-

tions that vim-al genetic material indeed is present

in the noniniectious tumnsors. Ims these s�-stensss

searches lou virus influence by imssmunofluoreseent

tests with antiviral insnsune sc-na have only con-

fimnsed the negative virus isolation test-s SV4O

Hanssster tusnsor cell lines in which at least the

nsajority of cells have the unexpressed potential

los- produlcinsg infectious vinus give no staining

with amutiviral seruns (Pope and Rouse, 1964a);

even transformed cell lines us-hich do chronically

l)roduce vinus show- staining of only one cell per

10,000.

The nesohustiomu of this hmrobhens has course aboust

as an outgrowth of the discovery by Huebner et

al (1963) of a previously unknown class of virus-

insduced antigemis l)rodult-ed 1w nsoninfectiouus

tumors. The basic observation is that rodents,

I)articuharl� hanussters, -arrying DNA virus-in-
duced tunsors olevehop comnplensent fixing (CF)

antibodies reactive with extracts of the tunnssors

and also neat-five us-it-h certain antigens produced

l)y the vinms dulring omdimuary cytolytic imufectioms.

The essential point- is that these antibodies are

nsot- directed against the o-lassical antigens of the

virus particle (with one insportant exception

(Humebner ci aL, 191Mb)) but against virus-ins-

duiced proteins which, as far as is known, are not

utilized as structural consponents of the virus

ruauticle. These antigens, now ternsed neoant-igens,
or T antigens, are smaller than the virus, am e gen-

c-rally more heat labile and appear to be very

poorly antigenic. It is prol)abhy because of their

low antigenicity that tunsor-beaning aninsals pro-

vide the only present source of antibodies against

the neoantigens, the antigen-rich tumor providing

a continual source of nsassive antigenic stimula-

tion.

The use of these neoanstigenu-reactive tunsored

hansster sc-na for inunsunofluorescent studies has in

large part confiruused the patterns delineated by

CF testing and has contributed musuch iuew infor-

nsation by �)erussitfinug examination at the cellular

level. The particullar usefulness of the FA pro-

cc-dune has been in �)roviding inforunation on the

1)roporfion of cells producing the neoantigens, on

the intracellular localization and nuorphology of

the various antigens and em the qusant-itative as-

pc-ct-s of their formusation in infected cells.

For FA study, o-ehhs are grown on coverslips in

pc-tn dishes and fixed in told acetone. Tusmoned

hansster sera, selected on the basis of having high

titer CF antibody against tunsor extracts, are

tested by the indirect FA test using fluorescein

isothiocyanate-conjugated goat anti-hansster
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}uG. 1 5V40 Tramssfounnssed istunsanu cells stainsed
with 5V40 tomnuo)red imanusstem scnmnmus.

gltmhuuhims (imno-imameol b\- 1�a1tinsioumo- Biomlomgios J�ttlmo-

matommv) . _-\mmti-vinal imsumusunust- sena, n(-aotivt- withs the

imifeol i(mtls \ittls amid flue o-hassioah somlunble amstigemus

bumt tiomt with mseouanstigens-�, at tlseol as time-of t-omns-

juigates. hmi nsuuso-hs oil tiny us-turk mhuomoiamssinie o-omulnstem-

sfaimuimsg hsas h)etms umseol wit hu hsighulv sat islao-t omv

r(-�.lllts.

1’�’.:� slaitsitig oil SV4O-imalusoeol tumusom tells has

givo-ms �-o-rv t-leanouf n-suulfs (Pompe amsol H(uuse,

l#{176}.)64a; Hap�u (1 ui!, 1964a) . All tumsson tells show

bnilhianmt , sjuooifio sfainsimsg ��it is S\40-i uunssonetl

isamssstem st-nunnss.‘Flue staimsing is ne�fmio-ted tom the

msuno-lt-us:t�u�meamimsg as a huomusougo-nso-ouulsout-slightly

gransulam musatemial umsiiommsily fillinig the nsuso-leuss

bust spaninsg flue nsucleoli. In flue nusultimiust-leated

giamml tells, whsio-huate highly chanao-to-nisl it oilSV4O

tumisours, every muuicleus is intemiso-lv stainst-ol. Memst

iniuhmortanut, iolemui it-al results am-c- oul)taitseol us-hems the

SV4O-tumnomed huamusstem serumsu is usc-oh to) stain

auuy slmeo-ies o-ell Iramssfo)rnuseul by SV4O; huanssster,

rabbit, msuoulse, pig ansd hunsans tnamsslomrnneoi tells

all give 99 Io l00� �- bright nua-lt-an staimsinig (Fig.

1). ‘l’hsis o)h)semvation has beets imamtio-ulanly ins-

pomtant- bun ins(hi(atinsg that the- mucoansfigens is
umsder viral gene-fit o-onsfrol, ansel that Iut��mso-e of

ths(- mseouamst igens olo)es indio-ate I mensisfemuce of vimal

ge-lies ins flit- tells mat lieu I huams a stable de-rej utessio)ni

oil host gent-s. Funthem evidtmsoe Ion viral ge-tic-tic

o-ontmo)l was Iuuomvieleol huy fist olemssomsstm-atioms tluat

t he FA-stai nuable antigens a� uI)t-am-t-( I ohunmimig t-hue

acunte iel)hicafive infection of SV4O ins nsu)mske-v anud

athen s�)eties tells. ‘Flue amufigens appears ins flue

niuc-heuss well 1)0-lore viral antigens, and ins its up-

leamamsd-e ansol senohogio- meao-tivity is idemsticah to

that in the lunusor cells.

Ins l)rimscihmht-, the fimsdimsgs with aoiemso)vinus fun-

15501-s (Pope antI Ho��e, 1964b) Isave been thse sansie

as with SV4O, but fist- ok-tails are far nssone conss-

plex chic to) the great usumnsibt-n- ol antigens (hmossibh�-

10 on- 20) h)10(htsutOl l�- the largen adenovimtss

genonne. Tulussors h)nooluco-(l Isy Ad. 12, us-hens re-

ac-ted with Ad. 12 fuunssommed hamssstem semummu, agaims

show specific- staimsing in essentially 100#{176}�e)f tells,

regardless oil species cml onigin (hamster, rat on

susouse) . The nssorphologv ausd ulistm-ibutions of the

antigen is quite ehiffenenuf fm-onus that of SV4O; it is

-haractenisticellv seen as nuunuserous elomugateel

rods, nseedles or fibers thuroughotlt the msuloleuns

and cvtoplasns somnetinuses against a homsiogense-

ouslv stainied backgnoumnud. ‘I’huis fleck-type mssor-

phology is highly uniquse; it is not seems with FA

stainirsg of the elassio-al aele’mumviruss antigemis, that

is, f-hose that- musake up the’ iniectiomus iuamtiole, amud

has not bet-n oubsenveol with any umfhsen grouusp oil

virunses.

_\.cusfely inleottd tells also synitlue-ize tlse fleok

anstigenis. .�gainu, the nseoanstigens an-c- fo)nmssool ean�

lieu thans the struso-fural amutigemis, the tommsser ap-

peaninug at 6-S him-, and the hatter at 14-18 hun-. hue

neoantigenss ins flit- nsuso-leuns show a o-lsanao-tenistic

niom�uhoiogio sequensce- ins the ac-ustely imslo-o-tcol

cells. Tho- amutigemi fin-st appears as a lu-us lunight

dots, witluins a bo�us- luomums devekuhms imstou lunge

nsasses ol fleo-ks ansel fibn-ihs (Fig. 2) amsol aftem

ansothuer 6- 12 iiOUt5 tm so elee-measts ins amuuoumst

anti -oaheso-e-s imste coam-se- lmusmsdhes amsol mimugs (Fig.

3). This is ins mssarkeel contmast to flit- fulmusoun o-e-lls

wluem-e flue unit igens o�omutinuually memusaimis ins I hut- fit-ok

fommus.

Ins mssounikev aniol hsamsistem cells, whit-Is timso lenga

aI)ort ive in ileot ions, t hat is, insiee-f iati wisiohu nsuay

be- ac-o-onuiiuansieol by �-inal e-vfO�)atl50ugenuitity hunt

with little our iso hurodue-tioms of infect iosus vinuns, flue

fleo-k-shiahuo-d mso-o)amutigemssau-c bornssed as effio-iemstly

as ins bushy sussoelut ibhe -ehls; bust FA-st amiable

vim-al antigo-ns ohoes mieut- �I)l)��F (Poime amid Howe,

1964h) - \\ifh 1)0th aolenoviruss anuel SV40, a t-umsu-

1)amah)he’ di-somoiat iO)ti is iunumeiuseeel by t no-at mug sums-
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FIG. 2. Humnuans enubnyonic kidnsey cells in tissue cuuhtune insfecfed wit hi adensovinus (type 12) 18 hum-previ
ously. Staiused with Ad. 12 tummoned hansster serumnu. The cell in the c-enter shows miunclear amid e\-taplasnuuic
antigen insthe form of flecks and needles.

FIG. 3. Ilummami emhnyomuic kidney cells ins tissume cuhtuine imsfected us-iths adensavinus (type 7) 24 hun lrevi-
oushy. Stained with Ad. 12 tuumoned hamster serunm. Antigen is restricted to thue msuneheus ausd is ehsief1�- ins
the form of rings, dots and flecks.

ceptibhe cells with inhibitons of 1)NA synthesis,

cvfosine asabinoside (Rapp et a!., 1965a) oi-

fluomouracil eleoxvniboside (FUDR) (Gilden et a!.,

1965; Rowe et a!., 1965) ; treated cells show inn-

innpained fonnsiation of neoanstigens, l)Ut ussarked

inuhibitions or c-oiuiplete suppression of fonnsations

of the haten \-inal aisfigens. It thus appears likely

tluaf useoantigens are founsed by flue I)NA of flue

inpusf virus while �-inah stmuic-fisna-l pmoteimus nequnire

nueus I)NA syntluesis.

In pnehiminary FA stunchies with iuaisssfer tuusious

imuihuced with Ad. 7, we have nsot found the con-

sistency of 1)attemns seems with Ad. 12. Fiust, tu-

nsos-s induced by different stsains of Ad. 7 differ

ussaskedly in conteust of FA-stainable antigen. Also,

then-c is nsarked vaniation bet weems scm-a of corn-

paiable CF reactivity, both with uegan-d to peu-

cent of tunsor cells stained, nanging lnons 5-50%

for reactive tunsois, amid apparently with regard

to nuouphology of the antigen. Ins acutely infect eel

tissue culture cells, we find that sonic luansster

sen-a stain flecks, athens stain inclusion-body type

nusasses and othems staims more ansou-piuouus iuua-

tenial. It seenus pnoi)ah)le that A#{128}l.7 tumuslm)m-S ohiffer

in eithem the propoutions of cells caimyimug flue vim-al

gensousse or in expressions of flue gemuonsie ins svnt hue.-

sis of different- antigemss.

Iii addition to f-heir value as specific ohiagmsastic

ic-agents Ion viral tuunsons amid flue imssighuts inito

vu-al l)ersistence ins tuuusson-s amid flue o-a-mlv events

in �-imal iel)lic-ation j)moviulecl l�- mueoanstige-ms-nc-

active tusussomeci huaussstem- -sc-na , t huese u-eago-mst s lsave

l)uo\-ecl of gueat �-aluse iuu othuem ameas. Fin-st , be-
cause of the high efficiemscv of uueoanstigc-ms ins(iuc-

tioms ims the fin-st cycle of inuiec-fioms we cans (lefe-r-

fliifle flue fifem of achenuo�-imumses wills luuecisiomms iii a

1-clay test sinus�)ly h�- deteuussininsg the lunouhut)nt ion

of cells showing specific- usunu-heamstaimsinsg at 21-24

hn; titeus so obtained am-c withius amse-huaht tom onse

log of the infectivity fifes- obtaimseol a ins 3-4 week

test- iiithe nsosf senssit-ive dell system (Howe et al,

1965). Secomud, by flue use of mueoanstige-ns-m-euu-tive

sc-ma it- has been possible nec-emit hy to demssamsst i-ate

huybmidizat ion be-f w-eens usnuehafeol 1)XA vin-unses, in

that stuains of sc-venal ade-muovirus type-s whuichu had

1)0-0-ms glow-n with SV4O amid ftc-ed of imslecfioiss
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SV4O by antiseruuss are o-armyimsg the 5V40 gene

for miee)antigems productions withsimi the adenovirus

h)artit-l(- (Huebmser et al, 1964a; Row-c amsd 1�aunss,

1964; Rapp et a!., 1964b). These adenoviruses

proclusce tumusors in hanssfers w-hich are primarily
of 8V40 histology (and so-rologv) ; without neo-

amstigemu reagents this paradoxical ol)servation

couild pro)bably not have bc-ems clamified.

Al)Phieation of the SV4O and Ad. 12 model (CF

and � reactivity betweens a f-unison ansd late

sc-runs from flue tunsoue(i host) to hunusan tumusors

hsas givems olisa�)poinfinsgly negative nesunlts. Both

Huebnser (pe-msonal comssnssumsication) unset Rapp et

a!. (1965b) have studied lan-ge msusnshers ol husnusan

funsons for auntologous amid hiomusologous serusm re-

activity withsoust convinc-imsg evidence cml specific

meact ion. However, flue variable- of anutibody re-

Sh)Ot5SC in the vamious ussodel svstemsis is so gm-eat

that a negative result cannot be imutenpret-ed as

imudi-atinsg abse-nsc-e of h)emsistent vimal nssatenial.

In o-onchusion, I should like to) exl)m-ess nusy ad-

mssiraf ion for the power and simsiplieify ol the fluo-

rescenst antibody technique. Several yeams ago, I

heard I )r. Coonss preface an acIdness oni ilssnsuno-

flusoneso-ensce with the apology that he is like a

singer with a repertory of a single somug Even if

this us-c-re true, us-hic-h it is nsot, today’s synssposium

huas provided fusrther luroot that- this sonsg is like a

Mozart aria, subject to e-uunt less 1)eauutiful van-

atiemns.
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