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CELL SURFACE ANTIGENS INDUCED BY poxViRUSES

I. EFFECTS OF ANTIMETABOLITES ON CELL SURFACE
ANTIGENS

HIROYUKI A{IYAAilOTO and SHIR0 1< ATO

Department of Pathology, Research Institute for \Iicrobial Diseases, Osaka University,
Yamada-kami, Suita, Osaka

(R, ceiv. d May, 6, 1971)

UNIXIARY A virusindu. ,d coll coffint antig. n (VICSA) of FL or RKl colts
infected with poxvirus \\, as demonstrated by immune ITemadsorption (IHAd) and

BIKE\ IOCR\AL \/o1.14,311-32+, 1971

the fluorescent antibod}, technique \\, ithout fixation (uf FAT). Sera from rabbits
jinmunized with Shope fibroma \, irus (SFV) OA strain, cowpox virus (CP\;) LB red
strain (CFVR) and FL cells \\, ere LISed.

\'ICSA \\, as observed bet\\. een antiviral sera and FL cells infected \\. ith hornologous
VICSA \\, as detectable on the surface of cells infected \\, ith CFVR frompoxviruses

2 hr after infection, and in cells infected \\, ith SF\; OA from 10 hr after infection by
IHAd or uf FAT.

The cross reactions of VICSA between anti-CPVR rabbit serum and cells infected

\^ith two strains of vaccinia \, irus (Ikeda and Ecuador-A10scow 63), several strains of
CF\; (50,51,58 and Am stetdam), ectromelia \, irus (Hampstead) and variola virus
(Harvey) were all positive by IHAd and uf FAT. But \;ICSA of cells infected \\, itIl
SF\I OA only gave a \\, eak positive reactioit by IHAd.

The surface antigcns of the host cells thcmselves \\, ere not affected appreciably by
virus infection, and may overlap virus induced antigens after infection, since unin-
fected FL cells and FL cells infected witli CFVR or SF\I OA botl\ gave strongly POSi-
tive IHAd \\, ith anti-FL cell scrum.

Formation of \;ICSA on cells infected \\. ith CPVR \\, as ITot inhibited by the pres-
ence of cytosine arabinoside or 5'-2'-fluorodeoxyuridine. This indicates that the
production of \11CSA is independent of the replication of \, ITal DNA. \\Ihen actino-
mycin S or PUTon, ycin was added \\, ithin I hr or 3 hr, respectively, after infection, no
\'ICSA could be detected. This suggested that the \'ICS, \ is a protein synthcsized
within 3 hr after infection, and that its synthesis is mediated by messenger RNA
transcribed \\, ithin I hr after infection.

Cells infected \\, ith CFVR showed simple hemadsorption with chick red cells
mediated by hemagglutinin induced by \, irus infection. Cells infected \\. itIT CFVR
in the presence of cytosine arabinoside did not sho\\, simple Ilemadsorption but still
produced \'ICSA. \'ICSA could be demonstrated in cells infected \\, inT SF\: OA
\^hiclT does not induce hemagglutinin. These results suggest that \:ICSA of poxvirus
is not identical \\, ith ITemagglutinin.
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INTRODUCTION

A virus-induced cell surface antigen (VICSA)
has been demonstrated by several different
jinmunological methods on transformed cells
after infection with several viruses. The

method used were the complement fixation test
(Black et a1. , 1963 ; Huebner at a1. , 1963 ;
Sabin and Koch. , 1964; Habel at a1. , 1965;
Defendi at a1. , 1964), the fluorescent antibody
rechniqne (FAT) (T. vathi" at a1. , 1965^ b ;
1968; ITlin, 1967; Kluchareva at a1. , 1967;
A, Ialmgren et a1. , 1968 ; Diamandopoulos at al. ,
1968), the transplantation immunity test
(Khera at a1. , 1963; Habel and Eddy, 1963;
Defendi, 1963 ; Deichman and Kluchareva,
1964; Eddy et a1. , 1964; Rapp at a1. , 1966)
and the colony inhibition test (HellstrOm and
Sj6gren, 1967; Hellstr6m and Hellstrom,
1969). Hamada and Uet"ke (1968) chowed that
the appearance of \11CSA on cells infected with
several highly on cogenic adenoviruses (Type
12,18 and 7) was popular phenomen regardless
of the abortive infection occasionally resulting
in cellular transformate or productive. \;ICSA
has also been demonstrated in the cytolytic
cycle of infection with Polyoma virus and SV40
(min, 1967; Kluchar. *," at a1. , 1967).

VISCAin cultured cellsinfected with various

nononcogenic viruses has been demonstrated
by immune hamadsorpti, n (IHAd) (F, groan^
and ESPmark, 1961). Positive results were ob-
tamed \\, ith cells infected with vaccinia, measles
and can ine distemper viruses (Fagraeus and
ESPmar1<, 1961). However, the possibility
that the hemagglutinin of these \, Iruses on the
surface of virus-infected cells Is involved has
not been excluded.

In preliminary work (Allyamoto and Kato,
1968), \11CSA was demonstrated on cells in-
fected \\, ith several cowpox viruses (hemag-
glutinin +) and with Shope fibroma virus
(ham^gglutinin -) using IHAd and th, flu. -
rescent antibody, technique without fixation
(uf FAT). Furthermore, in the presence of
cytosine arabinoside, cells Infected with
poxvirus failed to show viral DNA synthesis or

simple hemadsorption with chick red blood
cells but still produced \TICSA.

U, d, at a1. (1969) al^. d, in. net"at*d \;ICSA
on cells infected witl\ vaccinia virus by uf FAT.

This paper reports the effects of antime-
tabolites on the induction of \;ICSA by on-
cogenic and nononcogenic poxviruses.

A, IATERIALS AND METHODS

I. C, 1/3 and 111ed^h

A cloned line of FL cells (derived from ITUntan
amnion cells) and BSCl cells (derived from African
greeit ntonkey, 1<1dney, cells) \\. ere growl, in Eagle s
minimunT essential medium (Eagle's MEM) (Eagle,
1959) \\, Ih 5% heat Inacti\, ated calf serum. RKl
cells (derived from Rabbit 1<idney, cells) \\, ere grown
in Ham F 12 medium (Ham, 1965) with 10% heat
Inactivated calf serum. All media contained 100

tinitslml of penicilliiT and 100 11gjml of streptomycin.
FL cells \\ere removed from the bottle \\. ith phDs-

phate buffer saline \\, ithout Mg" and Ca" (PBS -)
(Merchant at a1. , 1960) with 0.02% EDTA and RKl
or BSCl cells were removed \\. ith PBS (-) \\, ith

0.25% trypsin (Difc0 I : 250)
Cells \\. ere dispersed in Leighton tubes eaclt con-

taming a coverslip (11x 42 mm). Monolayer CUI-
tures of FL or RKl were infected with virus. Each

Leighton tube contained about 5 x 10' cells. Mono-
layer cultures of BSCl cells in piaque bottles \\. ere
used for assay of PIaque forming tinits of CPVR

2. F1, i'ses

Shope fibroma \. irus (SFV) OA strain (hemagglu-
tin -) from the American Type Collection Center
\\. as passaged Intracutaneously in rabbits 4 times, and
in primary rabbit kidney cells 8 times. Then it \\, as
passaged RKl cells. \JITLis at the 4th passage level
was LISed as the stock virus solution

Cowpox \, irus (CPV) LB red straiiT (CPVR) has
been serialIy passaged in FL cells in this laboratory
since 1958 (Kato at a1. , 1959). Other strains of
CP\J (50,51,58 and Amsterdam) originally obtained
from Dr. R. Gispen (NTH Utrecht, Netherlands)
have been maintained in FL cells in this laboratory
since 1963

Vaccinia \, irus (Ikeda and ECLiador-MOSc0\\ 63
strain), variola virus (Harvey, strain) and ectromelia
virus (Hampstead strain) were also used

Stock solutions of these viruses \\. ere obtained as
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follows. T\\, enty-four itr after infection with tlTese
viruses, cells \\, ere centrifLiged and suspended in
Eagle's itIEi\I or Ham F 12 without serum and dis-
rtipted b} sonic \, Ibration at 1,000 cycles per second
for 5 min \\. itit a Toy0 200 watt 20 Kc magneto-
strictive oscillator. TITe sonicated samples \\'ere
centrifuged at 3,000 revlntin and the supernatants
\^ere stored in a Reveco at -120 C as virus stocl<
preparations

3. rlssnj, pi DCedi, ICs

SF\I \\ as titrated as described previously by 1<nto
et a1. (1963 c). The SFV index \\. as also Lised foi.
titration of SFV as follows. Serial dilutions of stocl<
virus \\'ere made \\. itit }jam F 12. A1iquots of 0.5 in I
of viral suspension \\. ere inocul;ited Into monolaver
CLIltures of RKl cells in Leighton tubes. The
number of cells bearing " B " type inclusion bodies,
Indicating \, ITal multiplication at a cellular level, \\, as
counted aifter incubation for 24 hr (Kato at al. ,
1963 b), and the percentage of inclusion bearing cells
instead of tumor forming tinits is expressed its tl, e
SF\J index

Infectivity of CP\IR \\ as assayed on monola}. CT
CLIltures of BSCl cells and titers are expressed as
PIaqtic fomting units (PFU)

Iected. The titer in the complement fixing antibod\,
reaction was v 512

2) ,\nti-CPVR immune rabbit serum
One milliliter of diluted stock solution of CP\JR

(104 FFUjml) \\. as injected into the skin of tl\e back
of a rabbit. An Inflammatory reaction occurred at
the site of \, iius inoculation, \\. hich persisted for a
montlT and then ceased leaving a scar. T\\'o months
after \. Irus inoculation immune serum \\, as obtained
The titer of tl\e serum in the complement fixation
antibody reaction \\. as x 1024

3) Anti-FL cell immune rabbit serLim
A suspension of \\ ashed FL cells front a full\

gro\\n culture bottle was mixed with an equal \, o1ume
of complete Freund's adjuvailt to give an emulsion of
cell antigen. One milliliter of the emulsion, con-
taining 11 10' cells, \\as inDCulated into rabbits int-
racutaneously 3 to 4 times at Intervals of 2 weeks

One ntoiitlT after the last inoculation, blood was
collected after the serum had been tested by IHAd
The IHAd titer of tl, e anti-FL cell scrum \\. as I x 10'
No reaction of the serum against RKl cells \\."s
detected b\, IHAd

4) Other anti-viral sera

Altti-SV 40 and -poll'oma virLis immune rabbit
sera were 1<1ndly supplied by, Dr. A. I{akura of this
Institute

Anti-chikungunya virus (Ch \I) and -Japanese B
encephalitis virus Immune rabbit sera \\ere also sup-
plied by Dr. M. A, Iantani of this laboratory aiTd by.
Dr. 1<. Talkal<u (Kanonji institute of the Research
Foundation for A, Iicrobial Diseases of OSal<a Univei. -
sity, 1< agriwa)
5) Other antisera

Anti-sheep erythrocyte Immune rabbit serum

(Hemolysin) \\'it IT a titer of I 4000 \\, as purchased
from NIIdori Iaii, OSal<a

A1Tti-rabbit y-glubulin goat serun\

(Coombs' serum) \\. as purchased from I{}. land I, ,-
borntories, USA. , and kindly supplied by Dr. K
Kano (State University. of Ne\\, York, Baffalo) and
Dr. S. Tanabe of this InstitLite

Normal rabbit serum \\. as obtained front newl\
purchased nitimals

4. I'llectio, ,

An inoculum of 0.5 in I of virLis solution \\'as in-
troduced into each Leighton tube. TITc inoculum
of SF\, OA had an SF\7 index of ithout 100. Tl, e
multiplicity, of infectioi, of CFVR \\, as I to 10. 111-
rected cultures \\ ere washed tlTree times \\. ith 3 in I
volumes of }Ianl<s' salt solution after I hr and 31Tr
incubation periods for adsorption of CPVR and
SFV OA, respectively, and fresli InediunT \\'"s added

5. 111,111,111, Sri'd

Domestic rabbits, \\. eighii, g 3 to 41<g, were Liscd
to obtain I, }, perlmmune sera
I) Anti-SF\J immune rabbit serum

Rabbits \\'ere in DCulated intracutaneousl\, \\ ith

stocl< solution of SF\7 OA. The tumor gre\\. pro-
gressivel}. at tite site of \'irus inoculation. .\bout telT
days later, the tumors ceased to increase in size, and
begait to degenerate showing crust formation. About
one month later, the crust desquamated and finalIv
disappeared completely (Kato at a1. , 1963 c). Titeit
a stocl< solution of SF\I OA was 11.0culnted intra-
\'enously t\^o or three times at \\. eekl\, intervals. Ten
to 15 days after the last inocLilation, blood \\'as col-

6. 1111/11/11, e lienindsoiy, 1,011 PI DC, d, 11e

The jinmtine Itemndsorptioit procedure, originally
described by A, Iilgrom at a1. (1964), was carried out
as described previousl}. (Ally. amoto and 1< at0,1968)
\701umes of I in I of antiscra \\ ere put into a series of
tubes \\1111 ntonola}ers. Tlte tubes were 1<ept for

NilVA\10TO, H. and S. 1<ATO C, // $111'10ce nil!Jin, 1'11di!c"if 61, pox"1'1'!, s

immune
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I hr at room temperature. Then the monolayers
\\ ere washed three times witlT Hanks' salt solution

in this experiment, Indicator cells were prepared
as follows. Sheep red blood cells (SR) \\. ere \\, ashed
with PBS (-) until the supernatant fluid became
dear. and then 490 suspension of cells in PBS (-)
\\ as prepared. Sensitized sheep red blood cells (SSR)
\^ere prepared by mixing tite SR suspension \Tith an
equal \, o1ume of ITemolysin diluted sumciently not to
cause agglutination (usually I : 320). The mixtLire \\, as
incubated for 30 ntin at 37 C. Then the cells were
\^ashed three times \\itIT PBS (-) and resuspended
in PBS (-) at a concentratioiT of 296. The SSR
suspension \\, as then mixed with an equal volume of
10-fold diluted Coombs' serum and stood for I lit

Under these conditions,temperatureat room

sensitized red blood cells sho\\'ed strong agglutina-
tion \\, ith 10-fold diluted Coombs' serum. The

rigglutinated erythrocytes were washed by shaking
them vigorously titree times \\'ith PBS (-). Then
they. were resuspended in culture mediunT \\. Ithout
calf serum at a concentration of 0.5%, as complete
indicator cells (CTC)

As colttrols throughout these experiments simple
indicator cells \\'ere Lised, namely 0.5% suspensions
of SR or SSR

Eaclt cell culture \\ as mixed \\. Ith 1.0 inI of In-
dicator cells and 1<ept for. I hr at room temperature
in a horizontal position witlt the ntonolayer at the
bottom to permit the erythrocytes to settle on the
surface of the monolayers. Then the tube was

gently shaken, and inverted (monolayer tip), and the
adherence of the erythrocytes to the monolayers was
exantined Linder the microscope

In a negati\. e reaction (-), no cells adhered to the
monolayer or only a few single red blood cells or
small clumps of erythroc\, tes \\ ere \, ismle on the
monolayer. 11T a weakly positive reactions (7), 10
to 30% of the itTonolayer surface was covered \\, ith
erythrocytes. in a moderately positive reaction
(2+), 30 to 7096 of the surface was covered and in a
strongly positive reaction (3+) from 70% to the
\\ it o1e surface was he a\, 11y covered \\'ith red blood
cells and the outlines of the cultured cells were hardly
reco, ,nizable. The reaction titer is expressed as the

reciprocal of the highest antiserunt dilution that gave
at least a 2+ reaction

nonspecific factors on adhesion to the tested cells.
Two parts of antiserum diluted I : 10, were mixed
^. ith one part of SR and stood at room temperature
for 30 min and theit at 4C for 30 min. Then the
mixture \\ as centrifuged at 3,000 revjmiit to remove
SR. T\\o parts of the supernatant \\'ere mixed with
one part of \\, et packed cells, treated agaiit as de-
scribed above and the IT centriftiged at 8,000 revjntin
to remove cells

8. Filloi'esce, !t rilli!body tech, 11q!Ie

I) Preparation of fluoresceiiT conjugated antibody
The method described by 1<a\\amurn (1969) \\'as

Ammonium sulfateslightly modified as follo\\'s
was added to antiserum to give 50% saturation. The
mixture was stirred at room temperature for I ITr
and then centrifLiged at 10,000x g for 20 min. The
precipitate \\. as dissolved in the original volume of
PBS (-). Ammonium sulfate \\, as added to give
33 % saturation and the mixture was stirred at room
temperature for I hr. The precipitate \\ as dissol\, ed
in PBS (-) as described above. This procedure \\, as

Then the ammonium sulfaterepeated three times
was removed by chromatograph}' on Sephadex G25
The rabbit y-globulin obtained was conjugated with
BUDrescein isothiocyanate (FITC) (Balltimore Bio-
logical Laboratories) by adding 0.01 ntg of FITC
per rug of protein in solution adjusted to pH 9.5
\\ith 0.5 xi carbonate buffer solutioit before mixing
The mixture was stirred gentl}, at IOC for 18 hr and
then cltromatographed o1t Sephadex G25 to reino\, e
uriconjugated FITC. The emuent \\. as fraction ated

Fractionsb\. DEAE-cellulose chromatograplTy
witlt \\, hiclt a) tininfected cell were not stained and b)
specific fluorescence was blocked by preincubatioit of
a coverslip preparation \\. itit rabbit antiserum, \\. CTe
used

2) Procedure for staining witl\ fluorescent antibody
For staining, fluorescent antibody was diluted 4-

fold in all experiments. The staining titer of FITC
conjugated y-globulin was x 32
a) Fixed preparations

Cells on coverslips were dried and fixed \\ith
acetone at room temperature for 10 ruin. Then each
preparation was covered witlT FITC coltjugated y-
globulin, and left for Ihr at 37C in a moist
chamber. Then the samples were washed repeatedly
with PBS (-) and coered \\, ith a drop of mounting
medium (glycerol diluted \\. itIt PBS (-))
b) Unfixed preparations

Cell cultures infected \\, itIT \, Irus were washed with

7. absoiptio, , pi Deed, ,I'e of sei"
All anti-viral sera \\, ere absorbed \\itit a wet pre-

cipitate of \\ ashed SR and FL cells to eliminate
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PBS ( -), and immediately co\, ered \\, ith FITC con-
jugated ;,-globulin. After incubatioiT foi 45 min at
37 C in a moist chamber, the samples \\ere washed
with PBS (-), and mounted as described above

Fluorescence was observed Linder a Nil<on fluorc-

scent inICioscope \\, ith a darl< field condenser

9. Ch, ,",'cals

5 '-2'-Fluorodcoxyuridine (FUdR) \\, as obtained
from Dr. F. \\I. St"hl (Institute of NIOlecul"r Bio-
logy, University of Oregon) through the COLIi'tesy of
Dr. A. Naltata of this Institute. Actinomycin (AM) S
11nd cytosine aimbinoside (CA) were gifts from Dr. I

Ka\\. am at a and Dr. M. Takahashi, respectively
PU Tomycin (PNl) \\, as purchased from Nutritional
Blochcmical Corpoiation, USA

Unless otheiwise ritentioiied, FUdR \\. as used at

a concentration of 10~' A1, in Eagle's MENl without
calf serum. CA was Lised at a concerttratioi. of

10 Agjml, ANl at 5 Agjml ,, rid PM at 20 I. gjml in
Eagle's MEM \\, ithout calf serum

infected FL cells were treated with ITomologous
antiviral serum, and then with CIC (Fig. I).
NO HAd was observed on Dowirus-infected

cells which had been treated with hornologous
antiviral serum and then with either SR or

SSR only. Moreover, no IHAd \\, as seen on
infected cells which had been treated with

normal rabbit serum, instead of antipoxvirus
Furthermore nc HAd whensera. was seen

uninfected cells were treated with either normal
rabbit serum or antiviral serum and then with

either SR, SSR or CTC
To compare the results on \11CSA by IHAd

witlT those by FAT, cells infected witlT either
CPVR or SF\I ware w"*had with PBS (-),
and then immediately, incubated with hoino-
logous antiviral serum congugated witli FITC.
Annular or semiannular specific fluorescence
along the margin of infected cells was clearly
demonstrated (Fig. 2), but no fluorescence was
observed on tininfected cells. These findings
witl} uf-FAT are very different from tl\e fluo-
rescent areas seen on infected cells after fixation

witli acetone, and staining witl\ fluoresceiTt
antib, dy (Fig. 3).

2. Ci'OSs react, ofty of d"/nowii'Ms selfi rind
anti'rel'tt agrii"$1 till'uses o1hei' thrill pot"flus colth
PICS, I', Ithced by cm'10ws I>0. \gi'ONp or'I'll$es

As shown in Table 2, \11CSA of cclls infectcd
with either CPVR or SFV was not demon-

strated with of antisera against SV 40, polyoma
virus, Japancsc B encephalitis virus or chi-
ktingunya vii'lis The antibody activities of
these antisera were higlt enough to demonsti. ate
hornologous viral antigens by FAT.

The cross reactivity of anti-CFVR serum
against \11CSA of cells infected witll \, arious
poxviruses was cxamined LISing IHAd and uf-
FAT. As shown in Table 3, the \11CSA's of
poxviruses of the SIIbgroup CFV reacted as
strongly as \'ICSA of hornologous
However \;ICSA of SF\I gave a weal< positive
reaction witlT anti-CPVR serum which was only
detectable by IHAd. \11CSA of CPVR \\, as
also \\, eal<Iy positive with anti-SF\I serum by
IHAd (T, bl* I).

10. 41,101'ridrbgi'dpiiy

'H-Thymidine (SA. 5.0 clinki) and 'll-ui. Idine
(SA. 6.7 clm;\I) were purchased from the Radio-
cliemical Cciitre, Amei'sham, England

Autoradiogr"phi, \\, as cairncd out by thc metliod
or 1<"to at ,I. (1963")

11. 11,111ndso, pti'o11 PI octdi, , ,

Titc proCCdurc Lised \\, as described by I'uji0 (1962)
A monol"yer culture on a covei'slip was \\. aslicd \\, Ith
PBS ( -) and incubated witlt a 0.2% suspension o1
chicl< crytltrocvtes in PBS (-) foi. 30 milt at room
temperatui. c. The coverslips \\, ere tokei, out of the
tubes after \\, ashing out the cl, icken eiythrocytes and
cells \\, ere fixed rind stained \\. ith Giems;I solution

RESULTS

I. A1bpeni'nilce of anim I', Idwced cell sinface
all/I^e, I on cells tirected rel'Ih elfhei' corepot wrts
o1' Shope 1/6/0111n an'I'Ms Msi'"g IH, 4d and wj-FA T

Cells infected \\, ith either SF\' or CFVR
were washed three times with Hanl<s' salt solu-

tion. Then they were treated with hornologous
antiviral sei'urn, and indicator cells \\, ere added.
The results are shown in Table I. Positive

reactions were obtained when SFV-infected

RKl cells, SFV-infected FL cells and CFVR-

NIIY, \No'To, H. and S. 1<ATO Cell 51/11ac, nilti;{,, I 1'11d, ,c, d by pox"1'1'i's

VITUS
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FIGURE I. POSit, '"e IHHd oil GPFR-,',!Iected FL cells. OfC o11 rifected FL ce/A
23 C/Cal Iy Seen

<

FIGURE 2. Specific filmyescc, ice o71 the 31/11ace of FL cells Infected colth CppR
Cells are I e naive sled 24 hr aftei. InfectJ'on und allo"ed to react colth FITC
labeled In fib^^ I-g/obiih, , colthoi, t fixation. Arute t!IC aimi, /ar 1110resct"t pat-
tellis at the Milace

<

FIGURE 3. SPCcjjic. 11,101esce, ,t spot ,'" FL cells litrected colth OPPR tiller fixn-
tio, , colth aceto, ,e. Tile sin, ,pie und orig, ', 101 sei. a ale the stt", e as. for Fly. 2
FIGURE 4. OPPR fifected FL cells coilh both "A" a, ,d " B " type 1'11c/1/3/'01is
mrd nthorbed chit/t e, yth, DCytes 31n, ', led torth Gie, "sri soh, t, 'on

TABLE I. Jinmt, "e he?", Ichorptz'on EU'th shope jibromn or corepox
treated tollh diffei. e"I concentrott'ons of 1'066^^ sei'a

Antisera Dilution

Anti-SFV OA

RKl-SFV OA

10~'

10~'

10~'

10~'

10~'

10~'

10~'

10~'

10~"

10-4

10~'

10~"

10~'

10~'

10~'

SR SSR CIC

3+

3+

3+

2+

+

Anti-CPVR

FL-SFV OA

SR SSR CIC

J+

3+

3+

3+

+

Cell Culture

FL-CPVR

Indicator Cells

SR SSR CIC

+

Normal serum

Abbre",'at, 'ons: SFP OA=Shope jib, om@ o1'Jus OA, . CPPR=CO2upox "11'"s LB I'ed, ' SR=0.5% sheepied blood
cells, ' SSR = 0.5% sensi'fibed sheep I ed blood cells, 01C= 0.5% co"!piete 1'11drcntor cells

017US In/ected cell cultures

RKl

SR SSR CIC

+

+

FL

SR SSR CIC

+

2+

2+

3+

2+

+

AlIYAMOTo, H. and S. KATO Cell $11rfnce nilt, ^e, I Inchtced by pox"iri, s 317



TABLE 2. Immune hemndso, PIz'on foalh Shope jib, 'oma o1' corepox
treated 2,211t antabz','a/ sei'a o1hei. than pox"ii'i's"

Antisera

Anti-Ch V

Anti-IEV

Dilution

Anti-SV +O

10~'

10~'

10~'

10~'

10~'

10~'

10~'

10~'

10~'

I O~'

10~'

10~'

10~'

10~'

FL-SFV" FL-CFVR, ,

Anti-PYV

\ormal Serum

Abbie"rations. Ch ,= Ch, Jew"gumyn DJ'I"s, ' IEP=
Japn"ese encephalitis o1'1'MS. ' S P 40 = $1'11, ,'an ai'I'Ms 40,
PY, =polyoma "1'1ws, SFP 04 = Shope jibi'Dinn
"!'1'11s OA, ' CFPR=COEupox an'I'M$ LB I'ed
n Only complete indicator cell (CIC) were used as
indicator cells

b FL cells were used 24 hr after infection \\ith SFV

OA or CPVR

Cell Culture

FL

a!z, .us Infected cell cultures

RKl FL-Ch V

2+

2+

2+

TABLE 3. Ci'OSs 12nctz'ons beltcee" pox gi'ONp
till'uses us 12,001ed bj, 27nmune hemadsoiptt'on
(/Had) and the fluorescent anta'6041 tech"I'-
que (FA T)

>

a Anti-CPVR virus setun, diluted 10~' \\. as Lised
b Live cells \\, ere stained willt FITC conjugated

anti-cowpox virus rabbit serum I-globulin
c Anti-CPVR virus serum diluted 5 x 10~' was used

FL cells infected
\\, Ith

Cowpox
LB red

50

51

58

Am SIerdam

Variola

Harvev

Vaccinia

Ikeda

Ecuador-Moscow

ECtromelia

}lampstead

Shope fibroma
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IHAd"

3+

3+

3+

3+

3+

FAT"

3+

3+

3+

3+

3T

2+

2+

2+

2+

3+

2+

2+

L"

3+

:



TABLE +. Test of 2'77z"rune hemndsoiptt'on" of the sulface tintz;!err of the cells thenise/res, on cells
zh/ected ECz'Ih Shope jibi. o771n t!11'us rind cotcp0*: o11'Ms tiented till'th dirtt'-FL cell in66it sei'NIM

Antisera

Anti-FL cell

Dilution

Normal sei urn

10~'

10~'

10~'

10~'

I O~'

10~"

10~'

10~'

10~'

abbi'eu;'nil'oils. SF, 04=Shope fibi'onin '11/1s 04, CPUR=cotcpox '11/1s LB Ied
a Only complete indicator cells (CIC) \\erc used
b I. T, cclls \\. CTC used 2+ hr after infoction \\jilt SFV OA or CFVR

FL-SFV OA"

3+

3+

3r

3+

2+

Cell culture

FL-CPVR"

3T

3+

3+

2+

2r

TABLE 5. COM1pni'!'son of JESu/is o6tnz'ned by z'MINIi, ,Ie hemndsoiptz'on, Ihe 11Noi'escen/ un!a'body
tech",'que tcz'Ih 11,417\ed o11d fixed cells rind bj, Gz'e, liso slaini?Iu

T

Ccll culturc

FL

3+

3t

3T

3+

2L

+

FL-CPVR

T

Tcstcd for

IHAD

F, \T (Unfixcd)

"B"

F, \T (Fix"d)

IHAD

FAT (Lnfixcd)

"B"

FAT (Fix. d)

RKl

RKl-SFV OA

?

Abb, 'ear'nil'DNS: CPUR=COEcpo\ ",, vs LB Ied, ' SF, Orl=Shope1161 owl@ "!'I us 0.4, I\, D=, lot done, IHHd=
1111, """e new, nthoipt, 'on ; ' ' B ' ' = " B " type incl"$10"s, FFIT=11,101', FCC, ,! antibody tech"!'q",

+

+

+

J-

6

24

2r

+

Houi's after virus in DCLilation

8 I+1210

3+ 3+ 3+ ND

3+ 3+2+ ND

2+ 3+ 3+ \D

3+ 3+ 3+ ND

+ 2+ 3+

2++

2+

2+

+

+

+ ~r

16

ND

ND

\D

ND

3+

2L

2+

2+

2+

3+

3r

3+

3+

3+

2+

3+

3+

NII\'A\10To, H. aind S. KATO Cell 31/11, ,ce '11/1'"e, ! filchic, of bj, pox, 11'113

48

3+

3+

3+

3+

3r

2+

3+

3L

+

+

319



TABLE 6

CF, R
Inh!batoi3, effect of drugs on the IH, d riftd FA yenctt'0"s tit FL cells Infected arith

Drug

5 '-Fluoro -

deoxyuridine

Cvtosine
Arabinoside

indicator

IHAd

FAT

IHAd

FAT

IHAd

FAT

IHAd

FAT

Actinoinycin

-2

+

+

+

+

PUToiTTvcin

,4661 end!10n$ and sj, ,"601$ . CPUR = cotupox ",', us LB I'ed, IH4d= Jini, !une he'll nthoip!10N, FA T=11,111xed
11,101'escant tt"t, 'body tech"I'q"e, + =POS, 'lite I'edict, ON of IHHd o1' pHT, - ="egati'"e I'errcti'on of IHHd o1' FAT.

-I

+

+

+

TABI. E 7. Tests 101' 37?In tune Ize, ,ladsoi/)tz'on of cells Infected era'1/7 coatipox a!21'us a"d Shope
1161. onin an',. us an the PI. ese"ce nitd absence of cJ, to slite ai. abzhostde (2, / hi. s onei' Infect, 'on)

o

Time of addition (hrs)

2 3

+ +

+ +

+ +

+

+

+

+

T

+

+

+

Cell
culture

FL-GPVR

+

,-

Cvtosine
at abino-

side

T

RKl-SFV OA

+

+

+

+

+

+

,4661'e",'all'Dins : GPFR = cctupo\ ui'1'143 LB I'ed, SFP OA = Silope 1161 Dinn "Ii'"s 04 , ' ' AT ' ' = lint/eni', ' ' C ' ' =
cy!op/nsm, 'c, IHHd-11nmir"e he"ladsoipt!'on, H, Id= he'll adsoipt, 'on, FJIT=/1,101'esce"I flitt!'body tech",' Me, ND =
not done.

a Tested by auroradiography

+

+

+

+

+

+

+

DNA svnthesis"

" I\t " "C"

3L

+

>

3 Sulface d?!jigeii of F1, cells the"isel"e. , o11
cells 2111ected 7,111i pox, 111, s dellionsti'alert by
IH, d

FL cells, RKl cells, FL cells infected \\, ith
SF\; and FL cells infected \\, ith CFVR \\, ere

treated \\, ith anti-FL cell serum and then mixed

with CIC. As shown in Table 4, all these cells
except RKl cells gave positive reactions of the
same intensity. Thus induction of \;ICSA of
poxviruses does ITot appreciabl\, affect the sur-
face antigen of the cell itself.

+

+

6

+

+

+

+

+

+

+

+

L

T

+

.-

7

+

+

RNA synthesis"

,,\,, "C"

3+ +

3+ +

L

+

+

T

2+

+

+

+

+

\D

T

IHAd

T

ND
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3+

2+

3L

2+

FAT

(Unfixed)

3L

2+

2L
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4. Rela/to"ship belt, !eeli the/o171inti'oil of PICS, {
diid Inclwsi'on hoofits

The relationship between the formatioiT of
VICSA and the svnthesis of \, ITal antigens

and inclusion body formation \\, as examined by
IHAd, FAT and Giemsa staining. As shown
in Table 5, \;ICSA of CFVR \\, as positive by
either IHAd or uf-FAT 2 hr after \, irus infoc-

tion, but cytoplasmic viral antigen and inclu-
SIon bodies were rarely seen at this stage.
Ten hr after viral infection, almost all cells gave
a strong positive reaction by any of these tech-

HAd

3+



niques. \'ICSA of SF\' \\'as POSiti\, e b\, either
IHAd or t!f-FAT 10 hr after infection, but at
tliis time c\. toplasmic viral antigen and B
type inclusions were still rare. TV. .ent}. four
hr after \, ITal infection, almost all cells gave a
strong positive reaction b\, an\, of these tech-
niqties.

5. Effects of cull'oils trilli"!etrrbohtes o11 the 101'-
liraiio, I of PICS, I

A'10nola\, er cultures of FL cells were infected

\^ith CP\'R at a multiplicity. of infection oT
approximately I to 10 and after adsorption for
I hr, tl\ey \\. CTe \\'ashed three times \\, Ith Hanks'
solution, and incubated at 37 C until 10 hr
after infection. At this time \;ICSA \\, as

Then these cells \\. erc examined bysevcre.

IHAd and uf-FAT. Compounds were ad-
ministered at different times from 211r bcfore
infection to 7 hr after infection and thereaitci.
Thc results are sho\\. IT in Tablc 6. Induction

of \'ICSA \\, as not inhibited I, \. the presence of
FCdR or CA, \\. hilc \, iral D\A synthesis was
inhibited. Induction of \'ICSA wars inhibited
whei\ A\I \\, as administer CLI within I 111' after

infection. P\I suppressed \~ICSA formation
when administered within 3111' aftcr infection
and thereafter

,

(SF\') serum \\, ere found on cells infected \\, ith
hornologous poxvirus using either Immune
hemadsorption (IHAd) or the unfi\ed(uf)-
fluorescent antibod\, technique (FAT). The
cross reactivities of anti-CP\I serum \\, Ith

\'ICSA of cells infected \\, ith \, arious pox-
viruses were examined. The serum reacted
\^ell \\. ith \!ICSA induced by poxviruses
belonging to the subgroup CPV, but poorly
\\. itIT \. JCSA induced b\, SFV. The latter

reaction \\. as onI\, demonstrated b\, IHAd,
\\'hiclT is a much more sensitive technique than
uf-FAT

F1 cells sho\^ing \'ICSA induced by CP\-' or
SF\' also gave a strong positive IHAd reaction
Lising anti-FL cell serum. Thus thc antigen
on the surface of the 1.0st cells tlicmsclves is

not affected appleciabl\, b\, \, irus Infection
Thc prescnce of SPCcific antigen on the cell

SLii. face (CSA) of tumor cells induced 11\, chem-
ICal carcinogen, and on I\, Inphcina cells incluccd
b\, \1010n\, virus infection Ilave been demon-

stratcd by FAT (Klein at a1. , 1964; \'!tiller,
1964; FCiTV6 at a1. , 1968). CSA on ti. ans-
foi. med cclls induced by S\: 40 \\, as demon-
strated on fixecl preparations using the indircct
FAT (Tacthi, or a1. , 1965) and on unfi^cd
prepai'ations (Kluchareva et all. , 1967; Dia-
mand. p, ul. , ct a1. , 1968). I'llne (1967) and
\Inlingren at a1. (1968) 0bscrved CSA in the
I\'tic cvclc of mouse cells and hamster cells
infectetl \\Ith polyoma virus Listng uf-FAT.
Thus CSA induced by on cogenic \, Iruses has
been demonstrated ITUt only in transformed
cells induced 11^ \, ITal infection but also in cells

of productive \, ITal infection. Hamada and
Uetak. (1968) .bs. rv, d \'ICSA on colts p"0-
ductivel\' infected \\ItIT several on cogenic
adenovii'us CS (adenovirus tvpc 12.18 and 7) as
\\. ell as on cells transformed by, these \, Iruscs.
TITcy considered that induction of \, ICSA may,
be a common phenomenon in cells Infected \\, ith

In this \\, ork \\'e foundon cogcnic virus

\, ICSA on cclls productiveI\, infected \\, ith
and SF V.several nononcogenic poxviruses

6. Reld/!'on ship hencecij 7111'd/ 11,111dg. 41/11i1111i
(//, J) d, ,of PICS, {

Hemadsorption of chicl< ci\ throcytes medi-
ated by viral HA \\, as clearly demonstrated
(Fig. 4), while it \\as not demonstrated on cells
infected \\itI\ SFV, \\. hicl\ docs not produce
HA. In the presence of CA, cells infoctcd
with CP\'R did not adsorb cllicl< ervthroc\. tes,
\\ hilc \:ICSA of the cells \\. as clean\. demon-

strated (Table 7). Therefore \'ICSA is pin-
bably not identical \\. itIl I{A of poxvirus.

DISCUSSIO\

\'irus induced cell surface antigens (VICSA)
\\. hicli react \\, itIT anti-co\\. pox virus (CF\')

and \\itI\ anti-Shope fibroma \, irusserum

\'11vAA10'ro, I{. nitd S. 1<F. To C, // Millerc, tilling, ,I 1'11di, c"of 11y AD\t!'1113

The transforming abilit\, of these \, Iruses has
never heelT demonstrated, although SF\' is an
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on cogenic virus \\, hich produces a benign
fibroma in rabbits. Recently, \11CSA of cells
infected \\, Ith chikungunya virus \\, as demon-
st"ated by Mantani and Iga, ,shi (1971).
Therefore, the induction of \;ICSA seems to be
a common phonomenon in cells Infected with
animal viruses, regardlless of \\, hether these
viruses are on cogenic.

Induction of \;ICSA on cells infected with

CPVR and SF\; was not inhibited by inhibitors
of DNA synthesis, such as cytosine arabino-
^Id. (CA) or FUdR. CA, whi. h inhibits
virus DNA synthesis, does not inhibit RNA
and protein synthesis coded by parental viral
DNA in cells infected with poxvirus (Oda and
I, klik, 1967). it seem* CG"tain that \11CSA
induced by poxvirus is one of the earliest sym-
ptoms of virus infection and is independent of
virus multiplication. It could be at least part
of the early protein coded by parental DNA of
poxvirus.

\\!hen actinomycin (A!\I) was added to in-
fuered cells I hr after infection, \;ICSA forma-
tion \\, as not supressed, possibly because at
this time information al RNA for \TICSA

formation had already been synthesized. A1\I
is known to combine \\, ith DNA (Kawamata
and Tmanishi, 1960; Ranen at a1. , 1960) and to
inhibit over 959ti of all RNA synthesis at the
concentration used in this experiment (Reich et
a1, 1961; Hu"wits .t a1. , 1962). lungwi"th
and I, klik (1965) chin. net"at, d that th, architv
of early enzymes in the cytoplasm began to in-
crease \\, ithin 1.5 hr after infection of HeLa

cells with vaccinia virus and these early en-
zymes have remarkably long lives. The pro-
duction of these enzymes is mediated by \, irus
induced messenger RNA \\, hich is transcribed

from the viral genome and is detectable in the
cytoplasm within I-1.5 hr after infection
(B, .ker and I, klik, 1964).

PUTomycin (PAT) inhibits \11CSA formation
when added to infected cells within 3 hr after
infection. Pi\{ which is 1<nown to inhibit

protein synthesis selectively (Yarmolinsky and
de in Ham, 1959; Rabinovitz and Fisher,
1962), suppresses over 90% of the protein
synthesis of L calls within 30 in11T (Kaku and
Kamahora, 1964). The synthesis of early en-
zymes Is Induced about 1.5 hr after infection,
and Is arrested at any time during the initial
period of infection on addition of PAT (lung-
with and I. klik, 1965). 0u" re^ults rugg, st
that \11CSA may be newly synthesized protein
\\, hich is translated \\, ithin 3 hr after viral infcc-

tion and that its synthesis its mediated by newlv
synthesized RNA transcribed from viral DNA
within I hr after infection

V. gal and Shd, k. , (1958) and Fuji. (1962)
demonstrated simple HAd of chicken ery-
throcytcs o1T cells infected \\, ith vaccinia virus
which can produce hemagglutinin. \\'e also
demonstrated the same phenomenon o1T cells
infected \\, ith CF\;R. However HAd of

chicken erythrocytes on cells infected with
CFVR in the presence of CA was negative,
whereas IHAd remained positive. Simple
HAd of chicken erythrocytes was negative on
cells infected \\, ith SF\' which does ITot pro-
duce hemagglutinin. These results sho\\, that
VICSA induced by poxvirus is not related \\, ith
hemagglutinin. Studies on the relationship
between poxvirus-induced antigens other. than
hemagglutinin and \;ICSA induced by pox-
viruses are in progress
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