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SHORT COMMUNICATION

INTERACTIONS OF ECTROMELiA \71Rus WITH MACROPHAGES AND Asci-

TES TuftlOR CELLS FROM NORI\IAL AND IAIMUNE AllCE

SHIRO KATO, MASANOBU ATANTAi*;I, HIROYUKI MIYAl\{OTO and
KEiicHiRO TsuRu

Department of Pathology, Research InstitLitc for Nilcrobi"I Diseases, Osaka Uni\ ersity, Osaka
(Re. eked June 28,1966)

The behavior of macrophages and lymphocytes
in response to antigeiT drew attention to the
possible role of these cells in the immunity.
However, until recently the role of these cells
in viral infections has attracted less attention.

works revealed that EhrlichOur previous

ascites tumor cells, Yoshida ascites tumor cells
as \\, GII as pentoneal macrophages of mice were
susceptible to ectromelia virus and produced
" B " type inclusions of poxvirus. ('.'1 Chick
perltoneal macrophages Infected with fowlpox
virus!'1 and rabbit pentoneal macrophages in-
rected with myxoma virus also produced " B "
type inclusions. (') The " B " type inclusions
are the sites of viral DNA synthesis and of
viral antigen in these cells, and have beeit con-
sidered to be evidence for cytological \, iral
multiplication. !'~'1 Growth of poxvirus
macrophages from normal"I and Immune

animalsl"I has been reported using infectivity
titration. ROBERTS"" using fluorescent anti-
body staining described the susceptibility of
macrophages to ectromelia virus, from normal
and virus immune mice.

This communication presents direct cellular
evidence for viral DNA synthesis in both Ehr-
Iich ascites tumor cells and macrophages from
normal and immune mice, and refers briefly
to the susceptibility of lymphocytes to ectrom-
elia virus.
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Virus strain : ECtromelia virus Hampstead
straiiT carrying the "A"v' marker (the "A"
type inclusions contaiil elementary bodies) and
cowpox virus LB red strain carrying the "A"v~
marker!"I \\, ere used. These \, iruses \\, ere

passed through FL cells. Stock virus was
prepared on FL cells. A1iquots of a single
preparation of the virus, stored at -25'C,
were used throughout. Virus titers of ectro-
mena virus and 1.7 X 107co\\, pox virus \\, ere

pingu. forming units (pfu) on L colts per inI
and 6 x 10' pfu on chick fibroblasts per in I
respectively. Mice : Four \\, eek-old ddO
mice \\, hich \\, ere supplied from the Laboratory
Animal Center, Osaka University, were used.
Macrophage cultures : Cultures \\, ere prepared
by a method modified from those of FURNEss!131
and SEAMER'"' Mice were Inoculated intra-

peritoneally \\, ith 2ml of a 2 per cent sus-
pension of starch in normal saline. On the
third day each mouse was bled to death, and
the pentoneal cavity \\, as washed out with 5
in I of Parker's medium 199 containing 10
IU he pann per inI. The cells were then se-
parated by centrifugation (1,000 rpm for 10
min), and resuspended in 199 medium con~
taining 20 per cent Inactivated calf serum, to
give a final concentration of 5.5 x 10' cells per
in I and I in I amounts \\, ere dispensed to Leigh-
ton tubes. These \\ ere closed with metal caps

in
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and incubated at 37'C in an atmosphere of 5
per cent CO, . Two hours later these were
thoroughly \\, ashed with a jet of medium to
remove all loose cellsi'4i. An almost pure

culture of macrophages remained. After an-
other twelve hours, the medium was replaced
with I in I of fresh medium and henceforth the

tubes were closed with rubber stoppers. In-
clusion staining : Giemsa staining, which Is
the best to demonstrate the " B " and "A"

type inclusions caused by poxvirus, was used.
Furthermore, Giemas staining of inclusion-
bearing cells pretreated \\, ith I X HCl at 60'C
for 5 min is most suitable for demonstrating
any kinds of " B " type inclusions!',"I. The
pretreatment with HCl removes cytoplasmic
RNA which takes on a blue tinge from methyl-

blue. Only DNA-containing material,
which takes on the reddish purple tinge of
azur 11, is clearly recognizable with Giemsa
staining. Fluorescent antibody staining : An-
ticowpox virus rabbit r-globulin coupled with

ene

fluorescein-ISOthiocyanate was used, since the
fluorescent antibody could react with both the
cells infected with and thoseco\\, pox virus,
infected with ectromelia virus. Autoradio-

graphy : Dipping autoradiography with a
Kodak NTB2 nuclear emulsion was carried

Duration of exposure was 6 days.out.

Giemsa stain was used for poststaining.

I. ahifity of CO2upox Wins to wigke MirCe jin-
murre against ectromefiq o17"s

The utility of immunization with vaccinia
virus for controlling an outbreal< of ectromelia
has been reported. !"i Because of the close
antigenic resemblance between ectromelia virus
and cowpox virus, ","I Ienner's vaccination
with cowpox virus was attempted on mice.
Thirty mice were inoculated intraperitoneally
with 0.25 inI of cowpox virus having 6 x 105
pfu per inI. Groups of five of these mice \\, ere
then Inoculated intraperitoneally \\, ith 0.25 inI
of ectromelia virus having 1.7 x10' pfu per inI

TABLE I

Days of Inoculation ofNumber of mice Number of mice
inoculated with CPV EV after CPV inoculation inoculated with EV

Pttcc, "all oil of 7111'ce 2011/2 cowpo;v o11'Ms trgai"st ectro?, Iefia Drills
(a)

5

3

3

CPV

>

cowpox virus

Number of mice
in DCulated with CPV

2

3

7

10

EV : ectromelia virus

5

5

5

5

5

Doses of CFV inoculated

per mouse*

EV : ectromelia virusCPV cowpox virus
* Trioculum size : 0.25 in I

>

3

6 x 104 pfulml

6 xi03 pfujml

6 XI02 pfujml

6 x 10' pfujml

6 x 10n pfujml

3

Number of mice
survived

220

>

5

.
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o

o

o

5

(b)

Number of mice
Inoculated witlt EV

Mortality of nTice

>

5

.

100%

100%

100%

o%

o%

o%

>

,

Number of mice
survived

Days of inoculation of EV after CPV inoculation : 7 days

5

>

5

5

o

o

NIOrtality of mice

00'

096

100%

80%

100%



o1T I, 2.3,5.7 or 10 days after the cowpox \, irus
inoculation. The mice \\, ere observed at least

20 days after ectormelia virus Inoculation. As
sho\\'it in Table I (a), for 3 days after cowpox

rarely escape from\'irus inoculation,
ectromelia death. I{0\\ ever none of the mice

which had beeiT inoculated \\, ith cowpox \, irus
more than 5 days before ectromelia virus
inoculation showed any sign of infection and
death

Various doses of cowpox virus \\, ere Inoculat-
ed intraperitoneally to 25 mice as shown in
T"bl. I (b). Sera, thus later all thus, mire
\^ere inoculated intraperitoneally \\, ith 0.25
inI of ectromelia virus having 1.7xlO' PIu per
inI. The mice \\, ere observed at least 20 days
after ectromelia virus inoculation. As shown

in the 'Table, a single inoculation of 0.25 inI of
co\\'pox \, irus having 6 x 10' pfu per inI Is
enough to make the mice Immune to ectrome-
Iia virus

mice

and these cells were resuspended in I inI of
ectromelia virus suspension having 1.7 x 107 pfu.
The cell and virus nTixtures of each group were
injected intraperitoneally Into Ilormal and
hyperjinmunized mice. The ascites cells of
mice were taken out after 24 and 48 hours,

One hour before taking out the sample, I in I
of 'H-thymidine solution (50.11c per inI) \\, as
injected intraperitoneally. Four smear pre-
parations \\'ere made and observed by ordinary
Giemsa staining, Giemsa staining \\, ith HCl
pretreatment, fluorescent antibody, staining and
autoradiography.

Cells from all three groups, \\, heIT injected
into ITormal mice produced typical " B " and

inclusions of ectromelia virus as' 'A' ' type

nest, ib, d b, fore (Fig. 2.3, +). Manrophag, *
also produced these t^, o types of Inclusions
(Fig. 5.6). In order to identify the macro-
phages, carbon particles \\, ere injected intrap-
peritoneally before or after virus inoculation.
Most of the macrophages showing phagocytosis
of carboiT particles also showed " B " inclusion
formation simultaneously (Fig. 6). Generally,
the number of carbon particles taken up was
small \\, hen the carbon \\, as given after virus
inoculation. This may explaiiT the decreased
phagocytic activity of the Infected cells. Most
of the small lymphocytes \\, hich do not take
up any carbon particles seem I, ot to be suscep-
tible to the \, Irus. flowever a certain number

of the cells showed a small inclusioiT in the

thin cytoplasmic rim (Fig. 2, 6). The low
susceptibility of small lymphocytes to the
virus might be correlated with the 10\\, activity
of RNA metabolism of the cells. Polymor-
phonuclear leucocytes \\, hich Iacl< both DNA
and RNA metabolism, show ITo signs of virus
multiplication. The viral susceptibility of
lymphocytes, especially those from immune
animals, requires further Investigation.

Fluorescent antibody staining \\, Ith anti-
cowpox virus rabbit I-globulin coupled to
fluorescein-isothiocyanate showed specific
fluorescent areas in the cytoplasm. Irregular
fluorescent areas generally correspond to " B "
type inclusions, \\, hile the ring form of fluores-

2. 111 tilt0 o63"\dt!'o115 of undl DAIrl sy"thesis
111 t/IC Ehi'/11/1 "sci'tes IIJ"101' cells ""d INncrophnges
fowl 1101'"Jul alld Jini"1111c 1111'ce

Three series of Ehrlich ascites tumor cells

were prepared. I) Ehrlich ascites tumor cells
were injected into mice \\, hich had been jin-
inunized with 0.25 in I of cowpox virus (6 x 105
PIu per inI) twice and 0.25 inI of ectromelia
virus (1.7 x 10' pfu per inI) once at 7 to 10 days
intervals. Nine days later tumor cells \\, ere
titan .ut (G", up I colts). 2) EMI. h us. its
tumor cells \\, ere injected into normal mice
intraperitoneally. One and seven days later,
0.25 inI of cowp. x it us (6 x Ith pfu per inI)
were injected intraperitoneally. After another
seven days, the mice \\, ere inoculated with
0.25 inI of ectromelia virus (1.7 x 10' pfu per
inI). Six days later the tumor cells \\, ere taken
out (Group H cells). 3) Group 111 cells con-
sisted of Ehrlich ascites tumor cells from

nonimmunized mice.

Cells from all three groups were washed by
centrifugation \\, ith resuspension three times
in Hanks' solution. The number of tumor

cells in each group \\, as adjusted to 3.6x106
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In the 271 o100 experiment, the viral suscep-
tivility to macrophages taken from immune
mice is uncertain, because the jinmunized
macrophages become mixed with nonimmu-
nized macrophages after their Injection into
the perltoneal cavity of nonimmunized mice.
Therefore an an artro experiment was carried
out.

Pentoneal macrophages from normal and
immune mice were cultured as described above

Twenty six hours later these cells \\, ere chal-
Ienged with 0.5 inI of ectromelia virus having
1.7 x 107 pfu per inI. One hour after adsorp-
tion of the virus, the virus suspension was
replaced with medium 199 containing 20 per
cent calf serum. Twenty hours after infection
the cover slips were taken out. One hour
prior to taking out the sample, the culture
medium \\, as replaced with 1.5 inI of 3H_
thymidine solutioiT a ,11c per inI). As a control,
uninfected macrophages were labeled in the
same way. Then, autoradiography \\, as car-
ried out o1T them. Of the infected groups,
almost one hundred per cent of the macro-
phages from either normal or immune mice
produced " B " type inclusions and these
inclusions \\, ere definitely labeled (Figs. 8 and 9).

The present experiments have shown that
intraperitoneal immunization of mice \\, ith
ectromelia virus does not confer any definite
cellularimmunity upon either petitoneal macro-
phages or upon Ehrlich ascites tumor cells
grown in mice.

FIGURE I Comparison of the percentages of " B "
type inclusion-bearing Ehrlich ascites tumor cells
among the experimental groups
A : Group I O : Group 11 . : Group 111

n hyperjinmunized mice

- - c-

scence

24

(Fig. 7).
Autoradiographs revealed that most of the

" B " type inclusions labeled (Fig. 3, +, 5), with
the intensity of labeling in the Ehrlich ascites
tumor cells being far stronger than that in the
perltoneal macrophages. This may be a
reflection of the difference in metabolic activity
between these cells. Generally, nuclear DNA
synthesis in inclusion-bearing cells was sup-
pressed.

The percentages of inclusion-bearing tumor
cells were compared among these groups of
cells. As shown in Fig. I, no intrinsic dif-
forence could be seen among the three groups
after injection into normal mice. The infected
cells which were transferred into hyperjinmu-
nized mice showed no sign of inclusion forma-
tion.

corresponds to "A" type inclusions

his

,

48
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'11"17n", 3'

I. A single inoculation of cowpox virus into
mice Is enough to make the mice immune to
ectromelia virus. 2. Ehrlich ascites tumor

cells and perltoneal macrophages taken from
normal and immune mice showed a similar

degree of susceptibility to ectromelia virus, as
indicated by inclusion formation and by cyto-
pasmic viral DNA synthesis.
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FIGURE 2 Nonimmtinized Ehrlich ascites tumor cells Infected \\1111 ec-

trontelia \, irus (Group 111, 48 hour preparation). Giemsa staining with
pretreatment of I N HCl at 60'C for 5 min. Three Elirlicl} tumor cells pro-
duce large diffuse " B " type inclusions and one small lymphocyte also shows
perlnuclear " B " inclusion formation

FIGURE 3 Atit oradiogram of the nonimmunized EhrliclT ascites tumor cells
infected witl\ ectromelia \, irus (Group 111, 24 ITour preparation). Labeled
" B " type inclusions are sitown. The nuclei of the " B "-bearing cells are
not labeled

FIGURE 4 Autoradiogram of the jinmunized Ehrlich ascites tumor cells In-
itctcd \\. ith ectromelia \, irus (Group 11, 24 hour preparation). Labeled
" B " type inclusions are sho\\, n. The nticlei of the " B "-bearing cells are
not labeled

FIGURE 5 Autoradiogram of perltoneal macrophages infected \\. ith ectromelia
\. irus (Group I. 24 110ur preparation). Labeled " B " type inclusions are
SIlown. The nuclei are free fronT any silver grains

-~.

ETC : Fhrlich ascites tumor cell

SLC : small lymphocyte
macrophageMP

Pi\J : polymorphonuclear leucocyte
" B " type inclusioit"B"

"A" type inclusion"A"
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FIGURE 6 Two macrophages infected witlT ectromelia virus, SIlowing phago-
cytosis of carbon particles and simultaneously showing inclLISion formation
Gicmsa staining. One small Iympltocyte free from any carbon particles
showing " B " inclusion formation

FIGURE 7 Nonimmunizcd Ehrlich ascites tumor cells infected with cc-

tmmelia \, Irus, stained witlT fluorescent anti-cowpox virus rabbit r-globulin
(Group 111,241tour prepaation). Many distinct fluorescent areas are seeit

FIGURE 8 Autoradiogrant of the cultured nonimmunized petitoncal inn-
crophagcs infected \\. ith cctromclia virus. All macrophages ITavc labelcd
" B " type Inclusions

FIGURE 9 Autoradiogram of the cultured jinmunized peritoneal macro-
phages infected \\. itit ectromclia \, irus. All macrophages have labeled " B "
type inclusions
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