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Shope Fibroma and Rabbit Myxoma Viruses
I I. Pathogenesis of Fibromas in Domestic Rabbits

SHIRO KATo, HiROYUKi MiYAMOTo, MICHiAKi TAT<AHASHi
AND IUNTARO KAMAHORA

Dabar!men! of Pathology, 7/1e Rarearch In $1i!"!e for
IV/icyobi@! Di'JeaJeJ, 03akg Uru'aerJi!y, Osaka
(Recei"ed 101 pub!!taii0", 1114, 15, 1963)

The correlation between tumor formation, virus multiplication, inclusion format' d 'b d
response was studied in domestic rabbits inoculatcd with Shope fibroma \, irus. When 106 RIDjml
of virus was inoculated intracutaneously, a palpable tumor appeared on the 4th da , reachin a
maximtim size on about the 8th day and disappearing completely in a month. The v' 11 I
the tumor gradually increased for 10 to 12 days, occasionally Lip to 107 RIDjgr and then ra idl
decreased to zero on the 25th day.

Inclusions staining reddish purple with Giemsa slain werc exclusiveI round ' th t I ,
and shown to be rich in viral antigen. The tievelopmental form or the in I ^
that of ' 'B" type inclusions or other poxviruses, for they ticveloped from a coin act I d'11 I ,
which seemed to cause degeneration or infected cells. Inclusion bearing cells a cared d h d
a maximum far earlier than did the infectivity titer or tumor formation. Tite e I f '
clusion bearing cells in the total tumor cells in scratch preparations was rather 10\ , b ' 40
cent at most and these decreased to zero as early as the 10th day.

Complement fixing antibody and neutralizing antibody showed a arallel increase f h 4 h
to the 20th day

From these restilts, a possible mechanism or tumor formation of fibromas is d'sc a.

INTRODUCTION

The relation of Shope fibroma and rabbit myxoma viruses to oxv' h
gradually been clarified from several points of view, which include th h I
of the virus particles, irumunology, reactivatino' activity for other oxviruses d
development of "B" type inclusion bodies. Extensive studies on the h
of growth of poxviruses has been carried out in our laborator d ri th f
years, and our interest has been extended to the problem of the similar't d d' -
similarity in the mechanism of growth of these two tumor viruses to oth
viruses. The previous report showed that one of the most uni ue char t ' t' I

SUMMARY

* A part of this work was aided by the runtl or the I\jinistry or Education of Ja an.
** T1,15 report was presented at the 3rd and 5th Cancer S in OSium held ' 1960 d 9

Japan.

135

In



KATO, MIYA\, 10TO, TAKAHASHI AND KAMAHORA

these two tumor viruses with regard to established tissue culture cells (FL ce s)
This has never been observed withwas the formation of a carrier culture state.

other ponyi"user (Kat. at "I. , 1959). Thi^ state ts suppo^. dly dne to a balance
between destruction of cells nitected with the virus and multiplication of uni ecte

The results obtained from tissuecells which are not necessarily resistant cells.
culture studies have aroused our interest in studies on the mechanism o uruor
formation ill aiuo. This paper reports on the pathogenesis o ope Toma,
especially with respects to the relationship between tumor formation, virus grow ,
inclusion formation and antibody response in domestic rabbits. T e pat o, enesis
of fibrom^^ in .. tt. null rubbits w^^ rep, rt, d by Kith^in and Fi^her ( 1954) from
similar points of view. There were some dissimilarities in t e pat ogenesis o -
served with the cottontail rabbits they employed and the domestic rabbits use in

mechanism of tumor formation of this virus isour laboratory. The possible
discussed.
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I . Virus

Shope fibroma virus (ATCB strain) was Lised
cribed in the preceding paper.

2. Rabbi!s

Domestic white rabbits, weighing approximately 2kg, chosen Tom illers, were use in i
stud . Prior to inoculations, the fur was removed on the sides and back o I e anima s wit e ec r'
SCISSOTS

MATERIALS A1\D NIBTHODS

3. Vi, 113 ti!ration

Excised tumors were minced with scissors and ground in a Vir Tis 5 0mogenizer, an e
suspension was adjusted to 10 per cent with LE medium. Serial 10-fold di utions were ina e wi
medium and ajiquots of 0.5 in I were inoculated intracutaneously in up icate in o Din s I
using a 26-gauge needle.

The results of these titrations were noted after 10 days by the presence or a sence o pa pa
lesions, as shown by Kilham and Fisher (1954). The end point was expressed as Rabbit In ectious
Dusts (RID)

4. Counting of incl"$ion bearing cells

A, ,h. wn in p""vious pay. rs (Kato and Cutting, 1959 ; Tat, hushi, I "!., 1959 ;Kat, at "!., 19 3), I .
"B" I pelnclusionis the only type of inclusion found bothin tumor cellsin t e omestic ra I n
in FL tissue culture cells. The "B" type inclusion can not be clear y seen in issue
with hematoxylin-eosin. Therefore, scratch preparations o Toma Issue ,
with methanol and stained with Giemsa solution. A number of degenerating CG s were no '
preparation, which probably resulted from mechanical damage aiTd some or er caus . y
the general tendency of Inclusion formation tn tumor tissues, approxima e y ,
and the percentage of inclusion bearing cells was calculated in scratc prepara ions.

The details of preparation of stock virus was des-
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5. F1"orgyce"! an!ib04y slain, itg

The direct metltod, using anti-fibroma virus rabbit serum-globulin coupled with fluorescein-
isothiocyanate was employed. The procedures LISed were described in the previous a er (Taka-
hashi, at a!., 1959; Kato at a!., 1963).

6. Titration of coinp!emen! Fxi"g antibody

The routine KOImer's method was employed. Sera obtained by cardiac bleedings were stored
at -20'0, and mactivated at 56'C for 30 minutes before dilution. As virus anti en, the a I'all
purified virus stock described above was used, as there was scarcely any detectable anticom Iementar
effect. For the hemolytic system, 3 per cent ox red cells, seven units of hemol sin and 2 full units
of complement were used. 0.25 inI of two-fold serial dilutions of serum was mixed willt 0.25 inI of
virus antigen and the same quantity of complement. The mixture \\, as kept overnigth at 4'C, and
then 0.25 inI or the hemolytic system was added and the mixture was incubated at 37'C for 30 min re
The antibody titer is expressed as the highest dilution which gave 50 per cent hemol sis
7. Serum neutraliz@!to" teJt

Sera were diluted serialIy 10-101d \\, ith LE medium. An equal volume of urined v'r
pension from stock virus and serial dilutions of the serum were well mixecl and stood for 60 in' I
at 37'0. Then, 0.5 inI ajiquots were in DCulated intracutaneously into domestic rabbits. Th
neutralizing antibody index was obtained by noting tumor formation in 10 da s

I. Dis!rib"!ion offchroma airws in adj'ion$ tissues of rabbit moon!ated thirdc"!an eon$/ and
third!erlicu107!7

To test \\, he ther the virus of tumor tissues definitely resulted from multi 11ca-
tion at the inoculated site, the virus titers of various tissues of 7 day-old-tumor
bearing rabbits, which had been inoculated both intracutaneously and intratesti-
CUIarly with virus were measured: As shown in Fig, I, no virus could be found
in any tissues other than the skin and testicular tumors produced at the sites
inoculated. It is thus safe to assume that the inoculated tissues were the only sites
for virus multiplication in the body when inoculations were by the intracutaneous
and intratesticular routes.
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RESULTS

FIBROMA
TESTIS
TUMOR

Fig. I. Rabbit Infectious Doses in Various Organs of Shope Fibroma Bearing Rabbits,
7 Days after Infection
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2. Goryel@/ion between litmor/orm@!ion, ai?'"s g?'ore^Ih, 4710-mon)fro/ogica! and-finmttnologica!
o63eruation$ and Ihe an/ibody^ yespOnJe in dome$/ic ? abbtls in DC"/died in!7dCttl@neonS!y

To study the correlation between tumor formation, virus growth, inclusion
formation and antibody response, the following study was carried out. Twenty
domestic rabbits were used in one serial study. Each rabbits were inoculated
intracutaneously on its side with the same stock virus preparations having a titer
of 106 RIDj0.5 inI. Rabbits were bled to death by cardiac punture at about 2
day intervals, and the blood samples were used for the complement fixation and
neutralization tests. Trioculated tissues were also taken for virus titration, for
inclusion bearing cell counts and for fluorescent antibody staining.

I ) G? oJs appearance of de"eloping tumor

Skin thickening at the site of inoculation was first detectable 3 or 4 days after
inoculation, and this progressed subsequently to tumor development. After about
8 days, the tumors ceased to increase in size, the maximum size being usually 30
to 50 mm in diameter. A reddish purple area appeared after about 10 days at the
middle of the surface of the tumor and began to spread outwards. This area soon
began to degenerate and had transformed into a crust after 18 to 25 days. After a
month, the crust desquamated and finally disappeared completely. The schematic
process of the fibroma development is shown in Fig. 2.

VIRUS

"

2o 6

INCCU"M RID 10'10. Sinl

Fig. 2. Development of Shope Fibroma at the Skin of the Domestic Rabbit

2) Grottith offib?'rimo aji'"$ in Ihe $kill of Ihe dome$/IC rabbit

Three series of experiments were carried out and the results are plotted in
Fig. 3.

The titer usually decreased slightly on the 3rd day and then increased
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Fig. 3. Virus Growth Curve in the Shope Fibroma

gradually, occasionally rising to 107 RID per. am of tissue after 8 days. After. 11
days tl\e titer had greatly clecreased and was zero after 25 days.

3) A/D??frologica/ and 4710i?rimttno!ogical JIMdre$ o11 cell$ ill3cia!ch 11'41ai'allonJ

Morphological and cytoimnlunological studies on the cells were carried out in
parallel with the first series of viral oro\vth experiments. Trioculated tissues \\, ere

o 2 4 6
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taken serialIy, a part being used for viral titration and another for scratch prepara-
tions. Some of the scratch preparations were fixed with methanol for Giemsa
staining and others were fixed acetone for fluorescent antibody staining.

Inclusions stained reddish purple with Giemsa stain, the chaiacteristic staining
property of "B" type Inclusions of poxviruses. Cells appearing at the beginning of
lifection were mostly round though a few were spindle type. Inclusions in the
cell at this early stage were usually round and either unipolar or bipolar, and more
than three inclusions in the same cell were very rarely seen. The number of
inclusion bearing cells gradually increased, reaching a maximum of 40 per cent of
the total cells on the 4th day after inoculation, when the tumor was still not well
developed. Then the number of inclusion bearing cells decreased rapidly and none
were found on the I Oth day (Fig. 4) . The later the preparations were taken, the
more diffuse the inclusions appeared. Inclusions invariably gave a positive reaction
with Feulgen stain. It was very rare to see initotic figures and inclusions in the
same cell, and many cells with diffuse well developed inclusions looked degenerate.
This suggests that inclusion bearing cells degenerate and do not multiply.

On fluorescent antibody staining, fluorescent spots were seen exclusively in
the cytoplasm. These were shown by Testaining with Giemsa solution to corres-
pond to inclusions. The shape, number and developmental form of fluorescent
spots was in agreement \\, ith those of inclusions observed in Giemsa stained prepara-
tions.

4) R8Jponses of complement fixing antibody and itett!ranging antibody

The titer of complement fixing antibody showed a slight increase as early as
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4 days after inoculation. Then it gradually increased until about 18 days after
inoculation, reaching a maximum titer of I :1280 (Fig. 5).

Neutralizing antibody showed a parallel increase with the complement fixing
antib. dy (Fig. 6) .
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Fig. 6. Neutralization Antibody in Shope Fibroma Bearing Rabbits

DISCUSSION

Summarizing the results in this study, the possible sequence of events seems
to be as follo\\, s : Virus inoculated intracutaneously infects the tissue cells. In the
infected cells "B" type inclusions are produced as a pool of viral DNA and antigenic
protein, and maturation and release of viral particles ensue (Kat0 81 a!., 1963 ; Kato at
a1. , 1963). Meanwhile neutralizing antibody appeared and increased, especially 10
days after inoculation. This decreases the rate of reinfection of neighboring cells
with released virus. In this way, most of the observations obtained in this study
could reasonably be connected. However the reasons why cells multiply abnormal-
Iy forming a tumor, and v\, by the tumor then ceases to grow and finally regressed
are unknown. The former phenomenon Is probably related to the virus multiplica
tion and the latter probably to the presence of neutralizing antibody. How could
these phenomena be plausibly connected ? If the infected cells multiply at the
same time as the virus in them, all the tumor cells would contain B type
inclusions. It was found that the percentage of inclusion bearing cells was rather
low throughout tumor formation, being 40 per cent at most. Furthermore, inclusion
bearing cells very rarely showed initotic figure and many cells with diffuse well
developed inclusions appeared to be degenerating. This suggests that inclusion
bearing cells do not multiply but rather degenerate.

o

o

2

,+Q

,+Q

\

4

q.

6 8 10 16 18 20



KATO, NITYAMOTO. T. -\KAHASHI AND KANIAHORA

Further, the cessation of development of the tumor when the neutralizing
antibody increases rapidly seems to exclude ideas on Iysogenization of the virus.

The coexistence of inclusion bearing cells and non-inclusion bearing cells
in the tumor reminds us of the carrier state in tissue cultures, which was found to
depend on a balance between destruction of infected cells and multiplication of
noninfected cells (1< ato at a/. 1959b) . Utilizing antibody, the carrier state could
be IJlocked and the infection completely cured.

Menkin (1956) suggested from blochemical studies on inflammation that mildly
damaged cells liberate a kind of growth factor. It is plausible that inclusion
bearing cells release some factor which causes the multiplication of fibroblasts.
Based on results of both in vivo and in vitro experiments, a OSsible h othesis of
tumor formations is presented in Fig. 7. The cycle of virus gro\\, th must proceed
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Fig. 7. Possible Scheme of Tumor Formation by Poxvirus

as in other poxgroup viruses, though the growth rate and yield of virus is not so
rapid or high. Some growth promoting factor, with a rather' transient action,
might be liberated from infected cells and cause the multiplication of other non-
infected cells. Infected cells themselves would have no ability to multipl . With
the progress of infection, neutralizing antibody increases rapidly, which would
suppress reinfection to noninfected cells, so that the supply of the growth promoting
factor would decrease.

The working hypothesis presented here serves to explain the event until the
fibrol>lasts cease to multiply. However, another event, the regression of the fibroma
still remains unexplained. Kilham and Fisher (1954) suggested two factors which
might help to explain why fibromas eventually regress. One is that the steady
enlargement of fibroma cell inclusions, whether they represent byproducts or cell
meta holism or riot, may put such pressure on the remaining cytoplasm that
normal cellular activities are inhibited. However, this may not apply to the events
occurring in domestic rabbits, because inclusions such as they described \\, ere not
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found, and inclusion-bearing cells could not be found in the stage of regression
Secondly, scratching and bruisina the tumors may lead to bacterial infections
unfavorable to the persistence of the tumor. In our experiments with domestic
rabbits, the rearession of the fibromas did not seem to depend on bacterial infec-
tion, because antibiotics were used and the period was short. it is recalled,
ho\\, ever, that infection with ectromelia virus causes necrosis in the legs of mice,
which finally leads to the entire absorption of the oranulomatous tissues (Dohi
1952). Either allergic vascular change or some other factor causing this would be
probably essentially the same one which leads to regression of the fibroma.

SHOPE FIBRO!\fA AND RABBIT IvlYXO;\. IA \, IRUSES rr
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