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Transformation of Fibroma into Myxoma Virus in Tissue Culture. (23118) 

LAWRENCE KrLHAM 
Division of Biologics Standards, National Znstitutes of Health, Bethesda, M d .  

Transformation of Shope fibroma virus into 
that of myxoma was first reported by Berry 
and Dedrick ( 1,2 ) who used heat-inactivated 
myxoma virus as the transforming agent. 
Their findings were confirmed by other inves- 
tigators (3,4).  As summarized by Smith (4) 
results of experiments performed in rabbits 
were “troublingly irregular” and usually not 
repeatable a t  will. Experiments presented 
below demonstrate that the Berry-Dedrick 
phenomenon can take place in cultures of 
rabbit tissues, both testis and kidney. They 
also give some indication that positive results 
might be obtained with greater regularity in 
vitro than in ziivo. 

Materials and methods. Tissue cultures. 
General methods of growing explants of rab- 
bit testis presented elsewhere( 5 )  have been 
modified in all but 2 of the present experi- 
ments involving Ithis tissue by the use of mle- 
dium 199 (6) containing 20% of inactivated 
horse serum. In remaining experiments, tis- 
sue cultures consisted of trypsinized ( 7 )  rab- 
bit kidney cells. Nutrient medium for the 
latter cultures consisted of 0 5 %  lactalbumin 
hydrolysate, as described by Melnick( 8) .  All 
cultures were in roller tubes, and all media 
contained penicillin and streptomycin. Rab-  
bits and precautions in handling. Dutch rab- 
bits were used as the source of kidneys and 
testes for cultures except for a single experi- 
ment performed with testis tissue from a cot- 
tontail rabbit. Immature New Zealand 
Whites were used for testing infected tissue 
culture fluids. Test rabbits were kept in 2 
rooms. The one contained animals for the 
first 4 days after inoculation; the other, rab- 
bits transferred from the first after this time, 
but before they were likely to develop sys- 
temic infection with myxoma virus. The rab- 
bits were free from hemophagus arachnids. 
Tnsect sprays were used in both rooms. Most 
rabbits which developed myxoma were killed 
within 24 hours of the time it first became ap- 
parent. Virus. The Patuxent strain (9) of 

fibroma was employed throughout. Methods 
of virus titration in skin of domestic rabbits 
have been described ( 10). Preparation of 
transforming agent. TAM or Transforming 
Agent Myxoma was prepared from skin tu- 
mors of domestic rabbits which had devel- 
oped myxomatosis 6 or 7 days after intracu- 
taneous inoculation of myxoma virus. Tu- 
mors were cut away from the outer skin, 
ground with sand, made into 10% suspen- 
sions with Hanks’ balanced salt solution con- 
taining 10% horse serum, then centrifuged 
several times at  3,000 rpm. Supernates from 
these preliminary centrifugations were cen- 
trifuged at  40,000 rpm for 40 minutes. Sedi- 
ments from the higher speed centrifugation 
were suspended at 1/10 the previous volume, 
dispersed by a micro-blender, sealed in glass 
tubes, and submerged in water bath at 66- 
67°C for 40 minutes. Two lots of TAM were 
prepared differently, but with equally suc- 
cessful results as shown in Table I. In TAM 
8 the myxomas were made in 20% suspension 
originally and were not submitted to high 
speed centrifugation. TAM 10 was prepared 
as first described, except that inactivation 
was limited to 12 minutes a t  65°C. Per- 
formance of experiments. Live fibroma virus, 
contained in a 1 : l O  suspension of cottontail 
or rabbit fibroma in Hanks’ solution or in un- 
diluted tissue culture fluid from previous pas- 
sage of the agent (Table I) ,  was mixed with 
TAM in proportions of 0.1 ml of TAM (0.5 
ml for TAM 8) to 0.2 ml of fibroma virus sus- 
pension for each roller tube (16 x 150) in- 
oculated. Mixtures of TAM and virus were 
kept 15 minutes a t  room temperature before 
inoculation. Tubes receiving the mixture 
contained a final volume of 2.1 ml, and were 
incubated in a roller drum a t  36°C. Nutrient 
fluids were harvested and pooled twice, or 
preferably 3 times a week. Fresh fluids, con- 
taining TAM in amounts originally inocu- 
lated, were then added. Test rabbits were 
inoculated intracutaneously with 0.5 ml from 
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T.4BLE I. Details of Positive Esperiinents in 
IYliicli Fibroma - JI?-so~iia Traiisforniations Oc- 

eiirred ill 1 1  Eslwiniciits. 

by injection of 1 ml into several sites in the 
skin of rabbits. Some rabbits were likewise 
inoculated intraperitoneally. All rabbits re- 

transfor- mained healthy for the 2-week period of ob- 
Rabbit mation,$ servation, without development of local le- 
tissue TAM t days after 

~ s p .  culture Source fib.vir. lot s o .  ~ . ~ . i n o c .  sions. Lots 4 through 10 were carried in 
tissue cultures, in the same manner as in ac- 
tual transformation experiments, only with- BJ) 1" Testis 5PT.C. T1 

- > 3P T.C. 2 out the presence of live fibroma. Fluids 
harvested from these passages produced nei- 
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111 ther local nor systemic. reactions in rabbits 
ii inoculated with them, indicating that inacti- 
cj vated particles had not been restored to ac- 
!' tivity. TAM represented myxoma virus 

heated 40 minutes, but it was found that no 
infective virus was recoverable after 3 min- 

11 utes exposure to the temperature used. The 
effectiveness of 65°C and above for inactivat- 
ing myxoma virus has been attested by others 
( 3 . 3 . 4 ) .  Seven of 10 lots of TAM prepared 

1 
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:I 

- -  
f 4 3 I t l r  ) ) I  1 0  > were effective in a t  least one successful ex- 

C M ~  esp. in  mliicll testis culture uses was from periment (Table I).  
cottontail and not doniestic rabbit tissiic. 

t Transforming agent m>-sonia. Transformations in tissue culture. Table I 

virus, as indicated by appearance of infectious 
nit-soma virus in swernatant fluids, took 

Refers to time that mysoma \-inis I V ~ I S  firxt (I:.- demonstrates that transformation of fibroma 
tectahlc by testing s u p r ~ i i ; ~  tail t fiuitls f r u i n  t issilt> 
cultures iii the skin of a rabbit. 

each pool of infected fluid. The same rabbit 
was usually inoculated with fluid from a num- 
ber of experiments. If the animal developed 
only local lesions after 1 2  days of observation, 
all fluids were considered negative, i.c., no 
transformation of fibroma to mysoma had oc- 
curred. However, if the test rabbit devel- 
oped a systemic infection in 6 or 7, but occa- 
sionally to 9 days after inoculation, samples 
of the original supernatant fluids, stored in 
dry ice, were again tested. each in a single 
rabbit. Generalized myxomatosis was first 
indicated by appearance of white pus at  cor- 
ners of the eyes., followed by swelling of eye- 
lids. tracheal rattles. and enlargement of re- 
gional lymph nodes within 24 hours. .4t this 
time most rabbits were killed and a specimen 
taken of the swollen. jelly-like conjunctival 
tissues. These specimens were fixed in lGYo 
formalin. A few rabbits, not killed, suc- 
cumbed within 3 or 4 days of the first appear- 
ance of pus in the eyes. 

Results. TAM. Each lot was tested for 
possible presence of infective virus particles 

place in 2 to 14 days of inoculation of the tis- 
sue cultures. In the group of 4 experiments 
performed in cultures of rabbit kidney, 
hbroma virus inoculated a t  the start had al- 
ready grown in the presence of TAM for 5 to 
6 days, since fluids used as a source of the 
agent were from previous experiments in 
which no transformation had occurred. Ex- 
periments usually continued for about 2 
weeks. At the end of this time cultures might 
show degenerative changes whether they had 
been inoculated or not. Once fluids became 
positive for myxoma virus they remained so 
until termination of the experiment, with one 
exception. In experiment BD 32 the testis 
cultures used were usually good, so that the 
experiment was carried on for 32 days, a t  
which time the cultures were 38 days old. -4s 
shown in Table TI, fluids harvested 9, 11, 14, 
and 16 days after inoculation were positive 
for myxoma virus and had virus titers of from 
10 to Fluids harvested before and 
after the 9-16 day period had lower titers and 
contained fibroma virus only. 
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TABLE 11. Results of Tests and Titrations on Supernatant Fluids Taken Serially from Tissue 
Cultures of Two Transformation Experiments. 

Results of tests and titrations in rabbit skin 
c-Days after inoculation of tissue culture-, 

Esp. TAM added 4 7  9 11 14 16 18 25 32 

BD 32 Withfibromavirus FIB* FIB MYX MYX MYX MYX FIB FIB FIB 
10-zt 10-8 10-4 10-4 10-5 10-5 10-2 10-1 10-1 

33 4daysafterfibronia FIB FIB FIB FIB FIB FIB FIB FIB FIB 
virus 10-1 10-2 10-8 10-2 10-2 10-2 10-2 10-1 10-1 

* Type of disease produced in test rabbit. 

Results of another experiment, BD 35, are 
also given in Table 11. This experiment was 
set up in parallel with BD 32, using the same 
tissue cultures and virus preparation, the only 
difference being that TAM was not added 
until 4 days after the inoculation of fibroma 
virus. The tissue cultures grew equally well 
in both experiments. Myxoma virus was 
never recovered from fluids of the BD 35 ex- 
periment and virus titers never rose above 

It thus appeared that when transfor- 
mation did take place, virus titers became ele- 
vated. One might explain that fibroma and 
myxoma give similar type tumors on titration 
in the skin of a rabbit. 

Discussion. Present experiments indicate 
that transformation of fibroma into myxoma 
virus may be accomplished with some varia- 
tion in the type of tissue culture, preparation 
of transforming agent, and in the source of 
fibroma used in an individual experiment. 
Two conditions appeared to be essential. One 
was addition of the transforming agent 
(TAM) at  the same time as the live virus and 
secondly, that the tissue cultures have a good 
growth of cells to support a vigorous prolifer- 
ation of virus. Negative experiments have 
not been described; a feature common to the 
majority, however, was a poor growth of sup- 
porting cells. 

Experiments have been presented as if 
transformations took place entirely in tissue 
culture. They probably do. However, one 
must consider that final stages of the process 
could take place in the test rabbit, since the 
rabbit inoculum contains both live fibroma 
virus and residual TAM. Several facts sug- 
gest that transformations originated in the 
course of virus proliferation within the roller 
tubes. For example, once supernatant fluids 

t Virus infectivity titers of the fluids tested. 

became positive in an experiment, successive 
fluids were generally positive, and repeated 
tests on each fluid were also positive. Test 
rabbits given tissue culture fluids before this 
time did not develop myxoma, although such 
fluid contained TAM and fibroma virus. 
Transformations in rabbits alone have usually 
not been as consistent as judged by the ex- 
perience of other investigators (4). Super- 
uatant fluids from successful experiments pre- 
sumably contained a mixture of fibroma and 
myxoma viruses. A small amount of the lat- 
ter agent may be sufficient to outgrow an ex- 
cess of the former, especially in a rabbit. Test 
animals usually developed myxoma within 6 
days of inoculation. This represents nearly a 
minimum incubation period for the strains of 
virus and of rabbit employed. The shortness 
of the time suggests that the infective myx- 
oma particles were in the tissue culture fluids 
inoculated and that the rabbits had not ac- 
quired accidental infections. So far there has 
been no evidence of accidental infections and 
control rabbits, in the same animal rooms: 
have remailned free of myxoma. I t  is likely 
that myxoma is transmissible directly from 
rabbit to rabbit only by the intervention of 
blood-sucking arachnids. Potential vectors of 
this type were not encountered on continued 
inspections of the animals used. 

Experiment BD 32 was an exception to 
other experiments in that the testis tissue cul- 
tures were maintained for 38 days. Myxoma 
virus was recoverable from fluids for only a 
week of this period, from 9-16 days after in- 
oculation. One may speculate that the myx- 
oma transformation had taken place in only 
a few cell areas. These areas may have been 
lost with the general deterioration of the tis- 
sue cultures which was observable after 2 
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weeks. 'Thus cells remaining would continue 
to produce fibroma virus as they had oripi- 
nally. Fibroma virus. and presumably n1J.s- 
onia. niay grow in local areas surrounded by 
uninfected cells. Distribution of cytoplasmic 
inclusions in stained preparations of previous 
testis tissue cultures(5) give support to this 
hypothesis. The objective of continuing ex- 
periments on the Berry-Dedrick phenomenon 
is to increase the predictability with which it 
can be performed in tissue culture and to ef- 
fect a chemical separation of the transforming 
factor contained in mysoma virus. 

Summary. 1. Eleven experiments are de- 
scribed in which filn-oma was transformed into 
mysoma virus in cultures of rabbit tissues, 
both of testes and of kidneys. 2. The trans- 
forming agent (TAM)  was mysoma virus in- 
activated by heating a t  65-67'C. 3. Live 
fibroma virus and T.411 were inoculated into 
tissue cultures simultaneously and T.431 was 

re-added a t  times of fluid change. 4. A good 
growth of supporting cells appeared essential 
to successful transformations. 
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Several reports indicate that insulin treat- 
ment may affect the structure of the thyroid 
gland. The results of these investigations are 
somewhat contradictory: for instance. \\'atrin 
and Florentin ( 1  ) observed in guinea pigs. and 
Raiha and L-otila(2) in rabbits. a hyper- 
trophy of the thyroid after administration o i  
large doses of insulin. Raiha(3) and Schulze 
(4) produced in rabbits and in rats an involu- 
tion of the thyroid by prolonged administra- 
tion of insulin: but Schulze( 5 ) himself found 
no changes in the thyroid of rats when one 
unit of insulin was given daily for 4 days and 
Borgorello( 6) observed no histological 
changes in the thyroid of the rabbit. even 
after prolonged administration of insulin. 

With these findings in view we used micro- 
histometric methods to investigate the effect 
of insulin on structure of thyroid gland of rats 

*This work was supported by grant from N.I.H., 
Bethesda, Md. 

esposed to room temperature (24-26") and 
to cold (3OC). 

Method and materials. Male rats of the 
\\'istar strain. weighing 90 to 125 g were used. 
The diet, fed ad libitum, consisted of ground 
Purina laboratory chow, which contains ac- 
cording to our determinations, 200 p g  of io- 
dine '100 g. The rats received distilled water 
for drinking. Regular insulin (Lilly) was ad- 
ministered subcutaneously. The animals 
were kept in individual cages. One-half unit 
of insulin was given twice daily for 8 days. 
The controls received 0.1 cc saline subcu- 
taneously at the same intervals. Higher doses 
of insulin were not used because the cold ex- 
posed animals succumbed on injection of 
slightly increased doses. At the end of the 
experiments the rats were sacrificed under 
ether anesthesia by exsanguination from the 
dorsal aorta. The thyroid glands were re- 
moved: dissected free of fat and connective 


