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UMiVIARY \\Ihen temperature sensitive OS) mutants \\, ere inoculated into the
wing webs of chicks, the incidence of tumors was low. However, when the

inoculated chicks were exposed to unfavourable conditions during the first week of
Infection, which lowered the temperature of the inoculated site, tumors appeared
at high frequencies and grew rapidly. These results suggested that mutants which
possess ts characters of cell transformation in vitro also have a tumor producing
capacity in vivo which is affected by temperature. Some, though not all, of the
tumors produced In vivo by ts mutants contained back mutants. Thus some of
the tumors produced in vivo by ts mutants were due to back mutation of viruses.
Some may also be partly due to " leaky " infection, since the incidence of tumors
varied with the virus dose.

BIKEN Joui{>;AL V01.16,103-110,1973

INTRODUCTION

I\Tany is mutants for cell transformation have
been isolated from avian sarcoma viruses

(Toyoshima and Vogt, 1969 ; IVlartin, 1970 ;
Kawai and Hanafusa, 1971 ; Biquard and
Vigier, 1972 ; Bader, 1972 ; \\!}, ke and Linial,
1973). The characteristics of the transformed
cells Induced by most of these ts mutants can
be reversibl), regulated between the trans-
formed and non-transformed states by recip-
rocal shift between the permissive and non-
permissive temperature. These mutants could
be expected not to produce tumors in vivo,

I Present address : Biological Researclt Laboratories,
Researclt and Development Division, Takeda
Chemical Industries I, td. , Higashi-Yodogaw. a-ku,
Osaka

since the I ectal temperature of chicks is about
42 C. However, three mutants have been
reported to produce some tumors in chicks,
although their tumor producing capacity \\, as
lower than that of wild type viruses (Friis,
Toyoshima and \'ogt, 1971 ; Kawai and Hana-
fusa, 1971). In the present study, tumor pro-
duction by five is mutants \\, ith different
characters were tested to examine the relation

between temperature sensitivity of cell trans-
formation in vitro and the tumor producing
capacity in \, Ivo

MATERIALS AND IVIETHODS

I. FIJI, ses

B77-isX334-C OS 33+) and B77-!sX336-C OS 336)
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were formerly referred to as ts 75 and ts 149, respec-
tively (Toyoshima and Vogt, 1969). B77-ts0260-C
(Is 260) was isolated from B77 after UV-irradiation
SR-ts0122-D (is 122) was isolated from SR-RSV D
after treatment with BUDR for 24 hr after infection

and SR-ts0538-A OS 538) wasisolated from SR-RSV
A after treatment with 5-azacytidine. The cell
transforming abilities of all three newly isolated
mutants are temperature sensitive but these mutants
replicate better at 41 C than at 36 C. All wild type
viruses were gifts from Dr. P. K. Vogt

2. Chicks o71d eggs

One-day-old chicks and fertilized hen eggs \\, ere
kindly provided by the Kanonji Institute, The Re-
search Foundation for Microbial Diseases of Osaka

University. Both chicks and eggs were free of
known Ieukosis viruses, but harbored group specific
antigen of avian RNA tumor viruses and cell as-
SOCiated helper factor

3 . Cult, ,,'e and focus assay

Culture and focus assay were done essentially as
described by Vogt (1969) with some modification
(Owada and Toyoshima, 1973), The permissive
and nonpermissive temperatures were 36 C and 41 C,
respectively.

were inoculated subcutaneously into the wing
webs with 0.1 inI of one of the viruses. The

chicks in each group were kept at 30 C in
separate cages without a chick-bulb-heater and
were moistened during the first week of infoc-
tion. The temperature of the wing webs was
lowered I-3 C under these conditions because

of the poor regulation of body temperature
of new born chicks. Ten to fifty per cent of
the chicks died without tumors during the first
week and these were omitted from calculations

of tumor incidence.

In experiment B, 10 to 15 ten-day-old chicks
were inoculated by the same route and were
kept in dry cages at 30 C without a heater.
No death was recorded during the first week
of infection.

Wild type B77 produced tumors in high
incidence in both experiment A and B, al-
though some chicks recovered from these
tumors in experiment B (Figs. IA and IB).
Wild type SR-RSV D and SR-RSV A were
essentially similar to B77 in tumor production.

ts 334 produced tumors with high efficiency
in experiment A when 2.7 x 10' or more FFU
was inoculated (Fig. 2A). Inoculation with
2.7 XIO' FFU of the same mutant resulted in

40 per cent incidence of tumor. All tumors
increased progressiveIy in size and killed some

In experiment B,chicks within I month.

the incidence of tumors induced by ts 334 was
low, even with 2.5 x 10' FFU of the virus and

progressive than those intumors were less

orperim, nt A (Fig. 2B).
ts 336 showed a similar tendency to ts 334

in both experiment A and B (Figs. 3A and 3B).
However, the difference of the incidences of

A and B was moretumors in experiment

pronounced than with ts 334 and in experi-
merit B, only 20 per cent of the chicks developed
progressive tumors with an inoculum of t$ 336
as large as 2.5 x 10' FFU.

ts 260, which had the replicating character
of the wild type, induced similar incidences of
tumors in experiments A and B. However,
progression of the tumor \\, as much less in
experiment B than in experiment A (Figs. 4A

4. Nei, tm!130tio" test

Chicks were bled by heart puncture 40 days after
inoculation and neutralizing antibody in the sera
were tested by their inhibition of focus formation
(Ishizaki and Vogt, 1966). None of the chicks
possessed neutralizing antibody to uninoculated
subgroup viruses at a dilution of I : 10.

5. Test of of ruses ?eco"eyedIroni rumors

The supernatant of 10% emulsions of tumors
was assayed at both 36 C and 41 C to test the
temperature sensitivity, of virus in the tumors. If
necessary, the test of temperature sensitivity for cell
transformation was repeated with virus recovered
from foci appearing at 41 C

RESULTS

I. Tumor formatz'o71 i, ! chicks kept Mindei. 2
differ errt COMdihons

In experiment A, 10 to 15 one-day-old chicks
(b. dy tomperature ^ 39-40 C) in 00.1^ g". up
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and 4B).
ts 122 produced one tumor in experiment A

when I x 10' FFU was inoculated and ts 538

did not produce any tumor in experiment B
when 1.3 XIO' FFU was inoculated

2. 8146c"ta"eru, s and intramuscular 1710c"/@tz'oils

of cells tm"^formed by ts 722
Chick embryo fibroblast cells transformed in

(%)
100

81 xi03 FFu

vitro by \\, ild type viruses produced tumors
rapidly in chicks. Cells transformed by is
mutants produced tumors in relatively high
frequency (Friis at a1. , 1971 ; Toyoshima,
1972). The tumor producing ability in vivo
of cells transformed by ts 122 was tested by
subcutaneous and intramuscular inoculations

(Figs. 5A and SE). The latter route was used
to minimize the leak of the temperature sen-
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sitive function for cell transformation, since
the temperature under the wing web was about
I C lower than the rectal temperature, even
the wing was tightly closed. Tumors ap-
peared much earlier and were more progressive
after subcutaneous inoculation (group A) than
after intramuscular Inoculation (group B).

3. Arutibody^ re$poitse of chz'cks far experime"t B
Chicks were bled 40 days after inoculation in

experiment B and their neutralizing antibodies
were examined. Table I shows the antibody

(%)
100

I

responses of chicks inoculated with 3 different
type mutants of B77. The antibody response
seemed to be affected by the inoculum size.
However, it was not correlated directly with
the presence or absence of tumors or \\, ith the
replicating ability of the mutants in vitro at
the nonpermissive temperature.

4. Characters of the 2117wses recoz!eyed from
twin07S

A certain proportion of viruses recovered
from tumors induced by ts mutants contained

27xj04 FFU
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FIGURE 2. 711,110, ' PIOdi, c!1011 by is 334 1110c, ,/@ted $116cta, IeoJ, sly 1,110 coing toebs of cinchs. a : 011e-day-old c/lit/ts.
B: Ten-day-old chicks. Tieo!"leiits o71d sy"1601s are Ihe sailie us t/lose 171 Flu. I
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TABLE I drill'bodj! response of chicks 10 dolls tiltei. znOct, /all'oil of is n!utn"Is of B77

Tumor

it Virus titers are expressed by FFUjinoculum
Numerators : numbers of chicks \\. itit neutralizing antibod\. titers of I : 10 or more
Denominators : numbers of chicks tested

+

2.5 X 104

313

21+

(%)
100

is 334

2.5 x 103

215

114

VirLis inoculated"

is 336

81xj04 FFu

50

A

2.5 x 105

4/4

414

(%)
100

2.5 x 104

2/2

5/6

ts 260

7.5 x 102

115

216

81xj03 FFU

2.5xi05 FFU
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FIGURE 3 . Twillor productio, I by is 336 illoci, /ated $116cwtn, ,eons/y into the '01/1g toebs of ch, tits. A : 0"e-day-old
chicks. B: Te, ,-day-old chicks. Treatme"ts and sy"Ibols ore the same as those in File. I
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back mutants which could transform chick

embryo fibroblast cells at the nonpermissive
temperature (Table 2). Thus part of the
tumor formation by ts mutants seemed to be

(%)
100

A

3.8xi03 FFU

50

caused by back mutation of the ts character.
However, back mutants could not be detected
in more than half the tumors induced by ts
334, ts 336 or ts 260. These tumors might be

30

Inoculation (days)

FIGURE 4. Tumor prodi, ct, 'o71 by ts 260 trioc"toted rubci, t@"eowsly into wing webs of chicks. A: Owe-day-old
chicks. B: Ten-day-old chicks. Treatment and symbols ore the some OS those in Fig. I.
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FIGURE 5. Tumor proofi, ctio" by the cells transfor?,!edi, , artro by ts 722. Ten-day-old chicks werei"DCul@ted cotth
trait $10, "led cells subci, tnneo"sly (4) or i"tra"it'scumry (B) i"to cot, Ig webs and were kept at 30 C without chick
bulb-heater.
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TABLE 2. Test o1 tentpe, 'attire sensittbth'es of oaruses reco"ei'ed from tu"107'sit

No. tested

(-)"Virus

Back mutant (+)'

" Tumors were removed 40 days after inoculation and viruses in 10% emulsions of tumors were tested at
36 C and 41 C

" Virus was not recovered from the tumor at either 36 C or 41 C
" Virus which could produce foci at 41 C

caused by " leaky " infection of ts mutants.
Tumors produced by ts 122-transformed cells
contained a high proportion of back mutants
and all the tumors which appeared after in-
tramuscular inoculation of the cells contained
back mutants.

is 334

10

2

2

DISCUSSION

Tumors produced by

is 336

Many ts mutants of avian RNA tumor viruses
have been reported to I\ave cell transforming
ability only at the permissive temperature
(Toyoshima and Vogt, 1969 ; Martin, 1970 ;
Kawai and Hanafusa, 1971 ; Biquard and
Vigier, 1972 ; Bader, 1972 ; Wyke and Linial,
1973), but little is known about the relation
between the temperature sensitivity of these
mutants in vitro and their tumor forming
capacity in vivo. Three mutants have been
reported which showed a higher tumor produc-
ing capacity than that expected from their ts
characters, since the rectal temperature of
chicks is 42 C (Friis at a1. , 1971 ; Kawai and
Hanafusa, 1971 ; Toyoshima, 1972).

To elucidate this problem, tumor formation
in vivo of ts mutants was tested under various

conditions. Tumors appeared at higher fre-
quencies and grew faster in chicks exposed
to unfavourable conditions than in chicks kept
under normal conditions. These unfavourable

conditions killed a certain proportion of the
chicks during the first week, suggesting that
under these conditions the body temperature
of the ne\\, born chicks decreased. Under

3

o

o

ts 260

10

o

3

normal conditions, the frequency and progres-
SIon of the tumors were considerably less in
chicks inoculated with Is mutants than those

inoculated with wild type viruses. Tumors
rarely developed when a dose of less than 102
FFU of the mutants was inoculated. How-

ever, inoculation with 103 FFU or more of the
mutants resulted in formation of some tumors.

Some of these tumors might have been pro-
duced by back mutants, but most of those
produced by ts 334 and is 336 might be ex-
plained by " leaky " infection.

The results suggested that ts mutants for
cells transformation in vitro also had a

temperature-dependent character for. tumor
production in vivo. This suggestion was sup-
ported by results on tumor production by is
122-transformed cells. Chick fibroblast cells

transformed by ts 122 rarely formed colonies
in soft agar at 41 C. However, even these
cells produced nodules as early as 7 days after
inoculation and induced tumors in high in-
cidence when Inoculated subcutaneously Into
the wing webs of chicks. \\Ihen inoculated
intramusculary, these cells produced tumors
late in the observation period. The incubation
period was much shorter after subcutaneous
inoculation than after intramuscular inocula-

tion. This difference might be caused by leak
of the Is function in the former. Once tumors

had appeared after intramuscular inoculation,
they grew rapidly. Allvirus samples recovered
from these tumors contained back mutants.

The chance of back mutation in IglTt increase

Is 122

9

2

6
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with a prolonged observation period, since is
122 could replicate at the nonpermissive tern-
perature. These back inutated viruses might
produce tumors late in the observation period.
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