Renal Adenocarcinomas
Promoted by Crowded Conditions
in Laboratory Frogs'
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SUMMARY
but

not

renal adenocarcinomas
naturally

transmitted

in the frog are presumed
between

adult

frogs.

to be caused by a

However,

we

have

ob

served a high incidence of renal tumors in frogs maintained in the laboratory under
crowded conditions in contrast to frogs housed under relatively uncrowded con
ditions.
These results suggest that under laboratory conditions natural transmission
or an unknown environmental
factor(s) is important in the epidemiology of the frog
renal adenocarcinoma.

High incidences of spontaneous renal tumors have been
reported by the Raffertys (10) in leopard frogs (Rana
pipiens pipiens) that were maintained under crowded con
ditions in the laboratory for periods ranging from 3 to
10 months.
These incidences (20â€”50%) are significantly
higher than the incidence that LuckÃ©(5) found in newly
caught frogs (2.7 %) or in frogs that he maintained in the
laboratory for a year or more (6.7 %). Subsequent studies
by Rafferty (7) have shown that high environmental
tem
perature and large body length are important factors in
promoting high incidences of renal tumors in laboratory
maintained
frogs and that the temperature
factor, at
least, can account for the differences observed by several
investigators.
Since the incidence of renal tumors in iso
lated frogs was found to be the same as that in frogs
maintained under crowded conditions (8, 11), Rafferty (9)
has suggested that natural transmission
between adult
frogs is not a factor in spontaneous tumor development
and that, if a virus is involved, it may act as an infective
agent earlier in the life cycle of frogs.
Stimulated by Rafferty's initial findings (10), we main
tamed a colony of adult leopard frogs under laboratory
conditions primarily to obtain a dependable
supply of
renal tumors for nuclear-transplantation
studies (1, 3). In
addition, we designed the experiment to examine to what
extent the degree of crowding influences the incidence of
spontaneous
tumor formation.
In October, 1961, when
this experiment was initiated, information on this point
was not available.
MATERIALS
All frogs

used

in this

from the fields bordering
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METHODS

experiment
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the Mud
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investigation
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by
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housed

in glass

refrigerator

aquaria

and

kept

at 4Â°C for 4 months.

in spring

Following

water

this

the

frogs

were

again

palpated

for renal

tumors,

but

none was detected.
The body length from rostrum
pubis was measured, and each frog received 3000 units
penicillin i.p. to prevent the possibility of deaths due
bacterial infections (7). All the frogs were housed
3.5-gal rectangular tanks constructed of glass sides and
slate

floor.

Each

tank

received

to
of
to
in
a

500 ml of dechlorinated

tap water once a week, and the frogs were fed a diet of
crickets, earthworms,
and/or beef liver twice a week.
The animaLs were maintained
in the laboratory
for 34
months.
Three and one-half months after the initiation
of the experiment the animals were palpated and adminis
tered a 2nd injection of penicillin.
Thereafter, they were
palpated monthly.
The body length of individuals that
died or were sacrificed for use in other experiments was
measured; then the animals were autopsied and examined
for the presence of tumors.

by us

Grants

were

storage period the experiment was initiated and the frogs
were placed in a laboratory room at 22Â°Â± 2Â°C. At this

RESULTS

Creek and Swanton

River areas in the vicinity of Alburg, Vermont. These
1 This

collecting areas include part of the Lake Champlain region,
long used as the major source of Rana pipiens pipiens.
At
the time of capture, no palpable renal tumors were de
tected in frogs obtained from either of the 2 collecting
areas.
On arrival at our laboratory the frogs were sepa
rated according to sex, then distributed into groups of 1, 2,
3, 4, or 6 individuals.
The dorsal pigment pattern of all
frogs was photographed,
and the negatives were used
throughout the experiment as a means of identifying each
individual frog. Before the experiment was begun the

Among the 93 frogs that composed this experiment, 25
developed renal tumors.
Twenty-two renal tumors were
examined, histologically, and all conformed to the histo
pathology of the frog renal adenocarcinoma
as described
by LuckÃ© (4). Eighteen
of the tumor-bearing
frogs
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TABLE 1
THE OCCURRENCE OF SPONTANEOUS KIDNEY TUMORS IN FROGS
MAINTAINED

IN THE LABORATORY

or TUMOR-BEARING
FROGSIN

TANKNo.

EACH OF 24 TANKSTOTALSNo.

tumor

bearing

frogs1

0

3
4

0
0

0
0

6

00 10 21 21 32 3442

0
0

1

Total0
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9
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0
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of frogs in the crowded group.
not bear renal tumors
frogs.

Thus,

length

alone have promoted

tumors

930

The
2
MEAN BODY LENGTH AND MEAN
DEATHC0NDm0N
FROGS AT

it is not likely that

among

crowded

following

present

First,

1st 14 months.

findings

although

emerged

the

colony

Less crowded

C Crowded,

b In

6

Rafferty's

frogs/tank;

study

less

(8)

the

formation,

(â€œ@â€˜)@LABORATORY

crowded,

relatively high incidence of spontaneous
was: d@,72.9mm; 9 ,80.0mm.

1â€”4

body

at least 20 % of the frogs remained

even under

conditions

that

favor

Third, no striking

a high rate of

difference in per

which

a

renal tumors occurred

possessed bilateral renal tumors, which ranged in size from
10 x 20 x 4 mm to 35 x 38 x 20 mm; 7 of these frogs also

had tumors in the liver, lungs, urinary bladder, or testes.
The 7 other renal tumors were unilateral ; 5 were large
(from 9 x 10 x 5 mm to 26 x 38 x 25 mm) and 2 were small
(2.5 x 3.0 mm and 3.0 x 5.0 mm).

large unilateral

tumors

Two of the frogs with

also had tumors

in the lungs and

ovary, respectively. Forty-nine frogs that died during
the course of the experiment did not possess macroscopi
cally detectable renal tumors. At the termination of the
experiment

20 frogs remained,

and 1 of these had a small

unilateral kidney tumor.

tumors,

a high incidence

of renal tumors is shown in Table 1. Approximately the
same total number of frogs was housed in groups of 1â€”4or
6 (45 and 48, respectively) ; however, 19 tumors arose in

frogs that were housed in groups of 6, and only 6 tumors

76 % occurred

fact

that

the

occurrence

electron

microscopic

strated a virus in the frog
known whether this virus
Since the etiology of this
lished, our present results

of the

crowded

tanks

contained 2â€”4tumor-bearing
frogs, whereas only 1 tank of
the less crowded group contained more than 1 tumor
bearing frog.
Previously, Rafferty (7, 8) found that a relatively high
incidence of spontaneous renal tumors occurs in frogs of

in

in more

than

under crowded

studies

have

demon

renal adenocarcinoma,
it is not
is the oncogenic agent (2, 6).
tumor is not definitely estab
are open to a number of inter

pretations.
An infective agent may under crowded condi
tions be transmitted
from one frog to another
via direct
or through

respiratory

waste

products

or excreta.

On the other hand, a noninfective factor in frog waste
products may accumulate
to a threshold
level under
crowded conditions.
When recycled through the kidneys,
these products might irritate the cells of the kidney
tubules.
Such a physiologic stress might either induce

tumor formation per se or promote the formation of tumors
enters

most

were housed

tumors

conditions.
Although

crowded conditions was the multiple occurrence of tumors
for example,

of renal

was found almost exclusively

time at which Rafferty

1 tank;

that

1 frog/group

occurred in frogs maintained
under less crowded condi
tions.
Chi-square analysis of this difference was highly
significant (P < 0.01). Also characteristic of frogs under
within

in frogs

crowded groups.
Contrary to previous reports (5, 8, 11),
the present data suggest that under crowded conditions in
the laboratory natural transmission among mature frogs is
an important factor in the epidemiology of the frog renal
adenocarcinoma.
Support for this thesis comes from the

contact

The influence of crowding in promoting

the

The present study was conducted for 34 months, during
which time 27 % of the frogs developed renal tumors.
Of
these

in

between

DISCUSSION

frogs/tank.

length

our

main

72 % of the tumors arose during the

Second,

tumor development.

71.8
13.3
6
29
73.4 84.0 17.8 23.2
3971.1 73.975.282.913.620.214.3 24.7

average

from
was

centage of tumor-bearing
frogs was observed
sexes (females, 33 % ; males, 25 %).
No tumorsCrowded
Crowded
Less crowded19

of renal

refractory to spontaneous
tumor formation.
This mdi
cates that some frogs possess a natural resistance to tumor

LENGTH

@Â°@Â°â€˜Â°@â€œ@)c?9o@9Tumors
OFPOPULATION SIZEÂ°TOTALNO.BODY

age and body

a higher incidence

additional

study.

tumor-bearing

laboratory

frogs.

tamed for 34 months,
LABORATORY AGE OF

In addition, frogs that did

lived longer than

in frogs

already
as a latent

It should

infected

at the

infective

be pointed

egg

or tadpole

stage,

the

(9) proposes that the tumor virus
agent.

out

that

some

of the

conditions

under which this experiment was conducted differed from
those used by Rafferty (8) and Roberts (11). Before being
brought to the temperature
of the laboratory, our frogs
were stored at 4Â°Cfor 4 months, whereas the frogs used
by Rafferty and Roberts were placed at laboratory tern
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0

large body length.
Body length was taken as an indica
tion of relative age. In our laboratory frogs, the mean
greater than the mean body length of frogs that Rafferty
found to possess a high incidence of tumors (see Table 2).
Furthermore,
those frogs which did not have renal tumors
had a slightly greater mean body length than frogs with
renal tumors.
Equally important
is the fact that the
mean laboratory age of frogs in the less crowded group was
about the same as or greater than the mean laboratory age

of

of
frogsNo.

2

1911

Adenocarcinomas

body length of all groups of frogs was about the same as or

AT

22Â°Â± 2Â°CFOR 34 MONTHS

No. or FROGS!

Renal

Cancer Research
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perature
was

immediately

carried

studies

out

after capture.

over

a 34-month

were conducted

The present
period,

but

study

previous

for only 4 and 8 months

(1 1, 8).

Our frogs at weekly intervals were given 500 ml of tap
water,

dechlorinated

with

Humphrey,
Department
personal communication).

sodium

thiosulfate

(Dr.

R. R.

of Zoology, Indiana University,
In Rafferty's experiments the

crowded frogs received about 2000 ml of tap water daily,

We acknowledge

ACKNOWLEDGMENTS
the valuable assistance

and Histologic Analysis of Tumor Nuclear-Transplant
Em
bryos. Develop. Biol., 11: 217â€”42,
1965.
2. Fawcett, D. W. Electron Microscope Observations on Intra
cellular Virus-like Particles Associated with the Cells of the
LuckÃ©Renal Adenocarcinoma. J. Biophys. Biochem. Cytol.,
2: 725â€”42,1956.

3. King, T. J., and Di Berardino, M. A. Transplantation
of
Nuclei from the Frog Renal Adenocarcinoma. I. Development
of Tumor Nuclear-Transplant
Embryos. Ann. N. Y. Acad.

Sci., 126: 115â€”26,
1965.
4. LuckÃ©,B. A Neoplastic Disease of the Kidney of the Frog,
Rana pipiens. Am. J. Cancer, 20: 352â€”79,
1934.
5.
. Kidney Carcinoma in the Leopard Frog: A Virus

Tumor. Ann. N. Y. Acad. Sci., 64: 1093â€”1109,
1952.
6. Lunger, P. D. The
Frog Kidney Tumor
7. Rafferty, K. A., Jr.
Factors Influencing
inoculated Frogs. J.

8.
of Miss Linda Bohi

and Miss Nancy Evans, and are indebted to Mrs. Helen W.
Pfeiffer for caring for the animals used in this study.

We wish to

thank Dr. Keen A. Rafferty, Jr., Department of Anatomy, The
Johns Hopkins University, for his critical reading of this manu
script.
REFERENCES
1. Di Berardino, M. A., and King, T. J. Transplantation
of
Nuclei from the Frog Renal Adenocarcinoma. II. Chromosomal

1965

. Spontaneous Kidney Tumors in the Frog: Rate of Oc
currence

9.

Isolation and Morphology of the LuckÃ©
Virus. Virology, 24: 138-45, 1964.
Age and Environmental
Temperature as
Development of Kidney Tumors in Un
Natl. Cancer Inst., 29: 253â€”65,1962.

in Isolated

Adults.

Science,

141: 720â€”21,1963.

. Kidney Tumors of the Leopard Frog : A Review. Cancer
Res.,24:169â€”85,
1964.
10. Rafferty, K. A., Jr., and Rafferty, N. S. High Incidences of
Transmissible Kidney Tumors in Uninoculated Frogs Main
tamed in a Laboratory. Science, 133: 702â€”3,1961.
11. Roberts, M. E. Studies on the Transmissibility and Cytology
of the Renal Carcinoma of Rana pipiens. Cancer Res., 23:
1709â€”14,1963.

Downloaded from http://aacrjournals.org/cancerres/article-pdf/25/11_Part_1/1910/2379472/cr02511p11910.pdf by guest on 26 June 2022

and the tanks were arranged so that a constant inter
change of small amounts of water occurred ; his isolated
frogs were given about 100 ml of tap water at about daily
intervals.
Our frogs were fed a diet of crickets, earth
worms, and/or beef liver twice a week ; however, Rafferty
and Roberts maintained their animals on a diet of meal
worms once and twice a week, respectively.
The signifi
cance of these differences in promoting a high incidence of
renal tumors in laboratory-maintained
frogs is unknown.
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