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Because of growing evidence from 
other laboratories that some mouse 
tumors are caused by virus (1), we 
began a search for a viral agent that 
might be associated with osteogenic 
sarcomas in CF1 mice. 

So far we have examined seven 
radiation-induced and four spontaneous 
osteosarcomas for evidence of virus by 
use of a modification of the method 
developed by Gross for isolating a 
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leukemogenic agent from AK mice (2). 
Definite oncogenic activity has been 
found in an extract prepared from one 
of the spontaneous bone tumors. 

The osteosarcoma from which the 
active agent was extracted appeared in 
a 260-day-old stock male mouse of the 
CF1/Anl strain. The tumor, which in- 
volved the 10th, 11th, and 12th tho- 
racic vertebrae and the 12th rib (Fig. 
1A), was removed under sterile condi- 
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Fig. 1. (A) Radiograph of spontaneous osteosarcoma from which the oncogenic agent 
was extracted originally. (B) Tumor induced by the extracted material. 
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tions, ground in a cold mortar, and 
diluted with about five parts saline. A 
portion of the resulting cell suspension 
was injected into a litter of 12-day-old 
CF1 mice, and the remainder was 
centrifuged at 2500 rev/min for 10 
minutes at 0?C (International centri- 
fuge, model PR-2). The supernatant 
was centrifuged again for 20 minutes 
at 3300 to 3500 rev/min (approxi- 
mately 1500g), and the resulting su- 
pernatant was injected subcutaneously 
into a newborn litter of CF1 mice and 
intraperitoneally into a litter that was 
33 days old. 

One of the mice that had received 
the extract on the day of birth died 
with an osteosarcoma of the cervical 
spine 280 days later. At 337 days a 
large tumor mass extending from the 
lower thoracic to the midlumbar spine 
was observed in another mouse of 
the same litter (Fig. 1B). An extract 
of this tumor was prepared as before 
and injected subcutaneously into four 
newborn litters of CF1 mice. A hard 
mass was observed on the back of one 
of the recipients when it was 67 days 
old, and 4 days later four more of the 
mice, belonging to three of the litters, 
had palpable bone tumors. 

These four mice were killed at 71 
days of age, and each was found to 
have two osteosarcomas. Five of the 
eight tumors were in the spine, two 
were in ribs, and one was in a humerus. 
The combined tumors were extracted, 
and a portion of the extract was put 
through a 0.45-n/, HA type, Millipore 
filter. Four newborn litters were inocu- 
lated subcutaneously, two with the ex- 
tract and two with the cell-free filtrate. 
The first tumor was noted at 35 days 
in a mouse that received extract and 
at 61 days in a mouse that received 
filtrate. The latter animal had osteosar- 
comas in the sternum, first lumbar 
vertebra, right ilium, and right tibia 
when it was killed at 70 days of age. 

The results obtained in one line of 
passage from the first extraction on 11 
March 1963 to 11 March 1965, are 
summarized in Fig. 2. In each case 
0.1 ml of material was injected either 
under the skin of the back or into the 
peritoneal cavity of CFI mice. After 
the third passage only filtrates were 
used, and tests of the procedures 
showed the filters to be impervious to 
Escherichia coli. The chart includes all 
mice that survived to weaning age; 
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Virus Induction of Osteosarcomas in Mice 

Abstract. A virus extracted fron ani osteosarcoma of a mcouse produces similar 
tumors when injected into newborn mice. The original tumor appeared spon- 
taneously in an untreated CF1 male. The time between inoculation with virus 
and detection of bone sarcoma has been as short as 23 days. 
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Fig. 2. Summary of 2 years' experience (ending 11 March 1965) along one line of passage. Each square represents a mouse, and 
joined squares represent littermates. The numbers in the shaded squares represent the age in days when the tumor was detected. 
The black represents mice that died without bone tumors. White squares represent living mice without (detected) bone tumors. 
All litters received filtrate except those marked E (extract) or S (cell suspension), and all were inoculated on the day of birth 
except two in the first passage (12 and 33 days old). Arrows designate donors of material for the next passage. In the X10 run 
there were five litters, the fifth being shown just beneath the fourth. 

The time to the appearance of the 
first tumor decreased from 280 days 
in the first passage to 67 days in the 
second passage and to only 35 days in 
the third passage. Since then a few 
tumors have been palpated earlier, even 
at 23 days. The rapid appearance of an 
osteosarcoma in one member of a litter 
usually is followed rather soon by the 
appearance of tumors among other 
members of that litter. However, litter- 
mates are not always equally sensitive. 
For example, in the first litter of the 
second passage, three of the five mice 
have had bone tumors, but the time 
of appearance ranged from 71 to 271 
days. One member of the litter died 
without tumor at 243 days, and one is 
still alive, apparently without tumor, 
540 days after inoculation. 

Some entire litters seem to be re- 
sistant to the oncogenic activity of the 
inoculum; however, some ,are particu- 
larly sensitive, such as the one that was 
used in the fifth passage, where each 
of the ten members had bone sarcoma 
by 84 days, and most of them had 
more than one tumor at death (Fig. 
3). 

During the 2-year period, 22 pas- 
sages were made from the original 
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Fig. 3. Radiographs of a fifth-passage mouse. (A) Osteosarcoma of femur 58 days 
after inoculation. (B) Osteosarcomas of scapula, 13th thoracic vertebra, 2nd sacral 
vertebra, femur, and pubis at autopsy 106 days after inoculation. Tumors were also 
present in each humerus and the sternum. Several radiopaque areas in the thoracic 
and lumbar spine might be neoplastic. 
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osteosarcoma. Although more than 
half of the inoculated mice were still 
alive on 11 March 1965, 21.4 percent 
already had malignant bone tumors in 
contrast to the normal incidence in the 
CF1 strain of 1 to 2 percent. Other 
diseases have been rare among these 
mice, and there has been no indication 
that tumors of any other kind have 
been produced by ,the injection ,of ex- 
tracts ,and filtrates from the osteosar- 

comas. Most of the animals that died 
without bone tumors were males in- 

jured in fights with cage mates. 
The radiographic appearance of the 

tumors has not changed with successive 
passages. Proliferative activity seems to 
begin at the periosteum, and growth 
proceeds peripherally with deep cor- 
tical bone becoming involved relatively 
late. Microscopic appearance, also, has 
remained the same. Individual tumors 

Fig. 4. (A) Photomicrograph of the original, spontaneous osteosarcoma, showing 
diversity of cells and matrix. (B) Osteosarcoma of ribs in a fifth-passage mouse 131 
days after inoculation. (C) Osteosarcoma of sternum in a sixth-passage mouse 74 days 
after inoculation. (D) Tumor node in diaphragm of a sixth-passage mouse 55 days 
after inoculation. 

700 

usually show considerable histologic 
variation from region to region. Cell 
types range from fibroblasts to giant 
cells and osteocytes, and wide differ- 
ences ,occur in the amount of osteoid 
and in the degree of ossification 
(Fig. 4). 

Electron-microscopic examination of 
extracts and filtrates prepared from 
tumors of inoculated animals has 
shown tailed viral particles similar in 
size and morphology to some known 
murine oncogenic viruses (3). The par- 
ticles also have been found in pellets 
that were formed by centrifuging ex- 
tracts at 30,000 rev/min (average of 
57,300g) for 60 minutes 'in a Spinco 
ultracentrifuge, and osteosarcomas 
have developed in mice inoculated with 
a portion 'of this same material. 

Although this new agent resembles 
other murine oncogenic viruses, it dif- 
fers from those described in that it 
produces only malignant bone tumors. 
The SE polyoma virus, which has 
caused a few osteogenic sarcomas, pri- 
marily produces a variety of soft tissue 
tumors (4). Serum from our tumor- 
bearing animals did not contain poly- 
oma virus antibody. 

Possibly the experiences of Pybus 
and Miller with bone tumors in mice 
were due to the same, or la similar, 
virus (5). By rigorous inbreeding of 
the progeny of tumor-bearing mice, 
they produced a line in which -the in- 
cidence ,of bone tumors was increased 
tenfold over that found in the parent 
stock. Histologic type included oste- 
oma, osteosarcoma, osteos'arcoma with 
giant cells, and chondroosteosarcoma. 
They attributed their results to an in- 
herited tendency on the part of the 
mice ito develop bone tumors. How- 
ever, since their mouse line ultimately 
lost this tendency, the 'disease might 
have had an infectious instead of a 
genetic basis. 

For purposes of identification, the 
oncogenic ,agent isolated from the CF1 
osteosarcoma has tentatively been 
named the FBJ virus (6). 
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Fluorescent Tracer: Transport in 
Distance and Depth in Beach Sands 

Abstract. Foreshore tidal-cycle trans- 
port of sediment along a beach profile 
can be traced in distance and depth 
by the use of fluorescent pigments. Sedi- 
ment cores are obtained from locations 
on the profile, dyed in horizontal seg- 
ments, and returned to their original 
positions in the beach. Analyses of 
flood- and ebb-tide samples of sedi- 
ment reveal the pattern of littoral zone 
sedimentation. 

Investigations of sediment transport 
currently employ two basic injection 
and sampling procedures (1). In the 
space-integration method, counts of 
tracer particles over a sampling grid re- 
veal the pattern of particle distribution, 
with the time-rate of change indicated 
by repeated sampling without replace- 
ment of tracer. The time distribution of 
tracer particles is determined, in the 
time-integration method, by sampling 
along a section transverse to the flow. 
Both techniques are limited to essential- 
ly surface transport along the length 
and breadth of the area being studied. 
The depth of foreshore erosion has been 
determined by placing vertical columns 
of tracer-labeled sediment in the beach 
(2). 

A new procedure was devised in 
connection with a recent beach study, 
by which the sequence of tidal-cycle 
scour, transport, and deposition of par- 
ticulate tracer grains can be followed 
along the beach profile; quantitative 
measurements of depth and particle 
numbers can also be obtained. The 
method thus adds a third dimension, 
that of depth, to the established sedi- 
ment-transport techniques. 

The technique was tested on sandy 
pocket beaches at Indian Harbour and 
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incoming waves are refracted so as to 
break normal to the shoreline, thus 
minimizing sediment transport along 
the length of the beach. 

At low water preceding the period 
of observation, two 6-cm-diameter cores 
of sediment were taken from the beach: 
one at the upper swash limit, and the 
other at mid-foreshore along the same 
profile. Small auxiliary cores were also 
taken from the same sites. The top 12 
cm of sediment in the two larger, 
plunger-type, core tubes was removed 
in three equal horizontal increments. 
The six segments of sand thus ob- 
tained were dyed with different fluores- 
cent colors by the method of Yasso 
(3). The segments of coated particles 
were then returned to the core tubes 
in their original positions to preserve 
the character of the layers in the beach. 
The mid-foreshore tracer core was des- 
ignated X, the colored segments be- 
ing blue, yellow, and red from the top 
down; the swash-limit tracer core was 
designated Y, the colors from top to 
bottom being pink, green, and orange 
(Fig. 1). 

At low water on the day of observa- 
tion, the tracer cores were returned to 
their original positions. Thin metal guide 
rods were driven into the beach 50 
cm to each side of the tracers and their 
exposed heights were recorded. During 
the tidal cycle the beach profile ad- 
jacent to the tracer area was measured 
hourly (4); as the tide rose the ex- 
posures of guide rods above the sand- 
water interface were measured (5). 

When tracer-core X was located in 
the lower portion of the flood-tide 
swash-backwash zone, samples A, B, 
C, and D were taken: the first three 
in core tubes with an inside diameter 
of 4.5 cm; the last in a 230-g container. 
The procedure was similar in obtaining 
samples E, F, G, and H during the 
ebb when tracer-core Y became located 
in a comparable position. In both in- 
stances the upper sample core (A-E) 
was located just seaward of the then- 
prevailing upper swash limit; the mid- 
dle sample core (B-F), at the tracer- 
core site in the lower swash-backwash 
zone; the lower core (C-G), in the 
breaker zone; and the container sample 
(D-H), in the shoaling wave zone be- 
yond the base of the step, as in Fig. 2 
and (6). 

These procedures were followed 
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core site in the lower swash-backwash 
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and sample cores. 

Hourly profiles were plotted for each 
tidal cycle, and surface-level changes 
at the guide rods were calculated. 
Analyses of grain-size distribution were 
made for each 4-cm increment of the 
small auxiliary cores that were taken 
when the sediments to be dyed were 
cored. 

Each core sample, A, B, C, E, F, 
and G, was divided into two equal 
horizontal increments designated 1 and 
2 from the top down; these were 3 to 
5 cm in thickness, depending on the 
length of the core. Container samples 
D and H were split in a sediment- 
sample divider to make their volumes 
of the same order of magnitude as 
the other sample segments. Analyses of 
grain-size distribution were then made 
for each sample, and the number of 
particles of each fluorescent color in 
each size range in the samples was 
recorded. Thus, for each increment in 
depth of the core samples, and for the 
container samples, the grain-size and 
tracer-particle distributions were ob- 
tained and tabulated. 

The plotted profiles and surface- 
level changes at the guide rods, to- 
gether with visual observation of the 
tracer cores and sample cores, sup- 
port the tidal-cycle sequence of phases 
of initial deposition, scour, and step 
deposition outlined by Strahler (6). A 
pattern of littoral-zone tidal-cycle 
sedimentation may be developed from 
the tabulation of data on grain-size 
and tracer-particle distribution, based 
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Fig. 2. Detail of sources of sample cores 
at time of sampling. 
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