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Physiological Thymidine Reutilization in Rat Bone Marrow.* (31159) 
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The method of studying cell turnover in 
whole organs or tissues with the aid of a 
label for DNA requires a tracer which is 
metabolically available for a short time only 
and which is not reutilized following catabo- 
lism of DNA. This requirement must be met 
also when cell proliferation is examined over 
periods of several cycles. 

Labeled thymidine, because of its speci- 
ficity as DNA precursor and because of its 
rapid incorporation by cells, is widely used 
for turnover studies( 1).  However, the ad- 
vantages of labeled thymidine as tracer may 
be offset by the fact that it is a t  least par- 
tially reused when DNA is catabolized ( 2-9). 
Since DNA as a carrier of genetic informa- 
tion in chromosomes is retained throughout 
the life of the cell under normal conditions 
(exclusive of possible repair processes), the 
reutilization of labeled thymidine can only 
begin after death of those cells that had in- 
corporated the tracer during DNA synthesis. 

A DNA catabolite, such as thymidine, its 
nucleotides, or even nucleotide chains, may be 
reutilized by direct intercellular exchange, or 
transported via the blood or lymph circulat- 
ing between cells in different organs either 
in a free form or bound to cells acting as 
carriers. For example in the bone marrow, 
direct intercellular exchange of DNA catabo- 
lites may occur, since the most mature 
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nucleated precursors of red cells extrude their 
nuclei in the process of becoming transformed 
into reticulocytes. These nuclei are at least 
partially phagocytized in the marrolw ( lo) ,  
where catabolites of DNA consequently may 
become available for reutilization without 
mediation of the circulation. Whatever the 
mechanism of reutilization rnay be, the 
passage of DNA catabolites from one cell 
to another requires a more quantitative 
evaluation. 

While the phenomenon of reutilization of 
thymidine-or its nucleotides-has been es- 
tablished in principle, the magnitude of 
this reutilization pathway and the type of 
material reutilized has remained largely un- 
certain mainly because of the lack of a proper 
tracer as reference for measuring true DNA 
renewal with exclusion of reutilization. This 
problem rnay now find a solution by using 
as a reference tracer the thymidine analogue 
labeled S-iodo-2’-deoxyuridine (IDU) , in 
parallel with labeled thymidine. IDU labeled 
with 1131 has been used( 11,12) to specifically 
label DNA in cells, and i t  was recognized that 
data on DNA renewal obtained with I131-DU 
were not in agreement with results obtained 
with tritiatecl thymidine, the discrepancy 
being due to poor reutilization of the former 
in relation to the latter(2,7,9,13). The first 
results using IDU as reference tracer in bone 
marrow cells and interpreted in terms of 
thymidine reutilization were published pre- 
viously(7,14). They are now extended and 
further discussed. I t  appears that, in rat 
bone marrow, 3576 of the liberated thymi- 
dine, or its nucleotides, is physiologically re- 
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utilized. Moreover, no isotope effect of trit- 
ium on the enzymatic reactions in the 
reutilization pathway was observed. 

Methods. Female Sprague-Dawley rats, 
free of disease, were used for all experiments. 
They were between 3-4 months old and 
weighed approximately 200 g. Prior to and 
during the experiments the nutrition and cage 
condition was not altered except for changing 
the number of rats per cage. 

The following labeled DNA precursors were 
used: H3-thymidine, specific activity ‘1.9 
C/mM (from Schwarz BioResearch, lot no. 
2309) ; 2-Cl4-thymidine, specific activity 30 
mC/mM (from New England Nuclear Corp., 
lot no. 175-87a-23) ; and 5-1131-2’-deoxyuri- 
dine, which was kindly prepared by Dr. Com- 
merford according to the method of Prusoff 
(12) to a high specific activity of more than 
30 C/mM. These precursors were injected 
into the tail vein in the following doses per 
g body weight: H3-thymidine (H3-Tdr) 0.1 
pC ; Cl4-thymidine ( C14-Tdr) 0.01 pC ; P1- 
deoxyuridine ( 1131-DU) 0.18 $2. 

At various times after injection, as indi- 
cated under Results, the animals were killed 
with ether, one for each experimental point. 
Immediately after death the hind legs were 
cut off, and the bones were cleaned of soft 
tissue, split a t  both epiphyses, and the mar- 
row was blown out of the bones into buffered 
saline. After the cells were gently dispersed 
into a single cell suspension and after sedi- 
mentation of the fibrinous material, aliquots 
were taken for triplicate cell counts in a 
Coulter counter properly calibrated. A pre- 
cise volume of the cell suspension was then 
transferred to new tubes for further work up. 
The suspensions were always kept in an ice 
bath. 

In side experiments a modified Schmidt- 
Thannhauser method( 15) was used for sepa- 
rating acid s(o1uble nucleotides, and RNA 
from DNA. The specific binding of H3-Tdr 
to DNA was confirmed, and also the radio- 
activity attached to the residual “protein 
fraction” after DNA hydrolysis in perchloric 
acid could be ascribed to non-extracted DNA 
on the basis of ultra-violet light spectral 
analysis with correction for protein contam- 
ination ( 1 5 ) .  The acid soluble nuclestides and 

the saline wash (non-volatile) was found to 
contain less than 5 %  of the radioactivity 
bound to DNA later than one hour after pre- 
cursor injection. It was 1.66% at  day 2. 
Consequently the following techniques were 
used: 

In the experiments with labeled thymidine 
the cells were centrifuged from the saline 
suspension and stored in cold 95% ethanol 
prior to digestion of the sediment with 
Hyamine, 2 ml for lo8 cells. Fractions of 
the hydrolysates were counted by the liquid 
scintillation technique( 16) in a Packard 
TriCarb instrument. Quenching was corrected 
for by using the appropriate internal standard. 

In one set of IDU experiments the acid 
soluble fraction was extracted with cold 2% 
perchloric acid, and the residue was then 
suspended in cold ethanol prior to measuring 
the 1131 directly in a colnventional crystal well 
counter. The volumes were kept equal for 
all preparations. In a second IDU experiment 
the bone marrow was not isolated, but 2 
femurs and 2 tibiae, carefully cleaned of soft 
tissue, were directly measured in the crystal 
well counter. All data are expressed in counts 
per minute per unit number of cells, or per 
2 femurs and 2 tibiae. 

The experimental error of tracer injection 
and nucleic acid extraction (modified Schmidt- 
Thannhauser method ( 15) ) was determined 4 
times on groups of 5 rats, using H3-cytidine 
as tracer. Fo’r the RNA specific activity the 
standard deviation was 17.8%, and the stand- 
ard deviation of the mean was 7.970; the 
corresponding values for the DNA specific 
activity were 15.9 % and 7.1 1 % , respectively. 
These values are expectedly lower for the 
present experiments, because of the simplifi- 
tion of techniques. 

Results. Fig. 1 lists the data obtained with 
thymidine labeled with 3H or 14C. In both 
experiments the radioactivity per unit of cells 
regresses exponentially and in parallel with 
time after injection, observed from day 1 on. 
The half time of both regressions is equally 
about 2 days (46 hours), equivalent to a 
rate od regression of 0.01 5 per hour ( In 2/46). 

activity 
for the total bones (2 femurs and 2 tibiae), 
for the the acid insoluble fraction of the 

Fig. 2 gives the regression of 
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FIG. 1 .  Regression of radioactivity bound to the acid insoluble fraction (DNA) of 10' nucleated 
bone marrow cells, normalized to the value a t  day 1,  after injection of H3-thymidine (0 .1  pC/s  
body weight) and of C"-thymidine (0.01 p C / g  body weight). For the curve representing H3 
the value of day 1 was obtained by extrapolation. The standard error of injection of tracer 
and  nucleic acid extraction was below 8% (see text, Methods ) .  The counting error remained 
below 4.4% except: C14 day 9 = 9 % ;  H3 day 11 = 10%; day 11 = 127%. 

FIG. 2 .  Regression of Im bound to the acid insoluble fraction of 10" nucleated bone marrow 
cells, or bound to bhe total bones (2  femurs and 2 tibiae), normalized to the starting value, 
corrected for decay. The counting error of the bones remained below 3%. The counting: error 
of the acid insoluble fracti,on remained below 
day 7 = 11%; day 8 = 12C;lc; day 9 = 1470. 

marrow cells from these bones. Here, too, 
the regression proceeds exponentially from 
day 1 to day 9. Both curves are parallel and 
have half times of 1.2 to 1.3 days (30 hours), 
corresponding to a regression rate per hour 
of 0.023 (In 2/30). 

Fig. 3 shows the data of Fig. 1 and 2 
combined, and the regression curves are nor- 
malized for their exponential part, drawn free- 
hand to best fit the individual values. The 
discrepancy between the measurements is 
obvious. 

Discussion. The data presented here agree 
with previous reports that measurements on 
DNA renewal in a heterogeneous cell popu- 
lation yield exponential regression curves 
after a plateau of about 24 hours(7,17). But 
it is clear also that the measurements are 

2.5% except: day 5 = 8,570; day 6 =-9.O%; 

influenced by the type of labeled precursor 
used. 

Ttzymidinea as tracer of D N A  renewal. The 
parallel regression of the DNA specific activi- 
ties, after labeling with C14-thymidine and 
H3-thymidine, indicates that both isotopes are 
equivalent and comparable tracers of the 
DNA and its catabolites in the reutilization 
pathway. Since the metabolic stability of 
tritium on thymidine is not questioned, except 
in the course of thymidine degradation, the 
constant isotope ratio in the reutilization 
pathway should indicate that the enzymatic 
reactions participating in DNA catabolism 
and synthesis do not discriminate against 
thymidine labeled with tritium. Thus a re- 
tarded reaction at  one step may be compen- 
sated by an accelerated reaction at another, 
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FIG. 3 .  Normalization of the exponential part of 

the regression curves in Fig. 1 and 2 ,  extrapolated to 
day 0. The regression coefficient (lambda = 0.693/half 
time) is O.OlS/hour for Hq and C“;  0.023/hour 
for S3’. 

which seems unlikely. Tritium isotope effects, 
nevertheless, have been reported in the phos- 
phorylation of H3-thymidine in vitro( 18). 
The lack of observation of a tritium isotope 
effect in the reutilization pathway agrees with 
the equal efficiency of incorporation in vivo 
of thymidine labeled with H3 and with C 
(14,19). 

The specificity of thymidine as a precursor 
for DNA in mammalian cells needs no further 
comment here although a probable reutiliza- 
tion of its catabolites in other chemical frac- 
tions than DNA, perhaps proteins, has been 
indicated (20). The similarities of the regres- 
sioln curves for 3H and indicate that 
reutilization other than in DNA, which should 
be quite different for the 2 isotopes, is not 
impor tan t . 

Thymidine is catabolized mainly and rap- 
idly in the liver(21). Studies on thymidine 
catabolism by liver homogenates showed a 
labilization of tritium from the thymine ring 
to extend greatly the amount expected solely 
from thymidine degradation ( 2 2 ) , and in 
double labeling experiments H3 was lost to 

a greater extent than C14. The fact that the 
regression curves for 3H and 14C in the 
present experiments in the intact animal are 
identical indicates that the thymidine from 
DNA breakdown which is reutilized in the 
bone marrow is not subject to such attack 
by the liver, or, if thymidine is further 
degraded, it is decomposed totally without 
salvage. 

Assessing the rate of regression of the DNA 
specific activity after injection of labeled 
thymidine, it must be considered whether a 
continuous and delayed incorporation of 
labeled thymidine from some form of a 
storage pool1 occurred. 

Bone marrow cells incorporate thymidine 
into the acid soluble fraction during the 
phase of DNA synthesis (23) , which indicates 
that the c c p ~ ~ l ’ 7  renews apparently only dur- 
ing this period. However, storage of thymi- 
dine in the acid soluble pool may occur be- 
tween 2 periods of DNA synthesis, as has 
been observed in Tetraliymena p-yiformis (24) 
and as was indicative in L-cells in culture 
( 2  5 ) . Nevertheless storage must be infini- 
tesimal. For all mammalian cells studied thus 
far, the amount of thymidine, or its nucleo- 
tides, in the acid soluble fraction is very 
small (1) .  Thus in the total mouse the entire 
“p0017’ was found to be “flooded” by as little 
as 0.05 pM of thymidine, i.e., 12 pg(13). 
Moreover, the amount of acid soluble tracer 
in the total marrow cell population, later than 
one hour after injection of H3-thymidine, was 
less than 5 %  of the tracer bound to DNA. 
Free circulating thymidine must pass through 
the liver where it is catabolized rapidly ( 2  1). 

The small amount of thymidine in the 
acid soluble fraction, its rapid renewal dur- 
ing DNA synthesis, and its rapid breakdown 
when passing through the liver justifies the 
conclusion that a delayed thymidine supply 
from a storage pool for DNA synthesis over 
periods of several days cannot assume pro- 
portions to explain the slower regression of 
DNA specific activity. 

IDU as tracw of DIVA renewal. IDU is 
metabolically comparable to thymidine in 
that it is incorporated into DNA( 11-13). The 
specificity of IDU as DNA precursor is indi- 
cated by the fact that neither in the intestine 
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nor in the liver (13) nor in the total mouse 
(9) , after excretion of initial IDU catabolites, 
could radioactive iodine be found elsewhere 
than in DNA. Non-specific binding of iodine 
soon after IDU injection into mice has, how- 
ever, been observed in the liver(26), which 
might be expected, since the liver is the main 
site of IDU catabolism( 13). Moreover, thy- 
midine readily competed for IDU and as little 
as 0.05 pM of thymidine (12 pg) injected 
simultaneously with IDU depressed uptake 
of the latter into DNA by about 50% at 
3 minutes. Ten pM of thymidine (2.4 mg) 
per mouse totally blocked IDU incorporation. 

Also by autoradiographic evaluation of 
bone marrow cells in rats(27), or of sarcoma 
cells(28) or in lens epithelium(29), IDU was 
observed to be incorporated only into those 
cells known to be able to synthesize DNA, 
a finding which is complementary to the 
parallel behavior of the regression of P1 
measured from the total bones and from the 
acid insoluble fraction of the cells separated 
(Fig. 2). 

The specificity of IDU as a DNA precursor 
may be partially due to rapid catabolism of 
IDU not incorporated. While the incorpora- 
tion, similar to thymidine (30) , proceeded in 
the mouse with a half time of 5 minutes, the 
rate of breakdown showed a half time of 
3 minutes. The main site of IDU catabolism, 
again analogous to thymidine ( 2 1 ) , appeared 
to be the liver, where more than of the 
IDU injected into the portal vein was broken 
down with conversion of 95 "/o to iodine ( 13).  
Indeed, the kinetics of IDU degradation in 
the mouse could be explained on the basis of 
the liver's being the sole site of catabolism. 

The efficiency of IDU incorporation into 
DNA was found to be lower than that of 
thymidine(35). In the total mouse, 5-10% 
of the IDU injected once was retained(l3); 
however, 40-50p of thymidine is utilized in 
the rat( 20). Similar data have been reported 
from work in humans( 30). 

The lower efficiency of IDU incorporation 
into DNA was partly explained by a preferen- 
tial degradation of IDU compared with thy- 
midine(l3). Indeed, IDU was observed to 
be split by phosphorylase more rapidly than 
thymidine (3 1).  But the preferential catabo- 

lism of IDU is probably not the only basic 
explanation for the less efficient incorporation 
of IDU into DNA. Thus a differential perme- 
ability of the cell membrane for thymidine 
and IDU must be considered, although nucle- 
osides are generally known to pass the cell 
membrane rapidly. Further, the discriminat- 
ing effect may be found in the course of 
phosphorylation and polymerization into 
DNA. This may be inferred from experi- 
ments in vitro, which showed the phospho- 
kinase reaction at  elevated substrate concen- 
tration to be retarded even when tritium was 
the isotopic marker of thymidine ( 18). There- 
fore this reaction may likewise be slower with 
IDU. 

While the stability of iodine on smaller 
nucleotide chains is not yet assured, the sta- 
bility of iodine on DNA is obvious from the 
fact that after parallel labeling with I131-DU 
and with H3-Tdr the isotopic ratio remains 
constant until labeled cells reach greatest ma- 
turity and begin to die(2), or until they are 
purposely killed (9).  Furthermore, no loss of 
iodine from DNA labeled with I131-DU was 
seen in rapidly proliferating cells in culture 
over a period of 3 days( 14) , and in non-pro- 
liferating "resting" cells in the mouse (9) , 
where the DNA label declined over a period 
of more than 100 days by less than 10% 
only. Also in autoradiograms of bone marrow 
cells labeled with I1"-DU there was no indi- 
cation of loss of tracer from labeled cells, for 
example, during division and subsequent ma- 
turation of myelocytes to segmented neutro- 
philes, or during maturation of megacaryocytes 

The question must be asked whether per- 
haps toxic effects from IDU could be held re- 
sponsible for increasing the rate of decline of 
DNA-Il3I over that of DNA-H3. Holwever, 
the trace amount of 1131 immediately retained 
in the DNA in the experiments presented 
here would lead to a dose accumulation in the 
order of 1-2 rads. Radiation effects may not 
be expected at  this low dose level. In experi- 
ments with P - D U ,  where for autoradio- 
graphic evaluation 308 pc were injected per 
rat and where a dose of less than 6 rads was 
calculated to accumulate over a period of 3 
days, the mitotic index did not alter at  1 

( 2 7 ) .  
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hour, 1 day, and 3 days after injection(27). 
Hence a lasting disturbance of cell prolifer- 
ation was not manifest. 

It may therefore be concluded that labeled 
IDU is a valid and specific tracer for meas- 
uring DNA catabolism, which is, on account 
of its molecular structure, less efficiently or 
not at  all reutilized in comparison with thy- 
midine. The regression of the DNA specific 
activity after labeling with I131-DU, as shown 
in Fig. 2 and 3, in all likelihood represents 
therefore the measurement of DNA turnover 
uncomplicated by reutilization of the tracer. 

Other data(2,9) on changes in specific ac- 
tivities of DNA after labeling with I131-DU 
and with H3-thymidine can be explained like- 
wise. Thus the ratio of the specific activities 
with both isotopes remained constant until 
labeled cells began to die. For example, a t  a 
time when mature intestinal cells are known 
to desquamate into the bowel lumen, the 1131 

declined more rapidly than H3 (2), and irradi- 
ation of the animals at a dose causing cell 
death led to a greater retention of H3 than of 
S31 (9).  

Magnitude of the physiological thymidine 
reutilization. Degradation ‘of DNA involves 
first the action of nucleases which split the 
molecule to mono- and poly-nucleotides. The 
poly-nucleotides are presumably in turn also 
degraded to mono-nucleotides, although alter- 
nate pathways cannot be excluded. Mono- 
nucleotides may then be used for new DNA 
synthesis by conversion to the nucleoside tri- 
phosphates or further degraded to nucleo- 
sides. Since the phagocytic cells which are 
probably responsible for the catabolism of 
DNA in general are a mature form not in- 
volved in DNA synthesis, it appears prob- 
able that most catabolic products must leave 
the cell where they are formed to be used 
elsewhere. Nucleotides do not readily pass 
through cell walls, and therefore it would ap- 
pear that most reutilization occurs largely at  
the nucleoside level. In  essence, this explains 
the role of nucleosides in the “salvage path- 
way.” (Perhaps the reader should be re- 
minded that de  novo synthesis of nucleotides 
does not involve nucleosides as intermedi- 
ates.) 

Thymidine, when injected in tracer doses 

so as not to affect the pool size, has been 
shown to be utilized to the extent of 50% in 
DNA synthesis ( 2 ~ 3 0 ) .  Therefore obviously 
thymidine entering the circulation by catabo- 
lism must be equally utilized. The overall 
efficiency of reutilization of the thymine 
moiety in DNA might be expected to approxi- 
mate this value depending on how exclusive 
is the utilization pathway as outlined above. 
Loss of thymidine due to further catabolism 
in the phagocytic cell before entry into the 
circulation would of course decrease the effi- 
ciency of reutilization ; whereas reutilization 
of thymidine, or its nucleotide, by the phago- 
cytic cell itself or by adjacent cells in the 
parenchyma would increase the efficiency of 
utilization. 

The present data do not distinguish be- 
tween the various possible intracellular routes 
of thymidine in reutilization, but they essen- 
tially substantiate the above interpretation. 
The difference in the regression curves for 3H 
and for lS1I is 0.0108 per hour o’r 35% of the 
rate of loss of 1311 activity, Assuming a uni- 
form specific activity of the DNA in the total 
marrow cell population at  any one time and 
assuming that the erythrocytic precurso8r cells 
by enucleation exclusively provided the thy- 
midine for reutilization, one immediately ar- 
rives a t  a reutilization of approximately 30- 
40% relative to IDU. If IDU itself is re- 
utilized to the extent of 5% then the per cent 
reutilization of thymidine will be proportion- 
ately increased. 

The serious criticism of this quantitative 
interpretation may be the fact that the label 
was administered as a single pulse so that 
only cells making DNA at a given time were 
labeled. However, in rapidly dividing tissues 
such as marrow and intestinal epithelium, a 
majority of the proliferating cells,. are always 
making DNA. As they mature these labeled 
cohorts of cells undergo considerable strag- 
gling(32) so that after 1 day, or approxi- 
mately 2 cell generations, nearly complete 
randomness of distribution of labeled cells 
within the various phases of the cell cycle 
finally results (33). Consequently, later than 
1 day labeled cells arrive at  the most mature 
stage of development together with those not 
labeled. This alsy explains why loss of activ- 
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ity is essentially exponential instead of step- 
wise as should otherwise be expected. 

If the figure of 3 5 4 %  reutilization is ac- 
cepted, then one can further conclude that no 
special mechanisms for reu tilization need be 
involved in addition to the “salvage path- 
way” as outlined above. Of course this does 
not mean that they do not exist, but that 
they are probably quantitatively unimpor- 
tan t. 

Since IDU as reference tracer for the re- 
utilization pathway is discriminated against, 
in coniparison with thymidine, most likely as 
nucleoside or as mono-nucleotide, nucleotide 
chains as intermediates in reutilization may 
escape recognition. Thus one should assume 
that the transfer of larger DNA units be- 
tween cells-if i t  occurs in the mammal, as it 
is known from microorganisms in the course 
of genetic transformation (34)-is not ob- 
served in the present experiments. For clari- 
fying this situation it is necessary to examine 
whether the mechanism of exchange of DNA 
units capable of inducing genetic transforma- 
tion is altered by the presence of IDU in 
place of thymidine, and whether iodine re- 
mains attached to free nucleotide chains in a 
manner it is in native DNA. 

Summary. The measurement of DNA turn- 
over in bone marrow of the rat  is influenced 
by the type of labeled precursor chosen as 
tracer. After a single injection of H:$-thymi- 
dine (0.1 pC/g body weight, spec. act. 1.9 
C/mM) or of Cl4-thymidine (0.01 pC/g 
body weight, spec. act. 38 mC/mM), the 
specific activity of DNA declined from day 1 
to day 9 in a simple exponential manner with 
a half time of approximately 2 days (46 
hours). However, after injection of 5 - P -  
deoxyuridine (0.18 pC/g body weight, spec. 
act. higher than 30 C/mM), the respective 
half time was approximately 1.2-1.3 days (30 
hours). The difference in rates of regression 
of DNA specific activity was discussed and 
attributed to reutilization of thymidine and 
to minimal or absent reutilization of 5-iodo- 
deoxyuridine. The parallel regression of C14- 

and of H3-labeled DNA after single injection 
of respectively labeled precursor indicates 
that kinetic isotope effects do not interfere 
with the measurement of the reutilization 

pathway. The magnitude of the reutilization 
pathway is estimated to involve 35-4070 of 
the thymidine which is released from DNA 
by catabolism. The data presented here con- 
firm thymidine to be a major contributor to 
the reutilization pathway. No estimates can 
be made with regard to the additional pos- 
sible participation of nucleotide chains in the 
intercellular transfer of DNA catabolites. 
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Human Adenoviruses: Tumor Production in Hamsters by Types 12 
And 18 Grown from Single Plaques.* (31160) 

ROBERT M.  MCALLISTER, CLYDE R. GOODHEART, t VIRGINIA QUESADA MIRABAL 
AND ROBERT J. HUEBNER 

Departments of Pediutrics and Pathology, School of Medicine of the University of Southern 
California, Childrens Hospital of Los Angeles, Calif. and the Laboratory of Znfectious Diseases, 

National Institutes of Health, Bethesda, M d .  

Human adenoviruses reported to date to 
cause tumolrs in hamsters( 1-5)  were from un- 
cloned virus seedstocks. Thus, i t  is possible 
that the tumors resulted from agents in the 
stocks other than the adenovirus or that the 
tumors resulted from the combined action of 
the adenovirus and a second agent. Two sets 
of observatiolns support these possibilities. 
First, small virus-like particles have been de- 
tected by electron microscopy in stocks of 
human adenovirus types 2, 5, 7 and 12(6) 
and of simian adenovirus type 15 ( 7 ) .  Second, 
Huebner et aZ(8) reported the induction by 
adenovirus type 7 of tumors in hamsters hav- 
ing the antigenic characteristics of SV40 vi- 
rus. With this exception, however, only 
adenovirus-specific antigens have been de- 

* This investigation was supported by USPHS 
Research Grant CA-044865 from Nat. Cancer Instt. 
and Research Granlt E-196 from Alm. Cancer SOC. 

t Prevent Address: Inst. for Biomedical Research, 
Education and Research Foundation, Am. Med. Assn., 
Chicago, Ill. 

tected in the adenovirus-induced virus-free 
tumors8(2,3,5), a finding that suggests the tu- 
mors were induced by adenoviruses acting 
alone. In addition, Trentin et aZ( 1) found 
that only human sera which neutralized the 
cytopathic effects in tissue culture of adeno- 
virus type 1 2  also neutralized the tumor-in- 
ducing capacity of the virus. 

In this study we sought further evidence 
on the point of whether or not adenoviruses 
acting alone caused tumors by inoculating 
hamsters with adenoviruses prepared from 
single plaques of types 12 and 18. The h m -  
sters which developed tumors also developed 
complement-fixing serum antiboldies tot both 
adenovirus tumor antigens(3) and the cell 
associated T antigens or neoantigens (9-  1 1 ) . 
The induced tumors contained antigens that 
reacted in the complement fixation test with 
specific reference antisera from hamsters 
bearing either type 12-  or type 18-induced 
tumors. In  carrying out 'these studies, we 
found that plaque methods described for cer- 


