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INTRODUCTION 

Transplanted tumors have been widely used in cancer research 

for half a century. There is some evidence, however, that 

transplanted tumors differ in certain respects from tumors 

which occur spontaneously. This is particularily evident 

in chemotherapy screening trials which have revealed spontaneous 

tumors to be quite unresponsive to numerous agents which 

inhibit the growth of transplanted tumors. 

An investigation was therefore undertaken of some 

biochemical properties of spontaneous mammary tumors in an 

inbred strain of mice, and the transplanted tumors derived 

from these. Tumors were analyzed for several constituents, 

and the relative rates of incorporation of several 

radioactive compounds were determined. Some factors influencing 

the latent period, growth rates and response to cortisone 

therapy of these tumors were observed. 
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HISTORICAL REVIEW 

Experimental cancer research received its first great stimulus 

with the discovery by Jensen and others at the beginning of this 

century of tumors propagable b7 transplantation into large numbers 

of experimental animaJ.s (Greenstein, 1954). Since then transplanted 

tumors have been the subject of DlaDY investigations on the nature 

of cancer, and the j-g,stirication for this has long been accepted 

by most oncologists (Dunn, 1945). 

The morphology of transplanted tumors in rodents has been 

reviewed by Dunn (1945) and that of mouse mammary tumors in 

particular by Foulds (1956). While identification of a m.alignant 

tumor is generally not difficult, it has not been possible to 

correlate positively the morphological details with the biological 

behavior of tumors. Some tumors may undergo varied changes in 

structure and function upon serial transplantation while others 

remain unchanged throughout many transplant generations (Dunn, 1945; 

Foulds, 1956). FoUlds has applied the term "m.odulationIt to temporary, 

reversible modifications and "progression" to permanent alterations. 

"Progression" is considered to involve a limitation of the capacity 

for -m.odulation", and to proceed under the influence of both 

genetic and extrinsic factors. Though tumors do not converge 

morphologically to a common end-point, they tend to attain a 

greater degree of stability with repeated transplantation. 

Algire and Chalkley (1945) have studied the vasculari zation of 

spontaneous and transplanted tumors b y use of a diffusion chamber 
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within which the tumors were enclosed available to observation. 

It was concluded that the vascular system of' spontaneous tumors is 

less regular and quantitatively less ef'f'icient than that of 

transplanted tumors. Increased vascularity is suggested as one 

reason for the more rapid growth of most transplanted tumors. 

The persistent ability to evoke formation of a vascular system is 

suggested to be an important condition ror the continued growth 

of tumors. 

Functionally, tumors upon transplantation tend to achieve 

greater stability and frequently acquire altered properties af'ter 

a number of transplant generations (Dunn, 1945; Greenstein, 1954). 

Changes may occur suddeDly in the growth rate (MacDowell, 1946) 

usually in the direction o.f' increased growth, but not invariably 

(Hauschka, 1957). 

The ability of' tumors to grow in animals of the same species 

has been shol-m by Snell (1956) to depend upon genetic factors, the 

histoeompatabUity genes, 1Jhich determine the compatabUityof 

normal tissues as well. Transplanted tumors have been invaluable in 

elucidating these phenomena. Changes may occur abruptly in the range 

of host susceptibility, so far alw81s in the direction of increased 

transplantability. Some tumors acquire the ability to grow 

progressively in nearly all animals of the species concerned despite' 

ineompatabUities, due ma~nJy to increased growth rate • 

.l modification of the tumor by its host has been reported by 

Barrett and Deringer (1950). Growth in a hybrid host modified a tumor 

so that it woUld grow progressively in a greater number of 

previously resistant backcross mice. 
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Hartinez, Auat, Bittner and Good (1957) reported immunity 

induced in inbred mice against a. mammary tumor of the same strain. 

However, the tumor had a long history of transplantation. Hirsch, 

Bittner, Cole end Iversen (1958) examined the possibility of immunity 

arising in early transplant generations of a tumor indigenous to an 

inbred strain, and in fact found a slight degree of immunity 

demonstrable. It vas concluded that immune responses can exist between 

tumors of recent origin and their inbred hosts, but the relativa 

effectiveness is very weak. There is no evidence as to the nature of 

this immunity and conceivably factors other than isoantigens could 

be involved (Andervont, 1957). 

Sanf'ord, Merwin, lbbbs, Fioramonti and Earle (1958) have reported 

a difference in sarcoma-producing capacity of two lines of mouse cells 

derived in vitro from a single cell•. Although both lines were found to 

initiate immunity- in their hosts, the high-tumor line ws able to grow 

because it had acquired a capacity for rapid proliferation !n nD and 

became established before an immune reaction could develop sufficiently 

to inhibit it. 

The genetics of tumor cell populations has been reviewed by 

Hauscbka (1957). Tumors have been shown to be composed of a 

heterogeneous population of cells \lith diverse potentialities. 

Isolation of single cells from a tumor may give rise to "clones" with 

different properties, as described above. Selection of certain cell 

types may occur during transplantation, or may be achieved by treatment 

of tumors with various agents, such as radiation and drugs. 

The development of resistance in a tumor to a therapeutic agent 

has been investigated by Law (1956). It was concluded that such 
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resistance results trom a selection of mutant cell types in 

accordance with classical genetic concepts. 

Cytological changes during transplantation have occurred in some 

tumor lines (Hauscbka, 1957), and some correlation between the 

complement of chromosomes and biological behavior has been observed. 

Diploid tumors have all been strain-specific; heteroploidy has been 

associated with ability to grow in hosts with different Isoantigenic 

constitution. On the other hand, new isoantigens have been found 

in some tumors. 

Browning (1948); Martinez, Miroff and Bittner (1955) and 

nein (1947) reported that grafts made from primary tumors which 

were small grew more slowly and with a longer latent period than 

grarts from large tumors. This could be intert reted as evidence that 

larger tumors become populated wi.th more virulent cell types. 

However, Zahl and Drasher (1947) showed that the transplantable 

mouse sarcoma 180 contains a much higher proportion of viable cells 

in the first five dqs after grafting than when the tumors have 

grow to a size of a centimeter or so in diameter. Thus larger tumors 

would be expected to contain a smaller proportion ot viable cells. 

Browning (1948) did not find the size of tumors to have any infiuence 

on the latent period where the donor was a transplanted tumor. 

Martinez ~ 11. (1955) did hovever find this effect in the case of an 

established transplanted tumor. Grafts made from larger tumors had a 

shorter latent period, grev more rapidly and killed their hosts at an 

earlier time than those made from small donors of the same tumor line. 

It was suggested that the autonomy of a tumor might be conditioned 

anew in each host, and the influence ot the host upon the tumor is 
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re1ativel,- greater when the tumor is small. 

Furth (1953) has discussed those tumors which grow 

progressively and are ultimately lethal, but which are responsive to 

hormonal stimuli. Change of such "dependent" tumors to unresponsive, 

"autonomous" tumors occurs, usually after a tew transplant 

generations. 

Biochemical investigations or tumors have been reviewed by 

Greenstein (1954, 1956) who has made several generalizations. 

While each normal tissue is characterized 'by an enzyme pattern which 

distinguishes it from other tissues, tumors tend in their enzyme 

complement to a common tissue type. This pattern is independent of 

the etiology and histogenesis of the tumor, of the strain of the host, 

and of the age and growth rate of the tumor. No alteration common and 

speci.fic to all tumors has been found, although the high aerobic 

glycolysis of tumors approaches this (Weinhouse, 1956). Detailed 

studies of individual reactions have shown that tumors possess 

basically similar metabolic pathllays to normal tissues, but appear to 

function at full capacity'W'ithout the enzyme reserve that is found in 

normal tissues. Enzyme activities in tumors are 'W'ithin the ranges found 

in various normal tissues although some, especially of the oxidases, 

are usually lower. 

The importance of the nucleic acids in cellular function has been 

documented by many workers (Leslie, 1956; Brachet, 1956; Hotchkiss, 1956) 

and their importance in tumor metabolism has also been stf'essed by 

Heidelberger (1953) and by Skipper (1955). To Deoxyribonucleic acid (DNA) 

has been attributed the role of carrier of genetic potentialities, and 

quantitative changes in DNA content are usually associated with 
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nuclear division, although this mq not be universalljr true, especially 

in tumors (Atkin and Richards, 1956; Stich, Florian and Emson, 1958). 

A. high content of Ribonucleic acid (RNA) is associated with high 

cellular activity generally, and with active synthesis of protein in 

particular. The association of BJiA and protein synthesis is based upon 

considerable experilD.ental evidence (Brachet, 1957). 

Tumors as a class have been shown to contain a rather high level 

of both nucleic acids with an increase particularlt" in nuclear RNA. 

The similarity of diverse tumors in the intracellular distribution 

of both protein and DA is striking (Greenstein, 1956). Various 

reports on nucleic acid content in tumors have appeared but few 

correlations with biological properties were attempted. Ledoux and 

Revell (1955) found that a drop in :RNA in the Landschutz ascites 

tumor vas accompanied by a decrease in growth rate. Injection of 

ribonuclease into mice was shown to lower RNA, and also inhibit the 

growth of some solid and ascites tumors. 

The incorporation of isotopicaJ.ly labelled precursors into 

nucleic acids of normal and malignant tissues has led to a voluminous 

literature (Brown and Roll, 1956). A major stimulus in this field has 

been the clinical use , with some measure of success, in the treatment 

of tumors by substances interfering with nucleic acid m.etabolism 

(Skipper, 1955). The use of labelled precursors has turnished much 

knowledge of the metabolism of nucleic acids. The relat!ve rates of 

incorporation have been taken as indicative of m.etabolic activity. 

It has become evident that there exists heterogeneity within the 

components designated as RNA and DNA Also there exist various
• 

alternate metabolic pathways leading to the synthesis of these, 
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the utilization of which might Va:I.7 under different circumstances 

(Smellie, 1956). 

In general, small molecular precursors such as formate and 

glycine are incorpora.ted extensively into both RNA and DNA even in 

tissues where cell division cannot be demonstrated. (Brow and Roll, 

1956). By contrast, where preformed purines are utilized their 

incorporation into DNA is found to parallel the rate of nuclear 

division, and the retention of labelled substances in the DNA 

so formed is taken as indicating the relative stabil!tY' of DNA 

in the absence of cell division (Brow and Roll, 1956; Hecht and 

Potter, 1956). 

Numerous studies on the effects of antimetabolites upon nucleic 

acid metabolism have been reported but correlation between the 

biochemical and biological ef'fects was not always demonstrated. 

For example, Greenlees and I.e'age (1956) found that azaserine 

produced inhibition of de novo sJ"nthesis of purines in four tumors 

!a vitro, but a therapeutic effect laS evident in only two of the 

tumors. 

Comparative studies on spontaneous and transplanted tumors are 

not numerous. Greenstein (1954) reported that an osteoblastic sarcoma 

which underwent marked changes in biological properties during 

transplantation exhibited a concomitant change in the levels of acid 

and alkaline phosphatase activitY'. This change however might have been 

associated more with osteogenic activitY' than vith e:ny change in the 

malignant nature of the tumor. 

Greenlees and LePage (1955) examined several tumors in fed and 

fasted mice for growth and retention of radioactive glycine. Previous 
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work (Mider, 1953; LePage, Potter, Busch, Heidelberger and Hurlbert, 1953) 

had suggested that tumors act as a ·nitrogen trap", able to accumulate 

essential cell constituents despite loss of these from the tissues of 

the fasted host. It was found howver, by Greenlees and LePage (1955) 

that a mammary tumor of mice did not show this behavior until after 

the firth transplant generation, and it was concluded that tttmOrs 

act as a "nitrogen traplt only when a sufficient degree of autonomy 

has been attained, as by continued transplantation. 

Greenstein (1954) examined primary hepatomas in rats and mice and 

compared these with transplants derived from them. Pri.m.a.l:y tumors 

showed some resemblances to benign tumors or to tissue of origin as 

well as some differences, and the early transplant generations orten 

changed further. For example, the activit,. of the enzyme cysteine 

desulfurase decreased with successive transplantation of a pri.m.a.l:y 

hepatoma in mice, while the activity of alkaline phosphatase increased. 

Both enzymes were low or absent in hepatomas beyond the twelfth 

transplant generation. Long established transplantable hepatomas were 

indistinguishable chemically from each other or·rrom other tumors 

such as carcinomas and sarcomas, by their enzyme pattern. These 

findings have been interpereted as indicating that tumors appear to 

converge to a common type of metabolism. The primary tumor and earljr 

transplant generations may retain some of the specialized functions of 

the tissue of origin, which mq be lost as the tumor undergoes 

suecessive transplantation. Greenstein (1954) suggested that detailed 

study of the enzyme changes in spontaneous and induced hepatomal: 

might be of value in elucidating the changes involved in the stages of 

development of tumors toward increased malignancy. A similar opinion 

was expressed by Andervont (1952). However an obstacle to such studies 
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is the difficulty encountered in transplanting hepatomas. 

Andervont (1952) found that only about half of 81 spontaneous 

and induced hepatomas were propagable upon transplantation into 

mice of the same inbred strain. Some tumors could be serially 

transplanted for a few generations ohIy. Very long latent periods 

up to one year were observed. This was suggested as evidence of 

the influence of non-genetic factors affecting tumor growth. In 

the absence of histological changes it was suggested that 

biochemical studies might be more revealing. 

Another problem is that of obtaining tumors for which a truly 

comparable norIlll4 counterpart is available. Even hepatomas are not 

comparable in cell type to normal liver (iUlard, 1955). Tumors of 

essentially the same cell type but with differing biological 

behavior, for example mannnary tumors which are readily 

transplantable into inbred mice might provide a better basis for 

comparison. 

Variation in the biological and biochemical. properties of 

tumors has been the subject of a symposium (Cancer Res" 1956). 

Greenstein pointed out that whereas tumors tend to be similar 

chemically they may differ greatly in biological behavior and 

little correlation of biological and biochemical properties has 

been achieved. Potter (1956) stated that many generalizations 

about cancer fail to apply to some spontaneous tumors in humans. 

Skipper (1956) stated that his preference for using transplanted 

tumors rather than spontaneous tumors in experimental work was 

based upon greater uniformity and reproducibility of the former. 

A similar. reason is given by Stock (1957) for the use of 

transplanted tumors in chemotherapy screening trials. 
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The ready availability of large numbers of tumors with more 

or less uniform behavior is an obvious advantage favoring the use 

of transplanted tumors. The heterogeneity of cell population and 

multiplicity of potential properties of tumors have been stressed 

by Foulds (1956) and Hauschka (1957). The transplanted tumor 

represents to a considerable extent a selected population which, 

however, may still be capable of diverse development. Greater 

diversity is to be expected the earlier the transplantation 

history of a tumor. 

Scholler, Philips and Bittner (1955) found that recently 

derived transplanted tumors in mice responded to a number of 

chemotherapeutic agents in the same manner as long-estab1ished 

transplanted tumors. Ho"Wever, when spontaneous mammary tumors were 

compared with the first and second generation transplants derived 

from them (Scholler, Philips, Sternberg and Bittner, 1956) it was 

found that whereas the transplanted tumors responded well to 

therapy with a variety of agents, little inhibition of growth of 

spontaneous tumors was observed. Further work confirmed tIllS 

(Scholler et al.(1957) and it was suggested that since this occurred 

with a variety of strains of mice the difference was probably of 

general significance. The possibility of an immune reaction acting 

synergistically against transplants was dismissed as most unlikely. 

It was proposed that differences in growth rates between spontaneous 

and transplanted tumors was probably a major factor. Scholler et al. 

(1956) could find no correlation between the response of these 

tumors to treatment and their histological appearance. 
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It appeared that a biochemical approach to the problem of 

differences between spontaneous and transplanted tumors might be 

fruitful. By choosing mamraary tumors which are easily transplantable 

in an inbred strain of mice it was felt that the biochemical data and 

the biological behavior of the tumors could be compared properly. 

The most difficult choice was that of the biochemical parameters to 

be measured. In view of the important role attributed to the nucleic 

acids in cell function, and the lack of: published data on such 

comparativa studies on tumors, this area of metabolism was chosen. 

Analysis of tumor tissue and dynamic studies with labelled precursors 

were selected for investigation. 

The levels of acid soluble purines, RNA, DNA and protein were 

determined. In the first series the incorporation of glycine-2-e14 

!.n vivo into these fractions in spontaneous tumors was follot/ed. 

The tumors were then grafted and the subsequent transplants dealt, 

with in the same wB'J". 

In .another series, differences in behavior of: tumors were produced 

by cortisone treatment, and the composition of spontaneous and 

transplanted tumors compared. The incorporation is vivo of adenine-8-c14 

into nucleic acids and nucleotides 'Was determined. A similar series 

was injected with leucine-l-cf4 and the labelling ot tumor protein 

measured. Some observations on factors innuencing latent period of 

transplants, the growth rates of tumors and their response to 

cortisone therapy were also made. 
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METHOOO 

Mice and Tumors 

Female mice of the C3H/Jax (Andervont) strain were used in all 

experiments. They were purchased from. Jackson Memorial Laboratories, 

Bar Harbor, He., and were maintained on a diet of chow .IS Iibitum 

with free access to food and water at all times. 

The C3H strain has been maintained by brother x sister mating 

since 1920 when it was originated by Little. It is a strain with a 

high incidence of spontaneous mammary tUlllOurS ( approximately 98%) 

in virgin and breeding females, a t an average age of about 10 months. 

This strain carries the mamrna.ry tumor agent (Bittner, 1956). 

Transplanted tumors were obtained by grarting young mice, 6 to 10 

weeks old, subcutaneously with tumor tissue by means of a trocar. 

Implants of pieces of tumor 1 to 2 1Illll in diameter were made into the 

axiUary region on either side. In some cases a cell suspension was 

prepared by grinding tumor tissue with 0.9% saline in a test tube with 

a loose-fitting glass pestle. Cell counts were made by diluting an 

aliquot with Wright 1 s stain and counting nuclei in a hemacytometer. 

Sterile conditions were maintained in all transplantation procedures. 

The C3HBA tumor was obtained from Jackson Laboratories where .it 

originated in 1946. This is a mammary adenocarcinoma which is specific 

for the C3H strain. 

Specimens of tumors were fixed in formalin or acetic acid-alcohol 

for histological examination. 

Tumor size was determined by measuring tumors with calipers in two 

dimensions, and applying Schrek l s (1935) formula to obtain tumor weight, 

taking the mean of the two measurements as the value for the third 

diameter. 
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Isotopes and Counting Procedure 

Radioactive isotopes were purchased from Nuclear Chicago, Inc., 

and trom Atomio Energy of Canada Ltd., ottawa, Ont. These isotopes 

were produoed by The Radiochemical Centre, Amersham, Bucks., England. 

The specific activities of the isotopes used were as follows: 

G1ycine-2-oU: 0.lmO/6.8 mg., 

Leucine-l-oU: 0.1 mC/2.46 mg., 

Adenine-8-eU: 0.1 mO/2.01 mg. 

All counting was done in a gas flow counter, Nuclear Chicago Inc. 

modelD46A with Berkeley" scalers models 2000 and 2001. Samples were 

plated onto stainless steel or aluminum planchettes 7.2 cm2 in area. 

'!'he total material on each planchette never exceeded :3 mg, and it was 

unnecesBaIj'" to correct for self'-absorption (Fig. 1). All samples were 

counted f'or a minimum. of' 5 minutes as many samples had low counts. 

Background and cl4 standard were checked frequently during counting. 

Dosage of' isotopes was in the range where incorporation into 

mouse tissues was proportional to dosage (Tables I to III). The 

optimum time for incorporation was also determined; in all eases 6 

hours appeared optimal. All experiments were carried out at 

approximately the same time of dq to avoid a:ny possible variation 

in daily" mitotic "rhyt.".• ~

In the case of' adenine-S-el4 the apparent lack of direct 

proportionality between dosage and incorporation was found to be due 

6
to variation among tumors. A dose of' 2 x 10 cpm was chosen as 

being in the range where , despite the variation, a linear relationship 

between dosage and incorporation seemed to be obtainable. 
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TABLE I 

A. Incorporation of Glycine-2-C14 into Tumor Protein 

at Various Time Intervals 

Time, hours Counts/min/mg. Protein 

3 368 

6 374 . 

12 308 

224 

Dosage: 2 x 106 epm/mouse, intraperitoneally. 

B. Incorporation of Various Doses of Glycine-2-e14 

into Tumor Protein at 6 hours 

Dosage Counts/min/mg Protein 

6
1 x 10 cpm 110 

2 x 106 cpm .320 

65 x 10 cpm 788 

Isotopes were administered intraperitoneall,. 
in 0.1 m1 of 0.9% saline. 
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TABLE II 

A. Incorporation of Leucine-l-e14 into Tumor Protein 

at Various Time Intervals 

Time, hour..§. Counts/min./mg, Protein 

3 31 

6 48 

12 27 

23 

Dosage: 675,000 epm/mouse, intraperitoneally, 

B. Incorporation of Various Doses of Leucine-l-e14 

into Tumor Protein at 6 hours 

Dosage Counts/min,/mg. Protein 

6.75 x 105 epm 48 
6

1 x 10 87 
6 

5 x 10 507 

10 x 106 909 

Isotopes were administered intraperitoneally, 
in 0,01 ml of 0.9% saline. 
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TABLE III 

A. Incorporation of Adenine-8-C14 into Combined Nucleic Acid 

Purines of' Tumor at Various Time Intervals 

° 

Time, hours Counts/min./mg. Purine 

3 120 

220 

12 125

95

Dosage: 675,000 cpm/mouse, intraperitoneallY'. 

B. Incorporation of Various Doses of Adenine-8-e14

into Tumor Nucleic Acids at 6 hours

Dosage Counts/min./mg. BNA Count§/min./mg. DNA 
Purine Purine 

1 x 10° epm 295 282 

3 x 10° cpm 2,924 2,114
6

4 x 10 cp. 4,'45 2,250 

S x 106 epm 12,922 2,888 

Isotopes were Administered intraperitoneally

in 0.1 ml ot 0.9% saline.
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In Vivo Procedure using Glycine-2-c14 

6
Mice bearing tumors were injected with 2 x 10 cpm each of 

glycine-2-e14 intraperitoneau.y, and killed 6 hours later by 

cervical dislocation. 'The tumors were removed aseptiea.lly and 

trimmed free of obvious necrotic areas. One piece was used f"or 

grafting into several. young mice. Another piece was fixed in formalin 

for microscopic examination. The remainder was used for biochemical 

studies. Glassware was immersed in cracked ice to keep tissues cool 

until the actual enraction procedure was begun. 

Approximately 100 mg. fresh weight tumor tissue was ground in a 

Ten Broeck tissue grinder with 5 ml. distilled water. A 1 ml.aliquot 

was removed for determination of protein nitrogen by the method of 

Me. and Zuazaga (1942). The method of Ogur and Rosen (1950) was used 

for the extraction of nucleotides and nucleic acids. Perchloric acid 

(PGA.) was added to a final concentration of 2% and the samples were 

centrifuged. The residue was washed with 5 ml.of cold 2% PeA and 

centrifuged and the extracts were combined to form the acid-soluble 

fraction (.ASF). The precipitate was extracted twice with 5 ml. 

portions of 95% ethanol, and the extracts were discarded. The 

precipitate was suspended in cold 10% PCA and extracted overnight, 

about 15 hours at 0 - 4 0 C. Atter centrif'ugation the supernate was 

collected, the sample was washed with 5 ml. cold 10% PeA, centrifuged, 

and the cold peA extracts combined to form the Ribonucleic acid 

fraction (RNA). The precipitate was then extracted at 90° C for 30 

minutes with 5 ml. of 10% PCA, cooled and centrifuged. The supernate 

together with washings with 5 ml. cold 10% PeA constituted the 

DeoJt1ribonucleic acid fraction (DNA). 
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The PCA extracts were made up to 10 ml. and an aliquot diluted 

with water and the absorbance at 265 • was determined in a Beckman 

DU spectrophotometer. The absorbance of dilutions of a standard DNA 

solution is shown in Fig. 2. 

The residue af'ter extraction of nucleic a.cids was washed with 

acetone and dried overnight at room temperature ina vacuum des71~cator.

The dried material was suspended in 25% ethanol by mea.ns of a Ten Broeck 

tissue grinder and portions containing I to 3 mg. were plated onto 

tared alumin:um p1anchettes, dried, weighed and counted. 

The cold alcohol extracts contained considerable counts due 

presumably to phospholipids. Further extraction: with hot alcoho1-ether 

did not remove any more counts from the residual protein, and was not 

routinely done. This is in agreement with the findings of LePage (1953). 

The nucleic acid and nucleotide fractions were made up to 10% PeA 

and heated at 900 C for 30 mins. The PeA was removed by addition ot 

30% KOH to neutrality, chilling overnight, and centrifuging the 

precipitate of potassium perchlorate. The volumes of. the samples 

were reduced by evaporation on a hot plate, and the samples vere placed 

on 5 x 12 ~ columns of Nalcite cation exchange resin (Dowex 50) 

as described by LePage (1953). The colUJDlis were washed with 2 ml of N HOI 

and the purines eluted with 4 ml of 6 N HOl. The eluate was evaporated 

to dryness and the residue dissolved in 0.5 ml of 0.1 N Hel. 

Descending paper chromatograms were run according to carter (1950), 

using isoamyl alcohol- disodium phosphate solvent. The small 

quantities of purines that could be separated had specific activities 

too low to be counted. The remaining sample was therefore made up to 

volume, an aliquot removed for determination of total. purines by 

absorbance at 252., according to Loring, Fairley, Bortner and Seagran 
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(1950), and the samples were plated onto stainless steel planchettes, 

dried and counted. 

The reproducibility of the extraction method is indicated 

in fable IV. 

TABLE IV 

Reproducibility of the ~raction Procedure 

ASF/DN~ RNA/DNA Protein/DNA 

0.272 1.13 12.1 

0.250 1.22 12.2 

0.303 1.09 11.4 

0.269 1.15 11.6 

0.255 1.10 10.9 

Each figure represents a separate determination on

a pooled sample of tumor tissue.
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Flow Sheet for Glycine-2-e14 Series 

Tissue ground in water .------..) Aliquot tor Total Nitrocen 

I 
Made 2% re PeA, centrifuged-----l

I 
Precipitate Supernate + washings are 

I f Acid Soluble Fraction. 
Washed with cold 2%PCA., centrifuged--l 

I 
Precipitate 

I 
Washed twice with 95% ethanol,---"" Extracts discarded 
centrifuged 

PreCilitate 

I 
Extracted at 0 - 4°0 for 15 hours 
in 10% peAl centrifuged 

Preci1itate Supernate + washings are 

Washed with 10% POA, centrituged--_l INA 

PreCiP~ate
I

Extiracted at 90°0 for 30 mins 
with 10% I' centrifuged -----l 

Preci:p.itate Supernate + washings are 

Washed wit{ 10% PeA, centrifuged __1 
Precip'itate

I
Washed with acetone ) Extract discarded 

BaSil dried overnight in vacuum dessieator is Protein 
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In Vivo procedure using Adenine-S-e14 

Methods were modified somewhat in this series. The acid 

soluble fraction was passed through cation exchange resin to remove 

free purines and nucleosides. The total ASF and the .ASF nucleotides 

which vere not retained on the column were analysed separately. 

The efficiency of the Ogar and Bosen method for separation of 

RNA and DNA was considered satisfactory in the initial series where 

the relative amount of tissue was small. Where larger quantities of 

tissue were used in order to analyze each tumor individually, it was 

found that the amount of RNA. extracted was somewhat variable, and 

frequently considerable mlA was carried over into the DNA fraction. 

The RNA and DNA fractions were therefore subjected to the Dische (1930) 

test for deoxyribose and the Mejbaum (1939) test for ribose, as 

described by Barnum, Nash, Jennings, Nygaard and Vermund (1950). 

The specific activities of RNA and DNA purines were then corrected 

accordingly. This was considered justifiable, as the specific 

activities of the two were similar in magnitude. The following 

procedure was followed: 

Tumor tissue was ground with a teflon grinder, approximately 

500 mg. tissue in 5 ml. water, and a 0.2 ml. aliquot removed for 

determination of tyrosine according to Folin and Ciocalteu (1929). 

Trichloracetic acid (TCA) 'Was added to a final concentration of 

2% and the samples 'Were centrifuged. The supernate was removed, the 

residue was washed with 5 ml. of 2% TCA and again centrifuged, the 

washings combined with the first extract to form the acid-soluble 

fraction. A 1 ml. aliquot was removed for the determination of 

total purine content and radioactivity. The remainder was passed 
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through Nalcite cation exchange resin (Dovex 50) and the sample 

vas washed through the column with water. This contained the 

nucleotidase AnBJ..ysis was made by ultraviolet (UV) absorbance 

after removal of TCA by boiling for 2 hours, and making up to 

volume. This was done with the sample of total acid soluble 

material and the fractionated sample. Following UV measurement, 

samples were reduced in volume by evaporation on a hot plate, 

and were plated onto stainless steel planchettes, dried and counted. 

The residue remaining after removal of acid-soluble material 

was extracted with cold 80% ethanol, then with alcohol-ether (1:1) 

at 70°0 £or ~O mins, and these extracts, containing the lipids, 

were discarded. 

The lipid-free samples were suspended in cold 10% peA and 

extracted overnight as described previously. Aliquots of the RNA 

fraction were removed for Msche (1930) and Mejbaum (1939) tests. 

The RNA fraction was then heated at 90°0 for 30 mins., cooled to 

50°0 and 0.5 ml.. of 20% silver nitrate solution added to each sample. 

The silver salts of the purines precipitated on standing overnight 

in the cold, and were collected by centrifugation, washed with cold 

0.1 N H2S04, then dissolved by boiling in 0.1 N HOI for 20 JDins. 

The samples vere m.ade up to volume and the absorbance at 252 • 

determined. The volumes were then reduced by evaporation on a hot plate 

and the samples were plated onto stainless steel planchettes. 

Arter removal of the RNA fraction, the DNA was extracted with 

10% TeA at 90°0 for 15 mins. TCA was removed by boiling for 2 hours, 

UV absorbance vas measured, and the samples were also tested bT 

the Dische and Mejbaum reactions. After reduction of volume 

the samples were plated as described above. 
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14In Vivo Procedure using Leucine-l-C

Tissues were extracted with hot PCA,with 80% ethanol and 

with hot alcohol-ether and the extracts discarded. The residue 

was suspended in 25% ethanol and portions were plated onto 

tared aluminum planchettes which were then dried, weighed and 

counted. 

An attempt was made to use both labelled adenine and leucine 

simultaneously in the same mice, but the leucine resulted in 

considerable contamination of the DNA fraction. This contamination 

was not removed by passage of the fraction through ion exc1:'...ange 

resin nor by precipitation of the purines as silver salts. The 

contaminant was possibly basic peptides which were retained on 

the resin and were precipitated by silver together with the free 

purines. The two tracers were therefore used separately on 

different series of tumors. 



-'Z7

Content of Tissue Components I Method of expressing 

i'he use of DNA content is generally considered preferable as 

a basis for expressing the concentration of other tissue components 

(Leslie, 1956). The use of wet weight was oonsidered and some data 

on this basis are given in Table V. The DNA content of spontaneous 

and transplanted tumors did not differ on a wet weight basis. 

Apparent differences in RNA and protein on a wet weight basis 

were not signifioant on larger numbers of tumors when referred 

to the DNA content. Although the DNA. oontent per cell nuoleus 

may not in faot be constant (StieR, Florian and lmlson, 1958) 

the use of DNA as a. reference was considered justified because 

determination of DNA was thOUght to be subject to less error 

than determination of wet weight. 

TABLE l' 

Comparison of 'l'umors on Basis of Wet Weight 

in Content of·BNA, DNA and Protein 

Content t mg.1 mg. l'hsh tissue 

PJ..vtein 

Spontaneous (12) 0.703 0.585 11.4 
.:!: 0.02 .:!: 0.02 ~ 0.3 

Transplanted (14) 0.842 0.626 13.1 
.:!: 0.03 Z 0.02 .:!: 0.37 
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Factors Influencing the Latent Period of Grafts 

Some observations were made on factors influencing the 

latent period of grafts from spontaneous and transplanted 

tumors. The latent period was taken as the number of days 

required for grafts to reach a mean diameter of 8 mm. 

'!'he method of grafting was found to have considerable 

influence on the length ot the latent period (Table VI). 
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TABLE VI 

Influence of the Method of Grafting upon the 

Latent Period of Graft s From Spontaneous Tumors 

l-'1ethod Number Number Days till tumors 
mice tumors reached...8mm. diam. 

Cell suspension 
106 cells/inoculum 64 16 68 ~ 2.1 * 

17 .32 .! 1.2 * 

* Difference significant: P < 0.01. 
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Grafting by trocar resulted in much earlier growth or 

the transplants. Using the trocar method, the influence ot 

the size or the donor tumor upon the latent period or the 

resulting graft was investigated. Grafts were made rrom 

spontaneous tUJlOrs into inbred mice or the same strain. 

The latent period was taken as the number or days till . 

the tumors reached a diameter or 8 mm. (Table VII). 



TABLE VII 

Inf'luence ot the Size ot the Donor Tumor om. the 

Latent Period of Grafts trom Spontaneous Tumors 

Mean tumor lumber lumber Days till 
diameter, mm. mice tumors tumors reach 

8 mm. diam. 

ItSmall lt tumors
<10 JIm diam. 7.7 10

"Large1t tumors
>.15 mIn diam. 27 7

*' P <0.01. 
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The latent period of grafts made from large prima.ry tumors 

was slgnificantly' shorter than wi.th sma.ll tumors. 

The literature contains conflicting reports on the 

influence of size where the donor tumor is an established 

transplanted tumor• It seemed important to cheek this with 

recently derived transplants in inbred mice which had 

acquired fairly rapid grovth rates. Four such tumors were 

used, and 'beginning with the .3rd transplant generation 

they were grafted as soon as a transplant reached a size 

of .3 x .3 mm. diameter• .3 to 5 recipients were used for 

each graft, and three successive generations were grafted 

from small tumors. The latent period was measured as the 

number of days required for the grafts to reach a size of 

.3 x .3 mm., as this was the size at which they were grafted 

('1'able·VIII). 
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TABLE VIII 

Latent period of Grafts from small tumor donors 

'rumor 

1 14 17 17 14 

2 16 14 17 18 

.3 12 13 18 17 

4 28 14 17 

Means: 17.5 14.5 17.2 16•.3 

Each figure represents the mean latent period for .3 to 5 mica; 
i.e. the time required for tumors to reach a diameter of 3x3 mm. 

T-2 ete.refers to the actu.a.l transplant generation of tumor, 

8-1 ete. refers to the number of generations the tumor has 
been grafted from a small (.3x3mm) donor. 

Bo significant change in the latent period was observed 

in the T-.3 to T-5 generations as compared with 1'-2. Thus, 

the size of the donor has no influ.ence on the latent period 

of the graft when the donor is a transplanted tumor. 
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In Vivo·Studies with Glycine-2-cl4 

24 spontaneous tumors and 24 first and second generation 

transplanted tumors vere anal.yzed for their content of 

acid soluble nucleotides, RNA and protein. Eight of these 

tumors were followed individually through the first two 

transplant generations. Glycine-2-c14 uptake by protein 

vas measured on each tumor individually, and other tractions 

vere pooled, and the average radioactivity determined for 

each fraction. 

Table IX shows the level ot nucleotides expressed on 

the basis of DNA content • The eight tumors followed 

separately are numbered, and the mean values for a larger 

group, the number indicated in parentheses, are shown 

'With the Standard Error of the Mean (SEM). 
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TABLE IX 

Aeid-So1uble Nucleotides in Spontaneous Tumors

and Derived Transplanted Tumors

Acid-Soluble Nucleotides, mg./mg. DNA 

S;Qontaneous T-l 

1 0.35 0.52 

2 0.42 0.45 0.12 

3 0.26 0.31 0.22 

4 0.27 0.32 0.31 

5 0.45 0.23 0.31 

6 0.09 0.30 0.32 

7 0.12 0.36 0.36 

8 0.05 0.33 0.35

.Means: 0.26 0.35 0.28

Means for 
larger group: 0.31 .: 0.19 0.30 ~ 0.09 0.30! 0.06 

(24) (14) (10) 
T-l refers to first generation transplant, 

T-2 refers to second generation transplant. 

Means ~ Standard Error of Mean (SJilvI) are sho\JIl.

Figures in parentheses indicate number of tumors in larger group.
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The variation in values from one generation to another of 

the same tumor was considerable and similar to the variation 

betwen different tumors. There vas no significant difference 

between the mean values. for Spontaneous, T-l or T-2 tumors 

when the larger groups were compared. 

The RNA/DNA ratio was determined on the same series of 

tumors (Table X). 
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TABLE X 

RIA/DNA Ratios of Spontaneous Tumors 

and Derived Transplants 

Tumor Spontaneous ~ T-2 

1 1.36 1.03 

2 1.64 1.29 1.20 

3 0.97 1.39 1.33 

4 1.09 1.38 1.29 

5 1.32 1.26 0.92 

6 1.03 1.26 0.93 

7 0.96 1.28 l.ll 

8 1.14 1.34 1.01 

Means: 1.20 1.28 1.11 

Means for 
larger groups: 1.12Z 0.06 1.23 1.23 

~ 0.09 + 0.11 
(14) (10) 

The means do not differ significantly. 

Based on absorbance at 265 mp. after separation ot 
the nucleic acids qy the method of Ogar and Rosen (1950). 

Figures in parentheses indicate number of tumors. 



.. 38 .. 

!be RNA/DNA ratios also showed considerable variation 

within each tumor line as well as among different tumors. 

There was no significant difference between the spontaneous 

tumors or the transplants when the larger group was compared. 

The latent periods of the transplants were recorded in 

every case, but no correlation between latent period and any 

biochemical properties ws ev:Ldent~

The protein content of the tumors was determined by a 

modified micro-Kjeldahl technique (Hi and Zuazaga, 1942) 

and the results expressed on the basis of DNA content (Table XI). 
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TABLE XI 

Protein/DNA ratios in Spontaneous Tumors 

and derived Transplants 

Spontaneous 

1 

2 

.3

4

5 

6 

7 

8 

Means: 

Means for 
larger group: 

19.8 

23.3 

25.3 

21.1 

17.7: 0.3 

(24) 

T-l T-2 

15.1 24.8 

14.1 2.3.8 

17.5 li.l 

17•.3 19.5 

li.1 19.1 

15.1 1.3.7 

17.6 15.6 

17.6 15.6 

1'.2 17.5 

17.2: 0.37 lS.0.:!; 0.4 

(14) (10) 

The figures in parentheses indicate number of tumors. 

The means do not differ significantly. 
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The protei~DNA ratio exhibited considerable variation, 

but no significant difference between spontaneous tumors and 

either group of transplants was 0 bserved. 

'!'hus in gross composition, no biochemical pattern is 

evident in any of the parameters measured. 

As an indication of the dynamic state of' metabolism 

of tumors the incorporation of glycine-2-el4 was determined. 

The labelling of tumor protein for the same series of tumors 

upon which the data in TablesIX to XI is based, is given 

in Table XII. 
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The labelling of protein in first and second genera.tion 

transplants was essentially the same, and was higher than in 

spontaneous tumors. There was considerable varia.tion in all 

groups, and even wi.thin a tumor line. 

The labelling of nucleic acids and nucleotides was 

determined on pooled fractions (Table XIII). 
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TABLE nI 

In Vi!2.. Incorporation of Glycine-2-el4 into Protein 

of Spontaneous Tumors and Derived Transplants 

Specific activit,z, counts/minJmg.Proteln 

Spontaneous 1.'-1 

1 199 237

2 204 173 304

3 164- 254 282

4 324 264- 228

5 187 284 245

6 175 319 204

7 86 385 206

8 116 240 188

Means: 180 269 236 

Means for 
larger group: 183 .:!: 14 26O.:!: 8 263 .:: 8 

(24) (14) (10) 

Figures in parentheses indicate number of tumors. 

Dosage: 2 x 106 cpm glyeine-2-c14 intraperitoneally,
6 hours prior to killing.

For the larger group, the difference between Spontaneous and 
either T-l or T-2 is significant, P< 0.01. 
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TABLE nIl 

In Vivo Incorporation of Glycine-2-e14 into Nucleotides 

and Nucleic Aeids of Spontaneous Tumors and 

Derived Transplants 

Fraction Speci£ic activity, counts/min./mg. Purine 

Spontaneous 

Acid soluble
nucleotides 75S 1,076 1,592

RNA 159 263 200

DNA 422 763 742

Data based on pooled fractions from 10 twaors
in each group.

Dosage: 2 :x: 106 cpm./mouse, intraperitoneally ,
6 hours prior to kUling.
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Although individual variation is not knolm, the values 

for pooled fractions indicate a tendency similar to that found 

with tumor protein, (Table XII). The first and second 

generation transplants tend to incorporate glycine at a greater 

rate than the spontaneous tumors. If the values for RNA and DNA 

were expressed as relative specific actiVities, i.e., if 

divided by the specific activity of the acid soluble nuc:leotides 

of the samples concerned, then no increase is evident. This 

suggests that an increased level of tracer is available to 

transplanted tumors, possibly because of better blood supply 

(Algire and Chalkley, 1945). 
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Growth Rates of Spontaneous and Transplanted 'rumQrs 

and Response to Cortisone Treatment 

Differences in behavior 'between spontaneous and transplanted 

tumors have been demonstrated by use of chemotherapeutic agents, 

even where first generation transplants were examined. Attention 

was therefore directed along these lines in the hope of producing 

pharmacologically, differences in behavior of tumors and then 

following the biochemical picture. Cortisone was selected as a 

chemotherapeutic agent because of its effectiveness in inhibiting 

the growth of transplanted tumors. 

Transplanted tumors were allowed to reach a size of severaJ. 

millimeters in diameter before use, in order to avoid possible 

interference with vascularization of the graft if treatment were 

begun too soon after grafting. A total of ten primar,y tumors 

were used as donors for the transplanted tumors which were used. 

The growth index, defined a.s the weight of tumors at the 

end of a ten day period divided by the weight at the beginning, 

was calculated. Therapy was carried out for a ten day period. 

Any tumor which ulcerated was discarded. Mortalities were not 

included in the calculations (Table XIV). 
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TABLE XIV 

Growth iates and Response to Cortisone Treatment 

of Spontaneous and Transplanted Tumors 

Tumors Number of tumors Growth Mortalities 
which grew >3x3mm. Index 
!!1 ],0 day period 

Spontaneous 24 / 50 * 5.49~ 0.17 

Spontaneous 
+ Cortisone 15/54 * 5.01~ 0.17 10 

Transplanted (1'-1) 42/56 ** 6.63~ 0.61 Dil 

Transplanted (1'-1) 
+ Cortisone nil9/61 ** 

Dosage: 0.6 mg. Cortisone acetate (Marek) subcutaneously

per mouse, every other dq for five doses.

Growth Index: weight of tumor at end of 10 day period
weight of tumor at beginning of period

* Difference not Significant.

** Difference significant, P <8.01
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While the transplanted tumors showed considerable inhibition 

of growth during cortisone treatment, the spontaneous tumors 

showed little. The mice bearing spontaneous twnors did not 

withstand treatment as well and mortality was about 18%. 

Three of the transplants regressed during treatment, but these 

and all others which were observed resumed growth when. 

treatment vas stopped. 

A larger proportion of transplanted tumors grew to the 

extent that their mean diameter increased by .3 mm. The number 

of tumors which grew in excess of this amount was as follows: 

Spontaneous tumors: 13/ 50 grew > 3 mm.., an average of 

3.7 mm..in excess; 

'transplanted tumors: 26/ 61 grew > .3 mm., an average of 

3.7 mm. in excess. 

The difference in response of spontaneous and transplanted tumors 

to cortisone confirmed the findings of Scholler ~.Il. (1956). These 

authors had suggested that differences in growth rate might be the 

reason for this, but the data of Table XIV does not support this. 

Although more of the transplanted tumors grew at least .3 mUl. in diameter 

the growth indices of those spontaneou.s tumors which grew this amount 

did not differ significantly from the growth indices of the 

transplants. A tumor in its fourth transplant generation which was 

growing more slowly than most spontaneous tumors was therefore 

treated with cortisone. Also a group of older mice of the same age 

as those bearing spontaneous tumours (10 months or more) were 

grafted, and the su.bsequent tumors were treated with cortisone (Table XV). 
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TABLE 13 

Response to Cortisone of Slow-growing Transplanted Tumors 

and of Transplanted Tumors in Old Mice 

Number tumors which ,rew Growth Index 
> 3J.&2 mm. in 10 days Total of tumors which grew 

'1'-4, young hosts 8 / 26 * 4.00 + 0.96-
'1'-4, young hosts 

+ Cortisone 1 / 28 '* 

'f-l, old hosts 11 / 17 ** 6.52 .:t 0.9 

T-l, old hosts 19/35 ** 5.48 ! 0.2 
+ Cortisone 

* Difference significant 

** Diff'erence not significant. 

Dosage: 0.6 mg. Cortisone acetate (Merck) per mouse,
subcutaneously, every other dq for five doses.
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It is evident from Table rv that slow-growing transplants 

responded to cortisone treatment in the same manner as other 

transplants. However transplanted tumors growing in older hosts 

responded to treatment no better than did spontaneous tumors. 

The growth indices of the transplants in old mice were not 

significantly different from those of young mice. These data 

point to the difference in the age of the hosts as the major 

factor governing the response of tumors to cortisone therapy. 

The mortallty among old mice bearing transplanted tumors 

treated with cortisone was 6 out of 41, or about the same as 

that for the treated spontaneous tumor-bearing mice (Table XIV). 

The significance of these findings will be considered in 

, the Discussion. 
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14I n V• st· us~ng· .~vo ·udies Ademne-8'-0• 

In order to expand the biochemical investigations, .in vitro 

methods were attempted. Cell suspensions of 30 different tumors 
. U 

were incubated in different media containing glycine-2-C and 

adenine-8-C14, then fractionated individuaJ.ly and anaJ..yzed. 

However, no conclusions could be drawn because of the great 

variation in every group. It was felt that the source of this 

variation was a technical one, and in view of this difficulty, 

and also the evidence suggesting an influence of the host 

upon the tumor it was decided to return to .!n vivo methods. 

Adenine-8-e14 was chosen as a tracer because this compound 

has been show to be incorporated into RNA, DNA and nucleotides 

of mouse tissues with little metabolism by other pathways (Brown 

and Roll, 1956). Also, incorporation of labelled adenine into DNA 

has only been demonstrated in tissues where nuclear division was 

occurrj.ng simultaneously. Hence, differences in rates of cell 

division might be reflected in the rates of incorporation of 

adenine into tumors. 

The composition of tumors was followed during cortisone 

14treatment. THe incorporation of adenine-8-C into RNA, DNA, 

total acid soluble purines and the acid-soluble nucleotides 

was determined. Spontaneous tumors and first generation 

transplants,with and without cortisone treatment were used, 

as well as some transPlants beyond the first generation. 
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TABLE XVI 

Acid-Soluble Nucleotides in Spontaneous and 

Transplanted Tumors: Effect of Cortisone Treatment 

mg. Nucleotides/ mg. DNA 

Tumors Control Cortisone-treated 

Spontaneous 0.177 .! 0.04 (10) 0.187 ! 0.02 

T-l young 0.207 .! 0.05 (10) 0.202 ~ 0.03 

T-l old 0.163 .! 0.04 (4) 0.197 .! 0.04 

T-4 0.210 ! 0.05 (5) 

T-6 0.191 .:!: 0.04 (6) 

T-l etc. refers to number of transplant generation.

The designation "young" and "old" refers to mice.

Means .:!: SEM are shown. None of the means differ significantly.

Figures in parentheses indicate number of tumors.
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The data presented in Table XVI give the level of acid-soluble 

nucleotides obtained by passing the crude cold acid extracts ot 

tumors through Dowex 50 cation exchange resin to remove free 

purines and nucleosides. By comparison with Table IX it is seen 

that approximately one third of the UV~absorbing material has 

been removed by the resin. 

No significant differences were observed between any groups. 

The radioactivity in the crude acid soluble fraction was 

determined on an aliquot removed before passing through the 

resin, and also on the nucleotide fraction which was not 

retained on the column. These values are shown in Table XVII. 

In this and subsequent tables, the means and range of specific 

activities in each group are shown. Individual values, 

including duplicates, are given for each tumor together with 

statistical data in Appendix B. Because of the length these data 

are not included in the tables, but because of the variation 

encountered, it was felt necessary to document these completely. 

The groups treated with cortisone included in some eases 

both tumors which grew and those which did not grow during 

treatment. Since there appeared to be no differences in the 

parameters under consideration between these, values of both 

were included together. The response of each tumor to treatment 

is included in the data in Appendix B. 
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TABLE XVII 

In Vivo Incorporation of Adffuine-8-e14 into Total Acid 

Soluble Purines and Acid Soluble Nucleotides of Tumors. 

Specific activity, counts/min./mg. Purine 

3Total !SF x 10-3 AS Nucleotides x 10

Figures in parentheses indicate number of tumors. 

Spontaneous (10) * 22.8 ( 6.1 - 57.9)** 14.9 (2.3  54.4) ** 
Spontaneous 
+ Cortisone (7) 14.4 ( 4.0 -27.3) 17.9 ( 6.4 - 47.0) 

T-1 young hosts (10) 31.1 ( 9.5 - 63.0) 24.5 ( 12.6 - 57.0) 

T-l yo-qg hosts 
+ Cortisone ( 7) 19.3 ( 3.1 - 45.8) 20.5 ( li.3 - 38.0) 

T-l old hosts (4) 18.1 ( 10.8 -26.0) 21.2 ( 15.7 - 24.0) 

T-l old hosts 
+ Cortisone (5) 16.1 ( 12.3 -18.0) JL9.3 ( 15.9 -21.0) 

'1'-4 young hosts (4) 15.,3 ( 6.2 - 22.0) 18.7 ( 12.8 -31.0) 

'1'-6 young hosts (6) 11.4 ( 5.9 -17.0) 7.2 ( 3.7 - 11.7) 

*' 
Dosage: 2 x 106 cpm/ mouse intraperitoneaJ.ly 6 hours 

prior to killing. 

Individual values for each twnor tabulated in Appendix B. 

** Figures in parentheses give range of values in the group. 
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The incorporation of labelled adenine into total 

acid-soluble purines was somewhat higher in transplanted tumors 

than in spontaneous tumors, but the difference was not 

statistically significant. No significant changes were 

evident in the acid-soluble nucleotides. Cortisone treatment 

appeared to lower the labelling in the total acid-soluble 

purines ('fable XVII and Appendix B) but again the differences 

did not prove to be significant. 

The variation in value s for spontaneous and transplanted 

tumors is much greater than that in the '1'-6 tumors. 

RNA/DNA. values obtained by two methods on different series 

of tumors are sholJn in Table XVI~I.
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TABLE XVIII 

RNA/DNA Ratios in Spontaneous and Transplanted Tumors 

With and Without Cortisone Treatment 

Control Cortisone-treated 

Color * .J!L** 

Spontaneous 1.09 1.13 1.14 1.02 

T-l young hosts 1.20 1.14 1.19 

T-l old hosts 1.09 

T-4 young hosts 1.03 

T-6 young hosts 1.18 

* Color reters to colorimetric determination of RIA and DNA. 
These values are tabulated in Appendix A. 

** '[]V refers to values obtained by measurement of the 
absorbance at 265 IflIL. 

The two methods were applied to different series 
of tumors. 

None of the means are significantly different. 



- 56 

No significant difference s in the RNA/DNA ratio were 

observed between tumors exhibiting different biological 

behavior. The results of the UV method were essentially 

the same as those obtained by colorimetric methods. 

Individual values for one series, determined by colorimetric 

methods, are shown in Appendix A, together with statistical 

data. For this reason only the means for each group are 

given in Table XVIII. 

The incorporation of labelled adenine into the RNA 

of the tumors is shown in Table XIX. 
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TABLE XIX 

14In Vivo Incorporation of Adenine-8-e into

RNA of Spontaneous and Transplanted Tumors

With and Without Cortisone Treatment

Specific Activity, counts/min./mg. Purine 

Control Cortisone-treated 

Spontaneous 500 (70 - 1,360) (10)* 236 ( 57 - 430) (7)*

'1'-1 young 882 ( 86 - 1,911) (10) 549 ( 38 - 1,920) (7)

1'-1 old 1,005 (400 - 1,473) (4) 437 (153 - 774) (5)

'1'-4 453 ( 75 - 730) (4)

'1'-6 174 ( 80 - 230) (6)

Means and the range of values are shown.
Complete tabulation of data in Appendix B, with statistical
analysis.

6
Dosage: 2 x 10 cpm/ mouse, intraperitoneaJ.ly ,

6 hours prior to killing.

Differences between spontaneous tumors and transplants are not
statistically significant (Appendix B).

Differences between control and cortisone-treated groups are not
statistically significant (Appendix B).

* Indicates number of tumors in group. 
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A tendency toward higher values seemed to erlst in the 

transplanted tumors in young or old host s than in spontaneous 

tumors, but the difference was not statistically valid. The 

apparent decrease in cortisone-treated groups likewise was 

not significant, (Table XIX). 

Expressing the results as relative specific activity, 

i.e. the specific activity of RNA divided by the specific 

activity of either the total acid-soluble fraction or of 

the acid-soluble nucleotides presented the same pattern. 

The variation in the T-6 group was less than among 

T-l tumors. 

The incorporation of adenine-8-e14 into DNA for the 

same series of tumors is shown in table XX. 
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TABLE XI 

In Vivo Incorporation of Adenine-8-e
14 

into DNA

of Spontaneous and Transplanted Tumors, With and

Without Cortisone Treatment

Specific Activity, counts/min./mg. Purine 

Control Cortisone-treated 

Spontaneous 105 (39 - 239) (10)* 183 (13 - 298) (7)*

T-l young 281 (46 - 1,046) (10) 25 ( o - 97) (7)

T-l old 44J. (135 - 961) (.4) 59 ( 0 - ill) (5)

T-4 169 (55 - 270) (4)

T-6 67 (21 - 114) (6)

Means and the range of values are shown. Complete tabulation of
data in Appendix B with statistical analysis.

Dosage: 2 x 106 cpm/mouse, intraperitoneally, 6 hours prior
to killing.

Decrease in transplanted tumors treated with cortisone significant,
P < 0.02.

* Indicates number of tumors in group. 
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The labelling of DNA in transplanted tumors tended toward 

values higher than in spontaneous tumors, but again the 

differences were not significant statistically because of the 

large standard errors in each group. In contrast to the 

spontaneous tumors, transplanted tumors treated with cortisone 

shol-led less incorporation of adenine into the DNA fraction. 

This was significant in the transplants in young hosts; in the '1'-1 

old group the smaller number and large standard error made 

the difference not significant statistically, but the range 

of values seems to indicate the same trend as found in the 

T..;L yOtU1g group. 

As vas the case with acid-soluble fractions (Table XVIII) 

and RNA (Table nX), the variation in values for the labelling 

of DNA (Table XX) in the '1'-6 tumors was much smaJ..ler than that 

f01.ll1d among spontaneous or transplanted tumors, or even the few 

'1'-4 tumors which were analyzed. 

Tp,e tyrosine content of tumors was determined on iliquots of 

tumor tissue homogenate before fractionation. This is expressed 

as the ratio of tyrosine to DNA (Table XXI). 



- 61 

TABLE XII 

Tyrosine Content of Spontaneous and Transplanted 

Tumors With and Without Cortisone Treatment 

Tumor mg Tyrosine/ mg. DNA 

Control. Cortisone-treated 

Spontaneous 1.088 ! 0.22 (7)* 1.027 ! 0.19 (7)* 

'1'-1 young 0.961 ! 0.22 (8) 0.855 ! 0.18 (5) 

'1'-6 1.062 ! 0.20 (6) 

Complete tabulation of data in Appendix C.

None of the means differ significantly. Means ! SEM are shown.

* Indicates number of tumors in group. 

Data based on determination of Tyrosine in an aliquot of 
total homogenate of tumor tissue with Folin-Gioealteu. reagent. 
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14
In Vivo Studies with Leucine-l-e

Despite differences in biological behavior the gross 

protein content, as estimated by the tyrosine/DNA ratio, 

did not differ between spontaneous and transplanted tumors, 

no:b between cortisone-treated and untreated groups. The 

variation in values was about the same in all groups 

(ApPendix C). 

The incorporation of leucine-l-e.l4 bto tumor protein 

vas determined on a separate series of tumors, and the 

effect of cortisone treatment investigated (Table XXII). 
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TABLE XfiI 

In Vivo Incorporation of Leucine-I-CU into Protein

of Spontaneous and Transplanted Tumors , With and

Without Cortisone Treatment

Tumors Specific Activity, counts/min./mg. Protein 

Control Cortisone-treated 

Spontaneous 690 (454-1 ,492) (10)* 862 (544-1,110) (7)* 

'1'-1 young 1,01.3 (713-1,376) ( 7) 418 (252- 654) (5) 

'1'-1 old 681 (388- 925) ( 7) 669 (518 - 949) (4) 

Dosage: 2 x 106 cpm/ mouse, intraperitoneal1y,
6 hours prior to killing.

Means and range of values are shown. Complete tabulation of
data in Appendix D.

Decrease in '1'-1 young treated with cortisone significant: P < 0.05. 

* Indicates number of tumors in group. 
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In Table XXII is seen another instance of the tendency 

for transplanted tumors to show somewhat higher values than 

spontaneous tumors, but the difference is not significant 

statistically. This tendency seemed to exist only in the 

transplants in young mice in Table XXII. Treatment 'With 

cortisone significantly lowered incorporation of leucine -1-014 

into protein in the latter group. This is the group 

wherein the greatest inhibition of growth during 

cortisone treatment was observed (Tables XIV, nr). 

In this respect the incorporation of leucine-l-e14 

reflects the age difference found in the response of 

tumors to treatment. 

A summary of results of biological and biochemical 

observations is tabulated in Table XXIII. 
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TABLE XXIII 

Summary of Biological and Biochemical Observations 

Growth rates: Spontaneous tumors not significantly 
different from transplants. 
Transplants in young and old mice 
similar growth rates. 

Influence of size of a 
tumor on growth of grafts: Grafts from spontaneous tumors show latent 

period influenced by size of donor tumor. 
Not evident in case of transplanted tumors 
used as donors for grafts. 

Cortisone treatment: Significantly inhibited growth of 
transplanted tumors in young mice, 
not of spontaneous tumors or transplants 
in old mice. 

:I;ncorporation of glyc~ne-2=G14:

into protein: Transplants > spontaneous P < 0.01. 

into nucleic 
acids and nucleotides: 1-1ean for transplants >mean for 

spontaneous. 

Incorporation of adenine-8-e14: 

Untreated: Transplants tend to higher values than 
spontaneous, but not statistically different. 

Gortisone
treated: Decreased labelling in DNA in transplants 

in young mice, possibly also in old mice. 

14:Inco;moration of leucine-l-C

Decreased in cortisone treated transplants 
in young mice only. 

Variation in biochemical parameters: 

Greatest among spontaneous tumors and
T-I transplants from different primaries.

Much less among T-6 transplants.
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Variation Among Transplanted Tumors Derived From the Same Graft 

In view of the variation encountered among first generation 

transplanted tumors and spontaneous tumors with re spect to 

composition and to the in vivo incorporation of labelled adenine, 

and the much smaller variation evident among sixth generation 

transplants, it seemed desirable to establish the extent of 

the variability among grafts from an established transplantable 

tumor. The C3HBA tumor, a mammary adenocarcinoma indigenous 

to the C3H/Jax strain of mice has undergone transplantation 

over a period of twelve years. The composition of a group 

of C3HBA tumors was determined (Table XXIV) and the iB vivo 

incorporation of adenine-8-C14 into various fractions was 

measured (Table xrv). 
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TABLE XXIV 

Composition of C3HBA Tumors Derived from the Same Graft 

AS Nuc1eotides/DN4 

0.068 

0.077 

0.090 

0.102 

0.155 

0.222 

0.170 

Heans: 0.126.:!: 0.33 

RNA/DNA 

1.03 

1.08 

1.07 

1.06 

1.13 

1.25 

1.31 

1.13 .:! 0.18 

Each line represents values of a 

Means.:!: SEl-{ are shown. 

Tyrosine/DNA 

0.907 

0.966 

0.999 

0.960 

0.973 

1.250 

1.693 

1.107 .'!: 0.22 

single tumor. 
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TABLE xx::I 

In !!!.2 Incorporation of Adenine-8-C14 into 

G3HBA Tumors 

Specific Activity, counts/min.frog. Purine 

-3 
AS Nuc1eotides x~1.&- ~ DNA 

30.6 24.0 551 135 

41.9 25.8 1,472 433 

43.0 20.5 703 238 

39.9 33.6 815 229 

45.1 33.8 1,304 483 

61.1 49.5 1,440 295 

51.7 47.2 1,053 619 

Means: 44.7 + 8.7 33.5 + 7.2 1,048 + 71 347 + 90 

6
Dosage: 2 x 10 cpm/mouse, intraperitoneal1y,

6 hours prior to killing.

Each line represents vaJ.ues of one tumor. 

Means .! SEM are shown. 
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The gross composition of C3HBA tumors showed about the 

same degree of variation within the group as was found among 

first generation (T-I) transplanted tumors, except that RN.A/Dl'l'A 

ratios varied less in the C3HBA group (Tables XVI, XVIII, XIX, 

Appendices, A, a). 

The incorporation of labelled adenine was much more 

uniform among C3HBA tumors; values differing by about 3-fold 

were observed, compared with differences of 20-fold among 

spontaneous and transplanted tumors (T-l). 

The fourth and sixth generation transplanted tumors 

(T-4, T-6) included in Tables XVI to XXI had been derived 

from the same tumor originaJ.ly, but not from the same graft. 

It seemed important to establish whether the tendency toward 

uniformity among T-6 tumors was the rasu!t of repeated 

transplantation, or whetherT-I tumors might also be more 

uniform if all derived from the same graft. Accordingly, 

a group of T-I tumors were obtained from a single primary 

tumor. The ana!Ysis of these tumors is given in Table XXVI 

and the incorporation of adenine-8-C14 is show in Table XXVII. 
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TABLE XXVI 

Composition of T-1 Tumors all Derived From 

a Single Primary Tumor 

AS Nucleotidej~NA RNA/DNA 

0.167 1.10 1.423 

0.180 1.02 1.528 

0.172 1.22 1.526 

0.179 1.41 1.706 

0.186 1.21 1.311 

0.205 l.ll 1.247 

Means: 0.181 ~ 0.037 1.18 ~ 0.24 

Each line represents values of one tumor. 

Means ! SElvl are shown. 
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TABLE XXVII 

!n Vivo Incorporation of Adenine-S-C
14 

into 

T-1 Transplanted Tumors All Derived From a 

Single Primary Tumor 

Specific Activity, C01.Ults/min./mg. Purine 

Total .ASF x 10-3 AS Nucleotides x 10-3 RNA 

37.9 19.4 898 323 

34.6 19.4 1,094 454 

30.8 23.7 1,056 513 

20.1 1,509 762 

18.9 2,142 428 

36.6 1,692 752 

IvIeans: 37.2 .! 7.6 1,398 .! 340 538! 134 

6 
Dosage: 2 x 10 cpm/mouse, intraperitoneally,

6 hours prior to killing.

Each line represents values of one tumor. 

Heans .! SEM are shown. 
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From Tables XXVI and XXVII it can be seen that the extent of 

variation among '1'-1 tumors with respect to arry biochemical parameter 

mea.sured is no grea.ter than that found in the established C3HBA 

tumors (Tables XXIV and XXV), and is much less than the 

variability found to exist among different 1'-1 transplants 

(Tables XVI to IIII and Appendices A, B, C and D). 

The significance of these results will be considered in 

the Discussion. 
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DISCUSSION 

Histological examination of some of the tumors used showed 

them to be typical adenocarcinomas. The extent of necrosis was 

variable; some necrotic areas were found in all tumors whether 

spontaneous or transplanted, large or small. Scholler et al. (1957) 

examined 100 spontaneous and transplanted tumors with and without 

treatment by various agents, and found no correlation between 

histological appearance and the response of the tumors to therapy. 

Zamecnik, Lotfield, Stephenson and Steele (1951) reported that 

in vivo incorporation oJ: labelled amino acids into tumors was 

greatest at the periphery of the tumors; the central area of 

necrotic tissue incorporated little or no tracer. Thus the 

presence of necrotic tissue would probably at most dilute the 

true speeUic activity of tumor cell components being analyzed. 

Any visibly necrotic or hemorrhagic areas were removed from 

tumors before analysis. 

The finding that spontaneous tumors grew more readily on 

transplantation by trocar rather than by cell suspension (Table I) 

suggests that the inoculum size necessary for optimal growth was 

present only where pieces of tumor were implanted. The cell suspensions 

contained one million cells per inoculum, a number well above that 

found by Zahl and Drasher (1947) to be necessary for optimal 

growth of Sarcoma 180, an established transplantable 11lOuse tumor. 

The importance of inoculum size would be of significance in 

experiments where the latent period of recently derived tumors was to 

be measured, even in an inbred strain of mice. This would be 

particularil,. true if aIfY pretreatment of the implanted tissue 
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were carried out, which might lead to a decrease in the number 

of viable cells in the inoculum. 

A shorter latent period of grafts made from spontaneous 

tumors that were larger than 10 mm. diameter as compared with 

smaller donor tumors less than 7 mm. diameter (Table II) is in 

agreement wi.th the work of Browning (1948), Martine z, Miroff and 

Bittner (1955) and lG.ein (1957). Browning (1948) did not find 

the size of the donor tumor to have 8JJY influence on the graveh 

of grafts when the donor was a transplanted tumor. However, 

Martinez ~ ale (1955) did find such an influence demonstrable 

in the case of a tumor in its 47th transplant generation. 

This was taken as evidence that even after repeated transplantation 

the autonomy of the tumor was to some extent conditioned in 

each new host. The latent period was extended, the growth rate 

lessened and the survival. time of the hosts lengthened when 

transplants were made from small tumor. In the present study 

(Table III) the latent periods of four transplanted tumors did. 

not alter during the three transplant generations when the 

tumors were grafted as soon as they reached 3 mm. diameter. 

These results might be interpreted as indicating that as 

spontaneous tumors grow a selection of more rapidly growing 

cell types occurs, whereas after one or two transplant 

generations a considerable selection of such cells has 

already occurred. 

The transplanted tumors grew more than 3 x 3 mm. in diameter 

in a significantly greater proportion of mice during a ten day 

period than did the spontaneous tumors. Transplants grew as well 

in mice over 10 months of age as in mice 3 months old. 
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The growth indices ot the spontaneous tumors which grew at 

least 3 x 3 mm. in the ten day period did not differ significantly 

from those of tpansplanted tumors (Table XIV). It should be noted 

that tumors were allowed to reach a size of 5 mm. or so before 

use in order to furnish sufficient tissue for biochemical 

analysis. It is possible that comparison of growth rates of 

spontaneous and transplanted tumors when smaller than this 

might reveal differences, as in the work of Scholler et ale (1956). 

Fourth generation transplants of one tumor grew more slowly than 

most spontaneous tumors, yet responded to cortisone in the eu,une 

manner as other transplanted tumors (Table XV). However, transplanted 

tumors in mice 10 months of age or older responded no better to 

treatment than did spontaneous tumors (Table XV). Thus, differences 

in growth rate alone do not provide an explanation for the 

greater inhibition of grovth of transplanted tumors by cortisone; 

instead the data points to the age of the hosts as a major factor. 

Bernard and Seligmann (1954), Pearson, Li, Maclean, Lipsett 

and West (1955) and Karnofsky (1956) have reported an age 

difference in the response of human leukemias to drug therapy. 

Temporary remissions occur much less frequently in adults than in 

children, with cortisone and other drugs. Karnofsky (1956) suggested 

that this might be because leukemias of adults arise in different 

cell populations than in children. 

An aJ.ternate explanation, that the difference is primarily 

in the host rather than the tumor, is supported by the present 

findings. It should be pointed out that cortisone proved toxic to 

older mice, whether bearing spontaneous or transplanted tumors and 
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mortality was about 18% among these animals. This might be 

expected if anything, to produce non-specific inhibition of 

tumor growth due to the poor condition of the host. However, 

Scholler et al.. (1955, 1956, 1957, 1958) have reported that 

many chemotherapeutic agents more effective against transplanted 

than against spontaneous tumors were not especially toxic to 

older mice. On the contrary, Goldin, Venditti, Humphreys, Dennis 

and Mantel (1956) reported that aminopterin is better tolerated 

by older mice and as a result greater inhibition of tumor growth 

occurred than in younger mice. 

It would appear desirable to extend the observations begun 

in the present investigations. The use of transplanted tumors 

graftedsimultaneously into young and old mice, and treated with 

various chemotherapeutic agents should permit a decision as to 

the relative importance of the host in determining the response 

of tumors to treatment. If a difference is found to exist 

generally between tumors in young mice and old in response to 

therapy, then clearly this is an area of host-tumor relationships 

deserving more intensive investigation. The effects of parabiosis 

between young mice and old both bearing tumors might then be 

attempted. The use in chemotherapy screening trials of 

transplanted tumors in old mice might also prove to be desirable, 

more closely approximating the behavior of spontaneous tumors 

while offering the advantages of transplanted tumors. 

In the experiments carried out herein, 10 different tumors 

were grafted into the young mice used, and 10 other tumors into 

the old mice. The possibility that differences observed are due 
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only to chance selection of resistant tumors in the latter group 

does not seem likely, but cannot be dismissed entirely. In future 

it would be preferable to graft each tumor into both young and 

old recipients simultaneously in order to avoid such a possibility. 

The choice of biochemical indices to be used in a comparative 

study of tumors presented some problems. Greenstein (1954), for 

example, follol/ed enzyme levels in tumors and found some changes 

occurring during transplantation. In view of the importance 

attributed to nucleic acids in cell metabolism (Leslie, 1956; 

Heidelberger, 1953; Skipper, 1955; Brachet, 1956) it seemed 

logical to select this area of metabolism for investigation. 

It was felt moreover, that by using tumors which are histologically 

similar in an inbred strain of mice, a direct comparison of 

biochemical properties and biological behavior could be made 

more easily. The possibility of genetic and cytological 

differences complicating interp;re,tation of results would 

thereby be lessened. 

The use of DNA content as a reference for expressing the 

amounts of other constituents of tissues is generally accepted as 

most satisfactory (Leslie, 1956), notwithstanding that the DNA 

content per cell is not in fact constant according to some 

workers (Atkin and Richards, 1956; Stich et .§J".,1958). It was 

felt that DNA content could be determined more accurately than 

wet weight. 

On the basis of DNA content, the composition of tumors with 

respect to acid soluble nucleotides, RNA and protein did not 

differ between spontaneous and transplanted tumors. Variation 

in values within any group was about two-rold; this was true 
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for all groups. This variation was observed in all parameters 

measured, and was similar for determinations made by different 

methods. Protein was estimated as total nitrogen (Table XI) 

and as tyrosine (Table XXI). RNA was measured by ultraviolet (UV) 

absorbance and by colorimetric determination of ribose. DNA 

was also measured by UV absorbance and by colorimetric determination 

of deo:xy-ribose. Results by alternate methods were similar (Table XVIII). 

The C3HBA tumor, an established transplantable tumor, and a group 

of first generation transplants all originating from a single 

primary tumor showed similar variability in composition, 

although RNA/DNA ratios were less variable (Tables XXIV, XXVI). 

Tumors treated with cortisone showed no alteration in 

composition irrespective of whether or not inhibition of gro,~h

occurred. It is concluded that the gross composition of tumors 

as measured by the methods employed, is variable among similar 

tumors and is not correlated with differences in biological behavior. 

The use of labelled compounds was undertaken to gain some 

knowledge of the relative rates of certain metabolic processes 

in tumors under different conditions. Glycine-2-e14 was chosen at 

first because of the extensive incorporation of this tracer into 

both nucleic acids and protein (LePage, 1953). Leucine-l-cl4 

was then selected because it serves more specifically as a 

precursor for protein (Coon, Robinson and Bachhawat, 1955). 

Adenine-8-C14 was similarily cgosen as a precursor for nucleic 

acids and nucleotides because it undergoes little metabolism 

by alternate pathways (Brown and Roll, 1956). 

The incorporation of glycine-2-c14 into protein 



- 79 

was significantly higher in transplanted than in spontaneous tumors 

(Table III) and also appeared to be higher in the pooled acid-soluble, 

ffi,{A and DNA fractions of transplanted than of spontaneous t~ors

(Table XIII). 

The labelling of tumor protein with leucine-I-C14 (Table XXII) 

revealed a difference between tumors in young mice and old. Values 

for transplants in young mice were not significantly different from 

those for either spontaneous or transplanted tumors in old mice, 

although the mean for the former group was higher. Treatment with 

cortisone lowered the incorporation of leucine-I-CU only in the 

case of transplants in young hosts, the group wherein the greatest 

inhibition of growth occurred during cortisone therapy. The 

labelling of protein with leucine-I-C14 thus reflects the 

biological situation. 

The incorporation of adenine-8-C14 waS somewhat higher in 

the total acid-soluble, RNA and DNA fractions of transplants as 

compared with spontaneous tumors. In no case was the observed 

difference statistically significant, but the trend was apparent 

in all fractions except the acid-soluble nucleotides. This tendency 

is siiuilar to the results using glycine-2-C14, and suggests that 

transplanted tumors have somewhat enhanced rates of metabolism 

than do spontaneous tumors. On the other hand, this may only indicate 

that transplants have a higher level of tracer available because of 

better vascularization (Algire and Chalkley, 1945). Expressing the 

results of adenine-8-C14 incorporation as relative specific activity, 

i.e., relative to the specific activity of either total acid-soluble 



- 80 

purines or the acid-soluble nucleotides did not alter the picture. 

Thus the tendency toward higher values in transplanted tumors may 

be due to increased vascularity, enhanced metabolism or both. The 

differences are not of such a magnitude that they provide much 

basis for explaining the greater response of transplanted tumors 

to cortisone treatment. A decrease in the labelling of DNA in 

cortisone-treated transplants was significant only in young mice 

but probably would also be significant in the old mice if the 

number of observations were increased. While not necessarily 

correlated with the response of the tumors to treatment, this 

nevertheless indicates a difference between spontaneous and 

transplanted tumors. This difference could conceivably be the 

result of selection during transplantation of some metabolic 

processes which render the tumors more sensitive to cortisone. 

Further exploration of this area of metabolism seems indicated; 

other therapeutic agents as well as different labelled precursors 

should be tested. 

The experiments 'With adenine-8-el4 revealed much greater 

variation among both spontaneous and transplanted tumors than 

was found in any other determinations. The sixth generation 

transplants however, showed much less variation. These tumors, 

though from several different grafts, were derived from the 

same tl.1@Or, as also were the fourth generation transplants shown, 

(Tables XVI - XXI). It was necessary to establish whether the 

decreased ~ariation was due to the fact of their common origin, 

or the result of repeated transplantation. From the results 

obtained with the C3HBA tumors it appeared that long-transplanted 

tumors tend to be fairly uniform in the uptake of labelled adenine. 
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However, first generation transplants 'Which 'Were all grafted from 

the same spontaneous tumor showed no more variation than did the 

C3HBA tumors, i.e., a range of about 3-fold in contrast to the 

20-fold range of values among 10 spontaneous tumors or 

transplanted tumors 'Which were derived from 10 different 

spontaneous tumors. 

It is concluded from these results that the variation in 

biochemical properties among transplanted tumors is due not to 

experimental error, nor to variability in the same tumor grafted 

into different mice, but rather is due to differences among the 

tumors themselves. The differences might be related to ability 

to evoke an efficient vascular system in the grafts, or to 

inherent differences in metabolic capacities. 

Skipper (1956) and Stock (1957) have stated their 

preference for using transplanted rather than spontaneous tumors 

in experimental 'Work because of greater uniformity and 

reproducibility of results with the former. Hauscbka (1957) 

has stressed the multiple potentialities of any tumor cell 

population, the process of transplantation resulting in selection 

of certain predominant cell types. Greenstein (1954) has given 

biochemical. evidence of changes occurring in tumors during early 

transplant generations. While the usefulness of transplanted 

tumors cannot be denied, and reproducibility of results is indeed 

desirable if they are meaningful, it is clear that results 

obtained on an established transplantable tumor cannot necessarily 

be extrapolated to other tumors even 'When they are morphologically 

similar and grown in the same inbred strain of mice. Wider use 
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of spontaneous tumors in biochemical studies on cancer seems 

essential. Comparison of biological and biochemical properties 

of tumors which are, so far as can be determined, of the same 

cytological and genetic type, as those used in the work 

reported herein, seems to be a sound practice. Yet even among 

such tumors a considerable degree of variation is evident. 

A point which is often overlooked is that spontaneous 

tumors arise mostly in old mice, whereas transplanted tumors 

are usually carried in young mice. Suggestive evidence is 

provided in the present work that notwithstanding the autonomy 

of tumors generally, the host can be an important factor in 

determining the behavior of the tumor it carries. Factors 

such as differing blood supply, endocrine stimulati()n,and 

translocation of cellular constituents must be considered in 

interpreting results of biochemical experiments on tumor 

metabolism 1n vivo. The use of in vitro methods, lrJhich was 

attempted at one stage of this work, might yet offer a means 

of distinguishing host influences from differences in the 

tumors themselves. The importance of reciprocal host-tumor 

relationships has been stressed by Goldin et ale (1956) 

and by Greenstein (1956). 

The variation encountered in the foregoing experiments 

together with limitations of existing methods have made difficult 

the attempt in this work to correlate biochemical properties 

with the biological behavior of tumors. So far as the methods 

used revealed, no gross changes were fOWld. Nevertheless 
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some evidence has been obtained to explain observed differences 

in the behavior of tumors. Some areas of interest have been 

found which , it is felt, warrant further investigation. 
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ST.JMVll~RY lUifD CONCLUSIONS 

Transplanted tumors have a tendency to higher rates of 

metabolic processes, according to the incorporation of C~ labelled 

glycine and adenine, and also to somewhat more uniform growth rates 

than spontaneous tumors, but the differences are not sharply defined. 

Sensitivity to cortisone treatment 'Was evident in the 

incorporation of adenine-8-e14 by DNA of transplanted tumors. 

Evidence has been submitted pointing to the age of the host 

as an important factor in determining the response of a tumor 

to therapy. Growth of transplanted tumors in young mice was 

inhibited more than spontaneous or transplanted tumors in old mice. 

14An age difference in the labelling of tumor protein by leucine-l-C

was also observed. 

Variation in the composition of tumors with respect to RNA, 

protein and nucleotide to DNA ratios was similar in all groups of 

tumors, and was not correlated with differences in biological 

14
behavior. Varia.tion in the uptake of adenine-8-C was particularly 

great among spontaneous tumors and tumors in the first transplant 

generation, but was much less in grafts derived from a single tumor. 

It is concluded that the variation is indicative of differences in 

metabolic capacities of morphologically similar tumors. 
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APPENDIX A 

Supplementary to Table XV'll: Rl\fAjDNA Ratios 

Soontaneous Spontaneous T-1 young T-1 young 
+ Oorti~ol1~ 1.25 + Cortisone-

1.60 1.22 1.30 1.05 
1.59 1.19 

1.05 0.81 
1.18 1.10 1.07 
1.07 1.06 1.62 

1.06 
0.97 1.67 1.19 1.38 
1.02 1.62 1.23 

1.06 
0.93 0.90 1.53 
0.93 0.90 0.76 1.66 

0.92 0.90 1.07 0.92 

0.87 0.9.3 1.86 1.12 
0.87 1.71 1.17 

1.27 
1 •.33 1.34 

1.07 1.45 1.28 
1002 

Means: 1.09! 0.15 1.19 ! 0.17 1.20! 0.2 

T-l old !:it 

1.11 0.86 1.3.3 
0.76 1.43 

1.25 
1.16 1.13 

0.88 1.24
0.78 
0.78 1.26 

1.20 
1.30 
1.45 1.55 

1.38 

1.11 
14eans: 1.09 ! 0.37 1.0.3 ::!: 0.37 ~

1.28 .:!: 0.33 

1-1eans .:! SEM are sho'WIl. Single-spaced figures are duplicate values.
Each double-spaced figure or pair of figures represents one tumor.
Data is based on colorimetric determination of ribose by ~~jbaum (1939)
and deoxyribose by Disehe (1930) reactions.
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APPENDIX B 

Supplementary to Tables nI, mI, XIX and XX 

In Vivo Incorporation of Adenine-S-e14 into Spontaneous Tumors 

Specific Activity, C01.Ults/min./mg. Purine 

Total !SF x 10-3 AS Nucleotides x 10-3 RNA !lli4 

14.9 12.8 527 124

22.0 7.1 265 84
19.0 6.2 298 56 

26.5 13.8 505 134 
18.4 16.5 554 105 

7.9 8.3 269 53 
11.1 6.5 216 66 

30.5 2.3 257 99 

12.0 11.0 220 101 

9.5 54.4 131 109 

6.7 10.6 70 31 
5.6 8.6 70 47 

56.3 36.8 1,366 224 
59.6 37.4 1,354 243 

45.0 42.7 1,183 107 

Means: 22.8 ! 10 19.9 ! 10 500 ~ 160 105! 67 

Dosage: 2 x 106 cpm/mouse, intraperitoneaJ.ly,
6 hours prior to killing.

IvIeans .:!: SEM are shoHn. 

Each line represents values of one tumor.
Single-spaced figures are duplicate values.
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APPENDIX B 

Supplementary to Tables XVI, XVII, nx and XX 

In VivQ Incorporation of Adenine-8-C14 into 

Cortisone-treated Spontaneous Tumors 

Specific Activity, counts/min./mg. Purine 

Total !SF x 10..:3 

1l.5 

10.2 
10.0 

3.6 
4.4 

18.4 
17.2 

26.9 
27.7 

15.9 
16.2 

Means: 14.4 + 4.4-

AS Nucleotides x 10-3 

8.1 

7.9 
8.3 

5.9 
6.9 

16.7 
20.2 

23.1 
18.0 

51.9 
42.3 

18.1 + 7.7-

DNA~

170 57 

262 45 I*257 48 

64 13 
49 14 

232 100 
301 90 

275 66 
179 43 

476 265 
386 331 

236 + 72 183 + 77-

Dosage: 2 x 106 cpm/mouse, intraperitoneally, 
6 hours prior to killing. 

l1eans ! SEl\1 are sho\m. 

Each line represents values of one tumor.
Single-spaced figures are duplicate values.

* I denotes tumors which responded to cortisone, i.e. 
those whose growth was inhibited. 

I 
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APPENDIX B 

Supplementary to Tables XVI, XVII, XIX and XX 

In Vivo Inoorporation of Adenine-8-C14 intottT-l youngtt 

Transplanted Tumors 

Speoifio Aotivity, oounts/min./mg. Purine 

Total .!SF x 10-3 AS Nucleotides ~.lO-3 !Y!A 
1,91154.2 44.6 

25.6 21.7 343 
26.1 21.9 345 

22.5 19.7 493 
19.8 20.5 544

30.4 23.4 795 

55.7 28.0 1,694 

63.1 57.3 1,835 

9.5 14.5 86 

10.6 408 
14.6 297 

18.2 558 

26.0 694 
31.0 770 

Z7.1.:!: 8 882 .:!: 245 

Dosage: 2 x 106 opm/ mouse, intraperitoneally,
6 hours prior to killing.

Means .:t SEM are shown. 

Eaoh line represents values of one tumor. 
Single-spaced figures are duplioate values. 

DNA 
524 

45 
47 

82 
75 

109 

473 

1,046 

82

125
138

102 

220 
221 

281 .:!: 109 
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APPENDIX B 

Supp1ementaxy to Tables XVI, XVII, XIX and XX 

In Vivo Incorporation of Adenine-8-C14 into Cortisone-treated 

ttT-1 young" Tumors 

Specific Activity, counts/min./mg. Purine 

Total ASF x 10-3 AS 1'luc1eotides x 10-3 RNA DNA 

2.8 11.2 45 19 I* 
3.4 11.3 30 

19.0 29.0 873 16 I 

15.8 17.9 53 4 I 

17.0 14.6 486 32 I 

23.2 38.5 553 0 I 

13.3 17.9 351 40 I 
15.3 15.9 401 37 

51.2 19.7 1,896 0 I 
40.0 1,944 0 

13.7 14.7 88 97 I 
15.4 17.6 97 

:Means: 19.2 + 5 20.4 + 4.4 549 + 248 25.8 + 12 

6
Dosage: 2 x 10 cpm/ mouse, intraperitoneally,

6 hours prior to killing.

Means ! SEM are shown. 

Each line represents values of one tumor. 
Single-Spaced figures are duplicate values. 

* I denotes ttunors which responded to cortisone, i.e.
those whose growth was inhibited.
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APPENDIX B 

Supplementary to Tables XVI, XVII, XIX and :xx 

In Vivo Incorporation of Adenine-8-C14 into ttT-l oldfl 

Transplanted Tumors 

Specific Activity, counts/min./mg. Purine 

Total ...4.SF x lQ-3 AS Nuc~eotides x 10-~ RNA DNA 

~re8:ted

22.2 400 433 

10.8 15.7 1,205 236 

19.9 24.9 944 135 

26.2 22.0 1,473 961 

Means: 18.1.:!: 8.0 21.2 + 7.2 1,005 + 431- 441 + 258 

Cortisone-treated 

18.0 15.9 542 0 

18.7 19.7 294 46 
18.0 260 64 I* 

14.6 16.3 438 120 
10.0 23.4 435 102 

18.2 18.7 825 27 
18.2 20.6 729 32 

14.0 21.5 153 103 

Means: 16.1 -+ 4.3 19•.3+- 4.8 437 + 35 59 .:!: 28 
• ... ~

Dosage: 2 x 106 cpm/ mouse, intraperitoneally, 
6 hours prior tch killing. 

!"1eans .! SElvl are shown. 

Each line represents values of one tumor.
Single-Spaced figures are duplicate values.

* I indicates tumors which responded to cortisone, i.e. those 
whose growth was inhibited • 
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APPENDIX B 

Supplementaxy to Tables XVI, XVII, XIX and XX 

.!!! ~ Incorporation of Adenine-8-C14 into 4th and 6th 

Generation (T-4 and 1'-6) Transplanted Tumors 

Specific Activity, counts/min./mg. Purine 

Total ASF x 10-3 

I:A... 21.7 
23.3 

18.0 
16.6 

15.2 

T-6 5.5 
6.4 

8.0 
6.8 

11.8 
13.4 

18.8 
16.5 

10.0 
9.3 

Means: 11.3 .! 3 

AS Nucleotides x 10-3 RNA DNA 

760 281 
866 241 

12.3 768 291 
13.4 693 250 

15.3 294 90 

33.6 83 61 
28.6 68 51 

18.6 .:!: 7.8 453 .:!: 239; 169 .:!: 85 

5.7 83 
4.7 76 

4.1 216 
3.2 216 

7.1 119 
8.0 119 

4.9 299 
5.8 

9.3 120 
9.5 115 

11.7 2.13 

7.15 .:!: 2.6 174 .:!: 50 

Dosage: 2 x 106 cpmfmouse, intraperitoneaJ.ly, 
6 hours prior to killing. 

Means .:!: SEH are shown. 

Each line represents values of one tumor. 
Single-Spaced figures are duplicate values. 

28 
l4 

46
49

103 
77 

68
81

59
49

114 

66.8 .! 20 

14.9 
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APPENDIX C 

Supplementary to Table XXI: Tyrosine/DNA Ratios 

Spontaneous Spontaneous T-l young T-1 young T..p young 
+ Cortisone + Cortisone 

1.294 1.288 0.967 0.848 1.322 
1.364 1.191 0.755 1.211 

1.383 1.001 0.953 0.811 0.803 
1.397 0.909 0.930 0.767 0.914 

1.306 1.383 1.006 0.977 0.839 
1.316 1.387 0.993 0.931 0.850 

0.958 0.890 0.828 0.794 1.260 
0.990 0.823 

0.606 0.915 0.819 0.785 
1.158 

0.650 0.873 1.473 
0.709 0.891 1.488 

lv1eans: 1.089 + 0.22 lL.OO7 + 0.19 0.937 + 0.22 0.843 + 0.3 1.055 + 0.26 

Means! 8m are shown. 

Single-Spaced figures represent duplicate values. 

Double-Spaced figures or pairs of figures represent
values for one tumor.
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APPENDIX D 

Supplementary to Table XXII: .In Vivo Incorporation of 

Leucine-l-e14 into Tumor Protein 

Specific activity, counts/min./mg. Protein 

S12ontaneou~ Spontaneous 1'-1 young 1'-1 young 1'-1 olq 1'-1 old 
+ Cortisone + Cortisone- + Cortisone 

655 761 778 671 992 901 
664 803 776 638 818 998 

1,562 
1,423 

704 
745 

1,410 
1,342 

253 
250 

953 
897 

523 
513 

869 
895 

1,073 
1,096 

736 
788 

475 
417 

617 
600 

613 
682 

495 1,079 648 463 996 590 
479 1,141 779 500 951 553 

610 437 1,300 427 
596 551 1,300 369 

512 945 929 363 
569 886 1,059 413 

739 
789 

639 
713 

1,142 
1,174 

410 
498 

439 
508 

616 
584 669 .! 197 

Means: 690! 126 862 ! 178 1,013! 201 418 .! 60 ,681.! 141 

Means.! SEivI are shown. 

Dosage: 2 x 106 cpm/mouse, intraperitoneally, 
6 hours prior to killing. 

Single-Spaced figures represent duplicate values. 
Double-Spaced figures or pairs of figures represent 
values for one tumor. 
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