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Establishment of Resistance to Growth of Ehrlich Ascites CIarcinoina 
in C57 Black Mice.* (25328) 
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The Ehrlich carcinoma, growing either as 
an ascites or solid cancer in mice, is known to 
kill nearly all its hosts. Our observation olf 
the survival of about one C57BL mouse out 
of each 100 animals, following an initial and 
repeated injections of large doses of viable 
carcinoma cells, led us to consider the possi- 
bility of producing the resistance at  will. We 
have been able to produce in C57BL mice a 
resistance to viable Ehrlich ascites carcinoma 
cells by repeated injection of x-irradiated Ehr- 
lich cells. Likewise, Donaldson and Mitchell 
(1) have recently reported protection of mice 
against growth of Ehrlich ascites tumor em- 
ploying x-irradiated cells. Revesz ( 2 ) ,  work- 
ing with a number of different cancer cells, in- 
cluding Ehrlich's Carcinoma, showed that im- 
plantation of an inoculum of viable cells ad- 
mixed with a larger amount of the cancer cells 
lethally damaged with x-rays, caused an in- 
crease in cancer growth in highly inbred mice 
strains, while there was a slowing of cell 
growth when injected into genetically incom- 
patible animals. 

Mater ids  and methods. The mice used in 
this study were C57BL males and females 
produced in our vivarium by indiscriminate 
interbreeding of stock obtained from the Ros- 
coe B. Jackson Memorial Labs., Bar Harbor, 
Maine, about 4 years ago. At start of experi- 
ments the mice were 8-16 weeks of age. The 
Ehrlich ascites carcinoma was obtained 7 
years ago from the Massachusetts Gen. Hosp., 
Boston, and since then has been grown in our 
laboratory by weekly 0.1 ml intraperitolneal 
and less frequent subcutaneous passages 
through C57BL mice. Ascites carcinoma 
grown intraperitoneally for 7 days was em- 
ployed for the studies. The liquid tumor was 
withdrawn from the peritoneal cavity under 

* This investigation was made possible by grants- 
in-aid from Am. Cancer SOC. and the Jane Coffin 
Childs Fund for Medical Research. A part of these 
data were presented a t  the 7th Pnternat. Cancer 
Congress, July 1958, Londan, England. 

sterile conditioins and employed untreated for 
injection or placed in special sterile flasks for 
rotation under the x-ray machine. Two to 
3 ml of ascites tumor were placed in these 50 
ml balloon flasks and rotated at a rate of 30 
rpm. The tumor was irradiated with 2000, 
4000 and 8000 r, a t  a rate of about 50 r per 
minute and a focal distance of 45 cm. Dose 
rate was calibrated in air for the 250 kv x-ray 
head having 0.21 mm of Cu, inherent. Addi- 
tional filters were 1 mm of aluminum and 0.5 
mm of Cu, parabolic. The half value layer 
was 2.1 mm of Cu. All tumor injections into 
the mice were made intraperitoneally with 
Ehrlich ascites carcinoma containing about 
100,000 cancer cells per mm3. All challenges 
were made with 0.05 ml of ascites carcinoma. 
Metabolic studies were carried out on the 
carcinoma cells following a 3-fold washing 
with cold isotolnic 55 mM phosphate solution 
( 3  1. Oxygen consumption measurements 
were performed as previously described (3 j 
employing glucose as the substrate a t  38°C. 
Glucose utilization determinations were made 
a t  intervals of 30 minutes on tumor cells in- 
cubated at  38°C employing the methods oif 
Somogyi (4)  and of Nelson ( 5 ) . 

Results. The data in Table I indicate that 
little resistance to growth of the cells in mice 
is produced until 5 or more injections of x- 
irradiated tumor were given. There appear 
to be only small differences in the results ob- 
tained employing 5 to 10 injections of x-ir- 
radiated tumor. As indicated in Table 11, 
varying amounts of the 2000 r irradiated tu- 
mor (0.025 tcu 0.5 ml) were tested. There 
were no discernible differences in resistance 
produced when employing 8 injections of .02 5, 
.05 or .1 ml of x-irradiated tumor. One in- 
jection of -05 ml produced no effect, however 
a t  .2 and .5 ml there appeared to be some pro- 
tection (Table 11). The .5 ml dose is about 
the maximum amount tolerated, since the mice 
developed large quantities of tumor with 
grossly distended abdomens. However, the 
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TABLE I. Production of Resistance in C57 Black Mice to Rhrlich Ascites Carcinoma Cells. 
(0.05 ml E1irlic.h :iscitfIb carcinoni2 cells x-irradiated with 2000 r and injected int,raperitoxieally 

once each week.)" 

A TI im R I s HII rv iving challenge8 t 
( KO. of i.li:ill~~iiges, i ion-lu-irr~il i~t~il  cells) No. of' No. of iuj. 

Inictl a-irrad. ccllb I 3 2 4 5 6  7 8 9 10 
~ _ _  

(So .  of :inininls) 
t i  I 0 
4 2 0 
4 3 3 1 1 1 1 1  1 1 
I 4 0 
4 5 i 3 , 0 3 2 2  Y 2 
4 ti -4 4 4 4 4 4  4 4 

r) 

r) 0 

42 8 -10 ~ ' G ( ~ ) : Y I  19 19 i9(4)$15 i 5 ( i ) $  
20 10  20 19 1 7  16 16 16 1 5 ( l ) f  14 14 13(1)$  

* Control groups are not iiic1icatt.d but c~:icli week 15-83 mice were inj. with 0.05 to 0.20 ml of 

t All c1t:illeugrs WC'I'C in:idc vi th  0.05 nrl of ;iwitw carcinoma containing about 100,000 cancer 

t S o .  in parcntlieses arc  S o .  of nniiiinls wviii~ved for complement fixation studies. 

Ehrlich ascites carcinoma nntl 9970 of tllc :inininls (lied with avg time of death about 14 days. 

cclls/mnl". 

animals were able to control their tumor 
growth. Table I11 indicates that between 
2000 and 4000 r is the optimum amount of 
x-irradiation under the conditions employed. 
If less than 2000 r were employed there was 
too little alteration of the cells and the mice 
died of cancer. I'arious procedures were em- 
ployed in unsuccessful attempts to produce 
altered cells which would be effective in pro- 
ducing resistance in mice. These attempts 
included freezing and thawing, grinding with 
a Ten-Broeck tissue grinder. ultra-sonic vi- 
bration and lyophilizing. Either there was in- 
adequate alteration as in the first 3 conditions 

TABLE I T .  Influrnce of Size ant1 S u 1 ~ l w r  of 111- 
jections on Production of Resistance in C 5 i  H1:ic.k 

Mice to Ehrlich Ascitcs Carcinoma Cells. 
(Elirlich ascites carcinoma cells wcrc x-irrndiatcil 

with 2000 r arid inj. intraper. twice each week.) 

Animals surviving 
challenges 

( S o .  of cllnllellgt.h, 
No. of No. of inj. Size of viable cells) 
mice x-irrad.cells dose (nil) 0 1 2 3 

(hTo. of mice) 
5 8 .025 5 5 2 2  
5 8 .05 , 5 5 2 2  

5 5 2 2  5 8 .10 
2 6  1 .4n 2(i  1 0 

6 7 .ti0 (i 1 0 
(22, .  

(4) 
* Sacrificed to  determine tumor volume. 
Before first challenge of those receiving the 0.20 

ml dose 3 mice died, and of those receiving the 0.50 
ml dose 1 mouse died. These deaths were due t o  in- 
adequate x-irradiation of the tumor. 

and the cancer cells overwhelmed the mice or 
the cells were completely destroyed and the 
mice showed no resistance, as was observed 
with lyophylizing. 
'l'AHIIE 111. Influence of Varying X-ray Dosage 
oil Production of Resistance in  C57 Black Mice t o  

Ehrlich Ascites Carcinoma Cells. 
(0.05 in1 of Ehrlich ascites carcinoma cells x-irradi- 
:itrd with ,0000 r and inj. intraper. twice each 

week. ) 

Animals surviving 
challenges 

Amt of (No. of challenges, 
S o .  of No. of inj. x-irrad. viable cells) 
mice s-irrad. cells (r j 1 2 

~~ 

ti 8 2000 6 4(1) * 
k i  8 4000 t; 2(2) * 
(i 8 8000 0 

* Animals sacrificed f o r  complement fixation 
studies. 

Table IV shows the slow rate of growth 
and eventual control of the injected irradi- 
ated tumor, compared to the rapid rate of cell 
growth with non-treated cells. Average sur- 
vival time of the latter was about 14 days. It 
was determined that the x-irradiated tumor 
growing in mice for 2 to 6 days and being 
controlled by the host would, when injected 
into non-resistant mice, kill within 18 to 23 
days. This shows a remarkable recovery of 
viability olf x-irradiated cells as well as a pro- 
duction of resistance in the first host. 

Table V indicates some alteration of me- 
tabolism of the cancer cells produced with 
various amounts of x-irradiation. It is inter- 
esting that there was inhibition of oxygen con- 
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T A RTA E IV. Growth of X-Irradiated and Non-Jr- 
r:idiatetl Elirlich Ascites Carcinoma Cells. 

(Siitgle 0.9 nil intrayer. iiij. of axrites timior, 0.05 
nil cells.) 

Vol of tumor cells (ml) 
Days after inj. 'I' r ea t riieii t 

of t u m o r , r  2 4 5 6 7 8 9 

~ N O U ~  .20 .50 .66 1.06 1.15 1.25 1.90 
3000 .20 21" .22* .23* .13 .13 .12 

.' Tumor from these 3 animals which had received 
the 2000 r tumor, when iiij. into noii-resistant mice 
killed in  19, 33 and 18 days, respectively. A second 
serial passage of the regressing tumor killed the 
mice in 14 t o  16 days. Avg survival time of mice 
given non-treated and viable tumor survived an avg 
of 14 days. 

sumption when the cells were treated with 500 
r, and stimulation when greater amounts of 
irradiation were employed. Glucose consump- 
tion on the other hand was stimulated by ir- 
radiation particularly at 2000 r. Microscopic 
examination of the irradiated cells indicated 
the nuclei to be altered markedly. More de- 
tailed enzymatic studies are being carried out 
to evaluate more completely the cellular 
changes effected by x-irradiation. 

Furthermore, preliminary studies show that 
8 injections of x-irradiated Ehrlich ascites car- 
cinolma cells also prevent growth of Ehrlich 
cancer cells injected subcutaneously in C57 
black mice. 

Other technics have been ap- 
plied with less success for production of im- 
munity in the host animal carrying a tumor. 
Fink, Smith and Rothlauf(6) were able to 
show production of antibody in BALB/C mice 
following injection of lyophilized tumor S 621 
in Freund's adjuvant. Hirsch, Bittner, Cole 
and Iversen(7) have reported that inbred 
strain C Bagg albino mice can be partially 
immunized against its own tumor, C 10040, 
employing the technic of Martinez (8). Also, 
Lund(9) has been able to vaccinate rats 
against Yoshida ascites sarcoma by injecting 

Discussion. 

TABLE V. Influeiice of X-Irradiation on Oxygen 
Coiisuniption and Glucose Utilization of Ehrlicli 

Ascites Carcinoma Cells. 

Glucose Oxygen 

(pM/0.04 ml cells/hr) 
Treatmelit 
of cells ( r )  

0 4.1 3.1 
500 4.3 2.6 

1000 3.0 
2000 6.8 3.4 

the viable carcinoma cells intracaecally ; and 
Bradner, Clarke and Stock( 10) stimulated the 
defenses of the female Swiss albino mouse to 
sarcoma 180 by injecting zymosan; Prince, 
Fardon, Nutini and Sperti ( 11 ) produced im- 
munization with a transplantable mouse tu- 
mor. It is our belief that x-irradiation of the 
Ehrlich ascites carcinoma temporarily modi- 
fies the cells in such fashion as to alter and 
slow their growth and make them more anti- 
genic. There is stimulation olf formation of 
antibodies, which increases with repeated in- 
jections of the altered tumor. This is strongly 
indicated by the control of growth of the x- 
irradiated Ehrlich cells in the original mouse, 
and subsequent killing of the recipient mouse 
into which the regressing tumor is transferred. 
Further evidence for immunization of the 
C57BL mouse to the Ehrlich ascites carcinoma 
cell are our preliminary complement fixation 
analyses showing high titres of antibodies in 
the blood of the mice to the ascites carcinoma 
cells. 

Summary. It has been possible to immu- 
nize C57BL mice against Ehrlich carcinoma 
by giving 5 to 10 injections sf Ehrlich car- 
cinoma x-irradiated with 2000 to 4000 r. Of 
70 mice so immunized 66 survived the first 
challenge with viable cells; and all 35 of the 
mice receiving 8 challenges survived. I t  ap- 
pears that the carcinoma cells are altered by 
x-irradiation and thus stimulate production of 
resistance to both x-irradiated and completely 
viable Ehrlich carcinoma cells. 
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