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available data suggested that the CF antigen 
is an integral part of the virus particle (non- 
infectious). 
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Viral Oncolysis with Host Survival." (28284) 

J. LINDENMANN (Introduced by E. Suter) 
Department of Microbiology, College of Medicine, University of Florida, Gainesville 

Viruses sometimes are very selective as to 
the type of cells in which they multiply. I t  
has long been hoped that this specificity could 
be used for the destruction of cancer cells. 
The many efforts in this field have been re- 
viewed by Moore( 1). A number of viruses, 
mainly from the Arbor group, have shown 
quite striking oncolytic powers against trans- 
plantable tumors of the mouse. Unfortu- 
nately, a high degree of oncolytic activity was 
usually associated with extreme mouse viru- 
lence, so that tumor regression had to be 
bought at  the price of the animal's death from 
viral invasion. The extent of tumor destruc- 
tion was estimated from transplantation of the 
virus-treated tumor in animals previously im- 
munized against the virus. 

The existence of strains of mice genetically 
insusceptible to Arbor B viruses( 2,3) offered 
the opportunity of studying viral oncolysis 
without killing the host. Thus, Moore(4) in- 
vestigated the effects of Russian Spring-Sum- 
mer Encephalitis virus on tumors transplanted 
into Arbor-B-resistant PRI mice; no detailed 
account of this work has been published 
(Moore, personal communication). Hoprow- 

*This work was supported in part by research 
grant from Division of Research Facilities and Re- 
sources, Nat. Inst. Health. 

ski et aL(5)  used West Nile virus on ascites 
tumors in PRI mice. The following interest- 
ing features were noted: Complete recovery 
from a well-established ascites tumor could be 
obtained; extremely low or high doses of virus 
were less effective than intermediate doses; 
mice which had survived viral oncolysis 
proved resistant to challenge with the same 
tumor and with a number of other transplant- 
able tumors. 

I t  is difficult to draw general conclusions 
from a system as unique as the PRI mouse- 
Arbor B virus host-parasite pair. The obser- 
vation that inbred A2G mice showed a high 
degree of resistance against a number of Myx- 
oviruses (6,7) offered an opportunity of using 
a similar approach with a completely different 
system. The following is an account of work 
done with a tumor-adapted strain of neuro- 
tropic influenza A virus(8) and the Ehrlich 
ascites tumor growing in A2G mice. 

Materials and methods. Mice. ICR mice 
(fully sensitive to mouse-adapted Myxovi- 
ruses) were purchased from Dublin Labora- 
tories, Dublin, Va. A colony of A2G mice 
was started from a litter obtained in April, 
1962, from the Swiss Federal Office of Public 
Health, Berne, Switzerland. These mice were 
propagated by brother-sister matings partly 
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a t  the Dept. of Microbiology, College of 
Medicine, University of Florida, partly a t  
Dublin Laboratories. 

Tumor. A fast-growing aneuploid line of 
the Ehrlich ascites carcinoma was received by 
courtesy of Dr. J. L. Edwards, Dept. of Path- 
ology, University of Florida. This tumor was 
carried in ICR mice by weekly intraperitoneal 
passages of lo6 washed tumor cells. The gen- 
eration time during the exponential phase of 
growth had previously been found to be 13 
to 14 hours (Edwards, personal communica- 
tion). 

Viruses. The Stuart-Harris strain of neu- 
rotropic influenza A virus, NWS, had been 
obtained in 1957 from the World Influenza 
Centre in London, Great Britain. Stock vi- 
rus was prepared from infected allantoic fluid 
and was stored at -70°C. The tumor-adapted 
line of neurotropic influenza A virus (8) was 
received by courtesy of Dr. W. W. Acker- 
mann, Dept. of Epidemiology, School of Pub- 
lic Health, University of Michigan. This 
strain of virus will be referred to as WSA. 
After one allantoic and one intracerebral pas- 
sage in ICR mice a stock virus suspension was 
prepared in the following manner: ICR mice 
bearing 6-day-old Ehrlich ascites tumors were 
infected intraperitoneally with 100 EIDBO of 
the brain passage material. After 3 days, the 
peritoneal exudates and aggregated cellular 
masses were collected from 3 mice, pooled, 
frozen-thawed twice, ground in a mortar, and 
centrifuged at 2000 rpm for 30 minutes. The 
supernatant was distributed in ampoules. The 
ampoules were sealed and kept at -7OOC; 
each ampoule was used only once. 

Virus titrations. Intracerebral titrations 
were done by inoculating 0.03 ml of suitable 
dilutions into the left hemispheres of mice 
anaesthetized with ether. For titration in 
eggs, 0.2 ml volumes of suitable dilutions were 
inoculated allantoically into 10-day old eggs. 
The inoculated eggs were incubated for 3 
days at 35°C and the allantoic fluids checked 
for the presence of chick red cell agglutinins. 
Titers were expressed as 50% egg infective 
doses (EIDW) per ml. 

Results. Growth of Ehrluh ascites tumor 
in A2G mice. Groups of A2G and ICR mice 

were inoculated with lo6 washed Ehrlich as- 
cites cells obtained from an ICR mouse. Two 
A2G and 2 ICR mice were sacrificed daily, 
their peritoneal cavities were drained and 
washed with 10 ml of saline solution and to- 
tal number of tumor cells per mouse thus ob- 
tained was calculated from hemocytometer 
counts. Fig. 1 shows the results of this ex- 
periment. 

No difference in growth rate of the tumor 
was observed between the 2 groups. Tumor- 
bearing mice died between the 8th and the 
20th day after tumor inoculation, usually with 
accumulations of large amounts of ascitic 
fluid. The proportion of bloody ascitic fluids, 
taken by Hartveit(9) as an index of immu- 
nologic response of the host to the tumor, was 
not greater in A2G than in ICR mice. His- 
tologically, the same pattern of invasiveness 
was found in both groups; for instance, in- 
vasion of the pancreas became conspicuous 
around the sixth day in both A2G and ICR 
mice. 

When groups of A2G mice were inocu- 
lated with decreasing numbers of Ehrlich as- 
cites cells taken from an ICR mouse, as few 
as 100 tumor cells could initiate tumor forma- 
tion with eventual death of the host (Table 
1) * 

Since in mice dying from the tumor a sub- 
stantial proportion of the body weight was 
made up of ascites, daily weighings could be 
used as a crude measure of tumor growth( 10). 
Fig. 2 shows the weight curves of 5 tumor- 
bearing ICR mice, Fig. 3 of 5 A2G mice. 
Both sets of curves have similar slopes; from 
Fig. 3 it is also apparent that the animal's 

TABLE I. Response of A2G Mice to Graded 
Doses of Ehrlich Ascites Tumor. 

Estimated No. of 
tumor cells inj* 

No. of mice dying 
with ascites tumort 

106 
106 

10s 
1 0 2  

104 

7/7 
7/7 
7/7 
7/7 
6/7 

* Intraperitoneal inoculations in 0.5 ml. Washed 
tumor cells from an ICR mouse. Cell number esti- 
mated from hemocytometer counts. 

t Numerator: No. of mice dying with ascites tu- 
mor. Denominator: Total No. of mice in group. 
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FIG. 1. Growth of Ehrlich ascites tumor in ICR 
mice and A26  mice. Each point represents total 
tumor cell count from one mouse. Zero day point 
represents initial inoculum. 

FIG. 2. Weight curves of individual ICR mice 
inoculated on day zero with 108 Ehrlich ascites 
tumor cells. Crosses mark day of death. 

FIG. 3. Weight curves of individual A26  mice 
inoculated on day zero with 106 Ehrlich ascites tu- 
mor cells. The large scatter in initial weight is 
due to the fact  that  few A2G mice were available 
for study. 

FIG. 4. Weight curves of individual ICR mice 
.bearing Ehrlich ascites tumors and treated with 
WSA virus. 

FIG. 5. Weight curves of individual A26  mice 
bearing Ehrlich ascites tumors and treated. with 
WSA virus. The 4 survivors shown on this graph 
were healthy 4 mo after tumor implantation. 
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TABLE 11. Parallel Titrations of WSA Virus i n  
Eggs, ICR Mice and A2G Mice. 

Virus dilution Eggs* ICR micet A2G micet 

10-2 
10-9 

10-6 
10" 

10-8 

10-4 

10-7 

10-9 

5 / 5  
5 / 5  
5 / 5  
5 / 5  
5 / 5  
5 / 5  
2/5 
0/5 

5 / 5  
5 / 5  
5 / 5  
5 / 5  
5 / 5  
4/5 
0/5 
0/5 

* Ten-day eggs, inoculated allantoically with 0.2 
nil of indicated dilution. Numerator: No. of eggs 
showing positive hemagglutinin reaction. Denomi- 
nator: Total No. of eggs in group. 

t Intracerebral inoculations of 0.03 ml of indi- 
cated dilution. Numerator: No. of mice dying from 
infection. Denominator: Total  No. of mice i n  
group. 

weight at time of tumor inoculation had little 
influence on tumor growth. 

Resistance of A2G mice to intracerebral in- 
oculation of WSA virus. WSA virus was ti- 
trated in parallel in 10-day eggs by the allan- 
toic route, and in ICR and A2G mice by the 
intracerebral route. The results are shown 
in Table 11. 

Even the largest dose tested failed to kill 
A2G mice, while the lethality endpoint in 
TCR mice was similar to the infectivity end- 
point in eggs. All surviving ICR mice were 
challenged 4 weeks later with a large dose of 
virus, and all proved susceptible except for 
the one survivor a t  dilution Inapparent 
infection therefore seems rare in ICR mice. 

Growth of WSA virus in tumor-bearing 
A2G mice. A2G mice carrying Ehrlich ascites 
tumors of 4 days' duration were inoculated in- 
traperitoneally with 100 EIDRo of WSA virus. 
At  intervals, 2 mice were killed, their peri- 
toneal exudates were pooled, frozen-thawed, 
homogenized and centrifuged : the superna- 
tants were titrated in eggs. The following in- 
fectivity titres were obtained: at 24 hours, 
104-2 EIDrio; at 48 hours, EIDrio; a t  96 
hours, 107e1 EIDRo. No virus could be recov- 
ered 10 days after infection. 

Oncolysis of Ehrlich ascites tumor by WSA 
virus. Groups of ICR and A2G mice were in- 
oculated with lo6 Ehrlich ascites tumor cells. 
Each mouse was weighed daily. On the sixth 
day after tumor implantation, when all mice 
were showing considerable weight increases, 

lo4 EIDBO of WSA virus were inoculated in- 
traperitoneally. Fig. 4 and 5 show the dra- 
matic effect this treatment had on the weight 
curves of 5 representative mice of each group. 

Coinciding with the rapid weight loss, ICR 
mice became ruff led, developed diarrhea and 
invariably died between the 2nd and 7th day 
after viral infection. Virus was present in low 
titres in the brains and frequently also in the 
lungs of dead ICR mice. A2G mice also 
looked sick during the period of acute weight 
loss, and some of them, usually around 2076, 
died between the 5th and 15th day after in- 
fection. Virus could never be recovered from 
the brains of such mice. A larger proportion 
died when the time interval between tumor 
implantation and viral treatment was delayed 
beyond 7 days. 

When animals were sacrificed at  intervals 
after viral challenge, it was found that within 
24 hours the peritoneal cavity no longer con- 
tained fluid ascites, but a gelatinous mass of 
aggregated necrotic cells. Sometimes, and 
particularly in ICR mice, the intestines 
seemed glued together by this solidified exu- 
date, and parts of the gut were vastly dis- 
tended. 

Fate of A2G mice surviving oncolysis. 
Three different patterns were observed in 
mice surviving oncolysis : a)  Mice recovered 
their normal appearance and remained healthy 
throughout the observation period, 1 to 4 
months. b) After disappearance of the as- 
cites, mice developed along the needle track 
of the original tumor implantation a palpable 
subcutaneous growth which eventually re- 
gressed. Sometimes regression was accom- 
panied by exulceration of the subcutaneous 
tumor, leaving a small scar in the skin. There- 
after the animals remained healthy. c) Again, 
as in b) ,  a subcutaneous nodule developed 
which increased progressively, exulcerated 
and killed the mouse within 1 to 2 months 
from the time of the primary tumor inocula- 
tion. 

The frequency of this last outcome could 
be influenced by manipulating the amount and 
timing of viral challenge. When ascites tu- 
mors were treated very early, on the second 
or third day, with large doses of virus ( lo7 
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EID5,,) a high proportion of mice died even- 
tually of progressive subcutaneous tumors. 
The same was true when advanced tumors, of 
6 to 8 days’ duration, were treated with very 
small doses ( 10°-lO1 EIDso) of the virus. 
The treatment of 4-day-old tumors with inter- 
mediate doses of virus (1@ to lo5 EID50) 
gave the largest proportion of overall cures, 
and no progressive subcutaneous tumors were 
observed a t  these dosages. The titration end- 
point of WSA virus as estimated from oncoly- 
sis in A2G mice was very close to the egg in- 
fectivity endpoint. 

Absence of oncolysis in vaccinated mke .  It 
had been shown previously that A2G mice in- 
oculated intracerebrally with NWS virus went 
through an inapparent infection resulting in 
serological immunity against related strains 
(7)  and that cross-immunity existed between 
NWS and WSA( 11). The following experi- 
ment was performed to determine whether im- 
munization with NWS would prevent oncoly- 
sis by WSA: A2G mice were inoculated intra- 
cerebrally with lo4 EIDBo of live NWS; 3 
weeks later, these mice received lo6 Ehrlich 
ascites cells intraperitoneally. After 6 days, 
the tumors were treated with lo“: EIDBO of 
WSA virus; A2G mice pretreated with saline 
instead of NWS served as controls. In the 
NWS-pretreated mice the tumor grew un- 
checked and killed the mice, while the saline- 
treated controls showed the usual behavior 
with oncolysis and long-term survival of 13 
out of 16 mice. When I@ to 105 EIDrio of 
live WSA virus given intracerebrally were si- 
milarly used to “vaccinate” A2G mice, there 
was again full inhibition of oncolysis; smaller 
doses were ineffective. 

Resistance of cured mice to challenge with 
Ehrlich ascites tumor. A2G mice which had 
survived viral oncolysis for 1 to 4 months 
were challenged by intraperitoneal inoculation 
of lo6 Ehrlich ascites cells. They showed no 
weight increase during the subsequent 3 
weeks and remained healthv; control mice in- 
oculated with the same cell suspension devel- 
oped ascites and died within the uwal time 
interval. Five mice were challenged twice: 
After a first challenge with 108 Ehrlich ascites 
cells 4 months after oncolysis, a second dose 

of lQ7 Ehrlich ascites cells was given 3 weeks 
later; these mice likewise failed to develop 
ascites and stayed healthy. 

Discussion. Myxoviruses have not gener- 
ally been regarded as potent oncolytic agents. 
Exceptions to this rule are Newcastle disease 
virus and the neurotropic derivatives of 
mouse-adapted influenza A virus. A pro- 
nounced oncolytic effect of tumor-adapted 
Newcastle disease virus was found by Flana- 
gan et al.( 12) ; unfortunately, this strain has 
been lost (Cox, personal communication). 
Neurotropic influenza A virus, both the Stu- 
art-Harris NWS and the Francis-Moore WSN 
strains, showed a limited ability to grow in 
tumor tissue(8,ll). It has been pointed out 
that these strains should be more properly 
called pantropic ( 13). Ackermann and Kurtz 
(8) succeeded in growing WSN serially in 
Ehrlich ascites tumors; this is the strain we 
have called WSA. In the experiments of Ack- 
ermann and Kurtz most treated mice died of 
viral infection, but some survived. No sur- 
vivors were observed by Cassel ( 14) working 
with the same strain. The reason for this 
difference is not known. 

In our own experiments virus-susceptible 
ICR mice carrying Ehrlich ascites tumors in- 
variably died when infected intraperitoneally 
with WSA. The cause of death remained ob- 
scure. Evidently the massive destruction of 
large numbers of tumor cells within a short 
time could upset the host organism sufficiently 
to kill it, but this should have applied equally 
to A2G mice. Possibly the deaths seen in 
A2G mice were due to this cause, or to the 
mere mechanical disturbance of peristalsis 
brought about by the sudden solidification of 
the ascites. There must have been another 
and more important cause of death in ICR 
mice. The finding of virus in brains and lungs 
of dead ICR mice, but not of A2G mice, sug- 
gested generalized viral infection as the cause 
of death. However, virus-sensitive mice not 
carrying ascites tumors and infected with 
WSA intraperitoneally also showed spread of 
virus to brains and lungs in similar titres to 
those found in tumor-bearing mice and never- 
theless survived ( 14). Tumor-bearing mice 
were perhaps killed by the toxic effect of the 
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large amount of virus produced in the peri- 
toneal cavity ( 14). This seemed difficult to 
reconcile with the observation that A2G mice 
were as sensitive to the toxic action of influ- 
enza viruses as virus-susceptible mice ( 7).  
Possibly in ICR mice the virus multiplied in 
the cells lining the peritoneal cavity, in in- 
flammatory cells or in the tissue of some key 
organ as well as in tumor cells, while in A2G 
mice the bulk of viral replication was confined 
to the neoplastic cells. 

The experiments carried out with mice im- 
munized to the virus established two points: 
First, antiviral immunity was effective in pre- 
venting viral oncolysis. I t  therefore seemed 
probable that in animals not previously im- 
munized viral oncolysis would be quenched 
after some time by the emergence of antiviral 
antibodies. Second, the cross-immunity exist- 
in4 between N W S  and WSA supported the 
idea that oncolysis was indeed caused by the 
influenza virus itself and not by some “pas- 
senger” virus picked up during passages in 
mice and ascites tumors. 

A2G mice surviving: oncolysis proved resis- 
tant to challenge with the same tumor, even 
when the challenge dose was quite large. Tu- 
mor immunity most probably played a part 
in the recovery of those mice in which pal- 
pable subcutaneous tumors developed that 
later regressed. Since in the non-immune host 
100 tumor cells were sufficient to initiate ma- 
lignant growth, it seemed likely that even in 
the mice showing no gross subcutaneous tu- 
mors some tumor cells escaped primary de- 
struction by the virus and had to be elimi- 
nated by an immune mechanism. 

During undisturbed tumor growth the im- 
mune response of the host was either not suf- 
ficiently stimulated or was outgrown by rapid 
tumor proliferation. The latter explanation 
seemed less probable since primary subcutane- 
ous implants grew much more slowly, yet 
killed their host. Apparently the destruction 
of large numbers of tumor cells by the virus 
liberated enough antigenic material to stimu- 
late the immune response efficiently. The 
magnitude of this antigenic stimulus might 
have been the decisive factor in final recov- 
ery: When 2-day old ascites tumors were in- 

fected with large doses of virus, a majority 
of mice developed subcutaneous tumors to 
which they later succumbed; the amount of 
tumor destroyed was too small to immunize 
efficiently. Conversely, when advanced tu- 
mors were treated with small doses of virus, 
again some mice died of slow subcutaneous 
growths; perhaps in these cases virus prolifer- 
ation was halted by antiviral immunity before 
a sufficient mass of tumor tissue had been de- 
stroyed. Thus the cure of A2G mice bearing 
Ehrlich ascites tumors, a system in which 
there is probably a considerable genetic gap 
between tumor and host, would seem to de- 
pend on the complex interplay of viral on- 
colysis, antiviral immunity and antitumor im- 
munity. 

Most findings in the A2G-WSA system so 
far parallel those in the PRI-West Nile sys- 
tem as observed by Koprowski et a L ( 5 ) .  It 
remains to be seen whether mice surviving 
Ehrlich ascites tumors prove immune to other 
malignancies. 

Summary. Ehrlich ascites tumors grew 
equally well in ICR and inbred A2G mice. 
ICR mice were sensitive, A2G mice were fully 
resistant to WSA influenza virus given intra- 
cerebrally. When mice bearing Ehrlich as- 
cites tumors were inoculated intraperitoneally 
with WSA virus, rapid oncolysis ensued. In 
TCR mice this invariably led to death of the 
animals, while around 807% of A2G mice sur- 
vived. Of these, some later succumbed to 
slowly growing subcutaneous tumors develop- 
ing at the site of primary tumor implantation. 
This occurred frequently when tumors were 
either treated early with large doses of virus, 
or late with small doses. With other combi- 
nations of timing and dosage, some mice de- 
veloped subcutaneous tumors which later re- 
gressed. Mice surviving the primary tumor 
inoculation for 1 to 4 months were resistant 
to challenge with the same tumor. 

I wish to thank Dr. J.  L. Edwards for advice and 
help with histology, and Mr. Michael Cawley for 
excellent technical assistance. 
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Quantitative Estimation of Some Phosphatides and Their Hydrolysis 
Products by Thin Layer Chromatography. (28285) 

WILLIAM M. DOIZAKI AND LESLIE ZIEVE 
Laboratory for Cancer Research, Radioisotope Service and Department of  Medicine, Minneapolis 

Veterans Hospital, University of Minnesota 

Many improvements and simplifications 
have been made in the analysis of phospha- 
tides and water soluble phosphate esters of 
glycerol. Silicic acid impregnated paper tech- 
niques have greatly speeded up the process 
of identifying and quantitating phosphatides 
( 1,2,3). Dawson and coworkers (4,s) have 
carried out extensive studies on paper of the 
hydrolysis products of phosphatides. With 
the introduction of TLC,* qualitative separa- 
tion of lipids and phospholipids was speeded 
up remarkably. The precision of the separa- 
tions offered the possibility of quantitating 
the compounds so separated on thin layer 
plates. Two groups have analyzed some phos- 
phatides quantitatively by TLC (6,7). The 
separation of the hydrolysis products of phos- 
phatides on TLC has also been reported re- 
cently (8,9) ; however the separations achieved 
were not suitable for quantitation. 

In this report we describe a procedure for 
quantitative analysis of phosphatides and of 
the water soluble choline and ethanolamine 

* The following abbreviations are used: TLC, thin 
layer chromatogram or chromatography ; C, choline ; 
PC, phosphorylcholine ; GPC, glycerylphosphoryl- 
choline ; E, ethanolamine ; PE, phosphorylethanola- 
mine ; GPE, glycerylphosphorylethanolamine ; GP, 
glycerophosphate ; P, phosphate standard ; Le, leci- 
thin ; LLe, lysolecithin ; PTE, phosphatidylethanola- 
mine ; Sph, sphmgomyelin. 

containing phosphate esters, and apply it to 
the analysis of serum phosphatides. 

Methods. The plates were prepared as 
previously described ( 10) . Choline chloride 
and ethanolamine (redistilled) were obtained 
from Eastman Organic Chemicals, phospho- 
rylcholine (chloride form) and a-glycerophos- 
phate (DL) from Sigma Chemical Co., and 
o-phosphoethanolamine from California Foun- 
dation for Biochemical Research. Lecithin 
and phosphatidylethanolamine were prepared 
from egg yolk essentially by the method of 
Rhodes and Lea ( 1 1). Lysolecithin was pre- 
pared from egg lecithin as described by 
Hanahan and coworkers( 12). GPC and GPE 
were prepared from lecithin and PTE respec- 
tively according to Dawson (4). 

Separation of the choline and ethanolamine 
derivatives of phosphatides was readily ac- 
complished by the use of 2 solvent systems 
differing in the amount of acid present. The 
choline derivatives were separated in a sol- 
vent system containing chloroform: methanol: 
3M TCA:water, 40:60:20:12.5 (v/v), the 
solvent run taking approximately l-l% 
hours. The ethanolamine derivatives required 
less acidic conditions in which the solvent 
system contained chloroform: methanol: 10% 
TCA: water, 45 : 5 5 : 8 : 4 (v/v) . The phospha- 
tides were separated and identified as previ- 




