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Enhancement of Oncolytic Effect of Russian Encephalitis Virus.” (18619) 

ALICE E. MOORE. (Introduced by C. P. Rhoads) 
From the Division of Experimental Chemotherapy, SEoan-Kettering institute for Cancer Research, 

New Yovk City. 

In the study of the effect of neurotropic 
viruses on transplantable tumors in mice, it 
was found that the oncolytic action of these 
viruses was so closely associated with the 
neurotropism that the tumor bearing animals 
always died of the infection( 1J). If animals 
were immunized either actively or passively 
against the viruses no tumor destruction took 
pllace(3). It seemed possible that by con- 
tinuous passage from tumor to tumor in can- 
cer bearing animals, some change might be 
brought *about in the tropism of the virus. 
That tumor destruction is not inevitably as- 
sociated with nervous system injury was 
shown by Sharpless, Davies and COX(4). 
They reported that both Russian and West 
X l e  encephalitis viruses could cause the re- 
gression of the chicken tumor RPL-12 with 
the survival of the host. 

For the past two years we have attempted 
to separate the neurotropic portion of the Rus- 
sian encephalitis virus from its oncolytic por- 
tion. Although the objective has not been 
attained, certain changes have occurred in the 
affinity of the virus for tumor tissue. By 
continuous passage it can be shown that its 
oncolytic ability can be enhanced. As yet no 
marked change has occurred in its neuro- 
tropism. 

Materials and methods. The methods used 
in trying to produce variant strains of virus 
from the parent or “stock virus” have been as 
follolws: (1) Sarcoma 180 passages. Three 
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types of passages are reported in this study. 
(a) Bi-weekly passage. Groups of 3 to 5 
animals were implanted subcutaneously with 
tumors. When the growths were approxi- 
mately 10 mm in diameter, 0.05 cc of “stock 
virus” was inoculated directly into the neo- 
plasm. Three or 4 days later one animal from 
the group was killed, the tumor removed asep- 
tically, and a 10% emulsion made in diluent. 
After centrifugation, 0.05 cc of the super- 
natant was inoculated into the tumors of an- 
other group of sarcoma 180 bearing animals. 
The remaining animals of each inoculated 
group were allowed to die of the infection and 
a record kept of their day of death and the 
condition of their tumor. (b) One- to 2-day 
passage. After 96 bi-weekly passages, an- 
other series was begun. The transfers were 
carried out in the same way except that in- 
oculated tumors were removed and passed a t  
one- and 2-day intervals. An attempt at daily 
tumor passage was abandoned because the 
virus was too readily lost. (c) Passage at  
higher dilutions. Xumerous attempts have 
been made to  make tumor to tumor passages 
after the virus has been diluted. A passage 
began with virus from the 117th bi-weekly 
passage diluted to lC3 at the time of each 
passage had undergone 16 consecutive pas- 
sages before testing. Continuous passage at 
higher levels lo-?, lCP) have been dif- 
ficult to maintain because of the possibility of 
diluting out the virus. (2) Brain Passage. 
The original “stock virus” was calrried by 
transfer from brain to brain in order to have 
a comparison with the tumor to tumor passage 
material. 0.03 cc of 10% “stock virus” was 
inoculated intracerebrally and serial passages 
at that dilution were made at bi-weekly inter- 
vals. (3)  Wagnar osteogenic sarcoma pas- 
sage. Continuous passage was begun by in- 
oculation of 0.1 cc of the “stock virus” di- 
rectly into palpable Wagnar tumors. At in- 
tervals of 3 or 4 days, a tumor was removed 



7 50 OSCOLYTIC EFFECT OF RUSSIAN ENCEPHALITIS VIRUS 

100- 

80 

60 

40 

20 

0 -  

aseptically. a 10% suspension made and 0.1 
cc of centrifugate inoculated into the same 
tJ-pe of neoplasm. Virus. The virus of Rus- 
sian Far East encephalitis was used through- 
011 t these esperinients.d \\’hole mouse brains 
were kept frozen at -4O’C in the dry ice 
chest. They were prepared from a single 
stock of brains so that all virus used and re- 
ferred to as ’*stock virus.” were at  the same 
level of passage. -411 dilutions were made in 
10% inactivated horse serum in physiological 
saline. Titrations. -A11 titrations for virus 
content of brain and tumor were made with 
white mice of 18-22 g in weight obtained 
from commercial breeders. For intracerebral 
titrations 0.03 cc amounts were employed, 
and for the subcutaneous and intraperitoneal 
titrations 0.05 cc was inoculated. Detection 
oj  c-har.tges in the virz~s. Although virus var- 
iation is a recognized phenomenon the de- 
tection of variants, especially if present in 
small amounts. is very difficult. In  the studies 
here reported if a “pure strain” oncolytic 
variant without effect on normal tissue ap- 
peared. it would be possible to detect it only 
b\- its activity against a transplantable tumor 
since intracerebral inoculation would produce 
no disease. I t  was necessary, therefore, to 
set up a standard procedure which would de- 
tect any increase in the oncolytic activity of 
the virus. The test for changes in activity of 
the sarcoma 180 passage viruses and the brain 
passage virus was done as follows: Mice 
hearing sarcoma 180 implanted 4 days pre- 
viously. were inoculated in t raperi toneally with 
0.03 cc of a 10” dilution of virus. The in- 
oculated virus was always titered intracere- 
brally and usually intraperitoneally and sub- 
cutaneously. The day following inoculation 
tumor and brain were removed and the 
amount of virus contained in each was de- 
termined by intracerebral titration. -At the 
same time 2 mm cube pieces of tumor were 
implanted into virus immune but tumor sus- 
ceptible mice to determine its viability (bio- 
assay). The same procedure was done 3 days 
and occasionally 7 days after the original in- 
oculation of virus. 
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The ti,me at  which the sarcoma 180 is 
destroyed following in traperi toneal inocula- 
tion with “stock virus” at  different dilutions 
has been determined. It is possible therefore 
to detect, by the method described, any in- 
crease or decrease in the oncolytic ability of 
the virus consequent to a procedure designed 
to modify that ability. 

The same type of test was used for the de- 
tection of changes in the tumor effect of the 
Wagnar passage virus. After a number of 
serial passages, the virus was tested against 
the Wagnar tumor by inoculation of 0.05 cc 
of a 10-l suspension of virus intraperitoneally. 
-?\t the same time the “stock virus” was in- 
oculated in the same dilution into a compar- 
able group of tumor bearing animals. Previous 
experiments? had shown that in the dilutions 
inoculated this virus has been ineffective in 
causing tumor destruction. When the ani- 
mals became paralyzed, usually 6 or 7 days 
after the inoculation, 2 or 3 from each group 
were killed and the viability of the tumors 
determined by implantation into virus im- 
mune animals. Titrations of brain and tumor 
were carried out a t  the same time. Tissue 
culture.: The results obtained in animals 
with the sarcoma 180 passage and the brain 
to brain passage were confirmed by tissue cul- 

Per cent of Sorcoma 180 destroyed at one and 
three days following intraperitoneal inoculation of 0.05 
C.C. of dilution of Tumor to Tumor and 
Brain to Brain Passage. 

_ _ ~  ~~ 

OAYS I 2 3 4 

- Tumor to Tumor Virus - Broin to Brain Virur 

>>G. 1 

t To be reported. 
$??he author wishes to  thank Dr. C. Friend who 

performed these experiments. 
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TAF3I.E I. Effect of 111,ti~~peritoneal Inoculation of Brain to Brain and Tumor t o  Tumor Passages on 

1 day after iiioculation 

the Viability of Sarcoma 180. - 
3 days after inmulation 

Titer of inoculum ----- -7 \ 

7- % tumor vc tumor 
Passage S o .  i.c. Tumor" Brain" destroyed T u m r  Brain destroyed 

Original ' ' stock ' 
B to  B+ 10th 
T to  *r: 10 
B t o  R ?(I  
T to T P O  
n tl) E: 3 0  
T to T 30 
B to I3 so 
T to T 4 c1 
l3 t o n  F 0 

G 0 
R to  1; 
r r  to T I I  

B to F, 101, 
T to T 9; 
€3 t o  13 11 1 
T to T 1 08 
1 to 2 (lq- 
T to T (j0 
B t o  H 11i 
T to T 120 
1 tu '1 d q -  
T tn T 84 

r -  
T to rr 

I /  -- 

9.50 7.5 7.5 
>9.0 8.0 7.5 

9.3 i.5 6.0 
5.3 -- - 
8.0 - - 
9..5 - - 
8.0 - - 
9.3 - - 

8.0 - - 
9.3 6.5 7.5 
( . a  .5.5 6.0 
8.0 6.0 4.0 
7.5 6.5 4.5 
1.3 ,5.5 5.5 
8.3 6.5 7.5 

- -- 
(.1.3 - - 
- -  
I ..I - - 
r -  

r -  

r -  
1.9 4.0 4.0 
8.5 6.5 5.5 
8.0 (i.0 6.0 

6.0 6.5 5.5 

4.5 
>5.0 

3.5 
2.0 
6.5 
2.0 
4.5 < 1.0 

<l.O 
4.0 > 5.n 
4.0 
4.0 
2.5 
4.0 
1.5 
6.0 

4.5 
> 7 . 0  > 7.0 

4.0 

1.5 
3.0 
1.0 
4.0 
1.5 

< I . O  
3.0 
4.0 
2.5 

< l . O  
1.73 

< 1.0 < 1.0 
<l.O 
< l . O  
<1.0 

1.75 

1.35 
>3.0 
3.0 

>3.0 

0 9.0 
20 8.5 

0 8.95 
0 8.0 

"0 8.0 
0 8.0 

20 8.0 
0 7.5 

20 8.0 
20 8.0 
40 6.5 

0 7.5 
20 8.0 ' 

0 7.5 
75 8.0 

0 6.5 
95 8.5 

40 >7.0 
0 >7.0 

60 >7.0 

60 7.0 

4 0  50 
4.5 20 
3.5 GO 
3.5 20 

>3.0 100 
3.5 20 
4.0 10 0 
2.0 0 
4.0 60 
2.0 0 
2.0 100 
2.0 60 
4.0 100 
2.5 0 
2.0 1 O i )  
1.5 0 
4.0 100 

4.0 100 
2.5 0 
4.0 1.0 0 

> 8.0 100 

' Xmt of virus determined by inkacerebml titration. 
+ F, to B indicates brah  to brain. 

$ Akll figures represent the reeiprmal of the logarithm of the LDso. 
T t o  T indicates tumor to tumor. 

ture technics. One flask containing a simple 
Maitland type medium consisting of 4.5 cc 
Tyrode's solution, 0.5 cc normal horse serum 
and minced tumor was inoculated with 0.5 cc 
brain passage virus a t  a dilution of lP3. A 
comparable flask was inoculated with the 
tumor passage virus. Twenty-four, 48 and 72 
hours later 10 tumor pieces along with tumor 
from a control flask were removed and im- 
planted into immunized mice to determine 
their viability. Titrations of the supernatant 
were also carried out. 

Results. Sarcoma 180 passage compared 
with brain passage. After 20 passages it was 
apparent that the bi-weekly tumor to tumor 
passage virus was destroying the tumor to a 
greater extent than the brain to brain pas- 
sage. and further passage has resulted in an 
increase in the oncolytic effect of this virus 
while the brain passage has lost its ability to 
attack the tumor in the 3 day period. In  
fact bioassay experiments with the 128th brain 
to brain passage showed that only 30% of 
the sarcoma 180 was destroyed 7 days after 

inoculation, whereas inoculation of "stock 
virus" invariably destroys 100% of the tumor 
in the same length of time. The results are 
shown graphically in Fig. 1. Table I gives 
the detailed information obtained from the 
bioassay experiments, I t  can be seen that in 
each test but one, the inoculated brain to 
brain passage virus had a higher intracerebral 
titer than the tumor to tumor passage so that 
the tumor destructive ability of the latter 
virus can not be due to an increase in the 
number of infective virus particles. The titers 
of brain and tumor from animals killed one 
and 3 days after inoculation show no great 
consistency. In general the tumor passage 
virus appears in larger amounts in the tumor 
than does brain passage virus ( 5  of 8 in- 
stances) one day after inoculation, whereas 
3 days after inoculation both passages are 
more apt to be present in nearly equal titer 
( 5  of 8 instances). Obvicvusly the intracere- 
bra1 titer has little bearing on whether a tu- 
mor is destroyed since tumors of animals in- 
oculated 3 days previously with brain to brain 
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TABLE T I .  Effect of Iao~ulat ion of Brain to Brain Passage Virus and Tumor to Tumor Passage Virus 
on the Tiability of Saaooma 180 in Tissue Culture. 

3 4  11r* 48 hr’ 72 hr”  96 li,r* -- .r . <  \ ,- > 
Titer of % tumor 7‘ tunior % tumor % tumor 

virus clestruv- destruc- des true - dsatruc- 
inoc. Titer tion Titer tioii Titer tion Titer tion 

* Incubated a t  3 i ” C .  
t B t o  B indica.teu brain to  brain. 
$ T t o  T indicates tumor t o  tnmor. 
Control tunior pieces es)msed for the s;iiiie lengtlt uf  time in the same medium grew iii 100% of 

Titrations :ind bioassay carried out i3.t 34, 48, 72, and 96 IN. 

the instances. 

passage have high titers and yet the virus 
has no ability to destroy the tumor tissue. 

If the neurotropism of the tumor to tumor 
passage virus were decreased one would ex- 
pect to get some survivors among the pas- 
sage mice. This has happened in scattered 
instances but the total number is not very 
impressive-10 in 349 animals injected. How- 
ever, when one realizes that 0.05 cc of a 10% 
suspension of virus is inoculated (approxi- 
mately 1 ,OOO.OOO,OOO LD.-,,l‘s) any survivors at 
all have special interest. Sone were observed 
in the brain to brain passage. The animals 
which survived with regressions of tumor were 
immune to challenge by fully virulent virus 
and, in most instances, reimplantation of sar- 
coma 180 resulted in failure of the tumor to 
grow. The results of testing 2 of the one to 
2 day sarcoma 180 passages are shown in the 
last 2 experiments in Table I. So far these 
appear to be of the same order as the bi- 
weekly tumor passage and about the same 
number of survivors (14 out of 438) have 
been obtained. It was hoped that in this 
manner the particles of virus having strong 
tumor afinities could be selectively passed. 
One test of the passage after 16 passages 
showed it to be similar to the other tumor to 
tumor passages. 

Tissue culture experiments. Effective de- 
struction of tumor by the Russian virus can 
also take place in tissue culture. Therefore 
the tumor to tumor passage and the brain to 
brain passages were tested by this means to 

see if the differences observed in animals could 
be confirmed. The set up of the test is given 
under Methods. The results obtained are 
given in Table 11. The in vitro experiments 
showed no great difference between the brain 
,to brain and tumor to tumor passages on the 
growth of the sarcoma 180 at  the level of the 
48th passage. However the 107th passage 
showed a difference between them. In this 
instance the tumor to tumor passages tested 
showed a much greater ability to destroy the 
tumor than did the brain to brain passage 
whose ability in this direction appeared to 
have decreased. 

Wagnnr passage virus compared to “stock 
virus.” At regular intervals during serial 
passage, the virus was tested by bioassay ex- 
periments in the manner previously describd 
to ascertain if it had acquired the ability to 
cause tumor destruction. “Stock virus” was 
tested in exactly the same manner each time 
for comparison. A summary of these experi- 
ments is given in Table 111. It is clear that 
the Russian encephalitis virus, by continuous 
growth in a non-susceptible tumor, has been 
changed so that it is now capable of causing 
its destruction. 

Discussion. From the results presented 
two conclusions can be drawn: (1) the on- 
colytic activity of the virus of Russian en- 
cephalitis for a susceptible tumor can be in- 
creased or decreased quantitatively by suit- 
able procedures, ( 2 )  the activity can be modi- 
fied, qualitatively so that i t  will cause destruc- 
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’JUBLE 111. Effect of Intraperbneal Inoculation of WagmT Paasage Virus on Viability of 
Wagmr Tumor Compared to the Pareat Strain. 

If ? fl \ % tumor 
Pawage X o .  i.c.* i.p.t subq.S Tumor Brain destroyed 

Ti i tdon Tiher 
-- 

“St& virus” 
41st passage 
“Stock virus)’ 
55th passage 
“Stock rim’’ 
79th paseage 
“8bock virus’’ 
90th passage 

9.755 
7.5 $ 
8.5 
9.0 
8.5 
9.5 
10.0 
10.0 

7.5 
6.0 
6.0 
7.5 
6.0 
6.0 
8 .o 
6.5 

6.5 
3.5 
6.0 
3.5 
6.5 
1 . 3  

3.0 
3.0 

P -  

6.5 8.0 
6.0 6.0 
8.0 7.5 
8.0 8.5 
6.5 8.0 
8.5 8.5 
6.5 8.0 
7.5 8.5 

0 
20 
8 

64 
0 

100 
0 

100 

* Intracerebral. 
f Intrapmitoneal. 
$ subcuta.m3oua. 
$ Expre2& as the reciprocal of the logarithm of the LDz,o. 

tion of a cytologic type of tumor which was 
originally resistant Ito the parent virus. These 
results were obtained by continuous passage 
of the virus in tumor or in brain tissue for 
relatively long periods of h e .  The changes 
in viral activity which occurred with passage 
were gradual. They show little indication of 
a discontinuous variation (,mutation). Rather 
the product viruses can be looked upon as 
adaptive variants of the parent strain. They 
have retained their ability to attack nervous 
tissue and have changed only in their destruc- 
tive capacity for tumor. 

Viruses are well known for their capacity to 
vary with respect to the type of tissue which 
they can invade and injure. An understand- 
ing of the mechanism by which this takes 
place awaits fulrther work on virus-host rela- 
tionships but we can speculate on some of the 
possibilities, with reference to the present re- 
sults with the strains. 

If one thinks of a-virus population as con- 
taining a number of variant panticles, and 
there appears to be much evidence for this 
concept ( 5 ) , it is conceivdble that the above 
results were the result of selection. Accord- 
ing to Ithis interpretation the particles respon- 
sible for the neurotropism of the virus would 
have remained constant in number while the 
ones responsible for the tumor effect would 
have increased or decreased. 

.hother possibility resides in the make-up 
of the virus itself. At one point virus re- 

5 .  Ginsberg. H., and Horsfall, F., J .  Exp.  Med., 
- 

1949, v90, 393. 

produces itself within the tumor without in- 
jury to its host cells. After long passage in 
that tissue the ability to destroy it is ac- 
quired by the virus. The transition is a 
gradual one. The process is reminiscent of 
the acquisition, by other forms, of the capacity 
to metabolize substrates after many genera- 
tions of contact with thm(6) .  I t  is con- 
ceivable that there exist in certain neoplastic 
cells specific components required for the ana- 
bolic proc:esses of their reproduction. These 
may well be of the nature of nucleic acid pre- 
cursors(7)’ and may be similar to those re- 
quked by viruses( 8). By continuous growth 
in a medium containing these components the 
virus may achieve the capacity for metaboliz- 
ing one #of them which is essential for the 
growth of the tumor cell. In this fashion a 
minor adaptive variation could endow a virus 
with oncolytic properties. 

Still another possible explanation for the 
observed results may be offered. I t  has been 
shown that variant viruses may have different 
rates of growth(5) and it may be that the 
tumor trophic viruses become more rapidly 
adsorbed to the susceptible cell or that they 
may multiply more rapidly within the cell. 

Summary. By continuous passage in the 
transplantable mouse tumor sarcoma 180 it 
has been possible to increase the ability of 
the virus of Russian encephalitis to destroy 

6. E.ph.xssi, B., Harvey Lecture, October 26, 1950. 
7. Bentlich, A., Furst, S. S., and Brown, G. B., J .  

8. Evans, E. A. Jr., B a t .  Rev., 1950, v14, 210. 
Biol. Chem., 1950, v185, 423. 
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this tumor. Conversely, continuous passage 
in the mouse brain resulted in a loss of on- 
colytic activity. In other experiments the hitherto resistant tumor. 

continuous passage in the Wagnar osteogenic 
sarcoma so that it caused destruction of this 

virus Of Russian was changed by Received March 8, 1951. P.S.E.B.M., 1951, ~ 7 6 ,  

Delay of the Early Inflammatory Response by Cortisone." (18620) 

MAX MICHAEL, JR. AXD C. JIERRILL WHORTON. (Introduced by P. B. Beeson) 
From the Lawson V.4 Hospital, Chaniblee, Ga., and the Departments of Medicine and PathoZogy, 

Emory University School of Medicine, Atlanta, Ga. 

Experimental and clinical observations ( 1 ) 
have shown that cortisone and ACTH alter the 
course of bacterial infections, usually having 
an adverse effect on the host. The inhibitory 
effect of these substances on the development 
of granulation ltissue ( 2  ) has suggested to 
some that disruption of this phase of tissue 
reaction might explain these observations. 
However, since granulation tissue containing 
its new blood vessels, fibroblasts, and ground 
substance develops late in the sequence of 
body defense against infection, it was thought 
advisable to explore t,he effects of cortisone 
on the earliest tissue phases of the acute in- 
flammatory reaction. Croton oil was used 
as an irritant to incite a cutaneous inflam- 
matory reaction similar to that produced by 
many bacteria. 

Xaterials and methods. White Kew Zea- 
land rabbits weighing 2 kg were used. The 
skin of Ithe abdomen was prepared with fine- 
tooth, animal clippers 24 hours before the 
esperiment was commenced. Cortisone was 
given in single daily doses of 12.5 mg intra- 
muscularly, beginning 24 hours before the 
inflammation was produced. Two drops of 
croton oil were placed on each of 6 separate 

* Reviewed in the Veterans .4dministration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions pub- 
lished by the authors are the result of their own 
study and do not necessarily reflect the opinion or 
policy of the Yeterans -4dministration. 

1.  Michael, Mas, Jr., Sozcth. Mcd.  J., in press. 
2. Ragan, C., Howes, E. L., Plotz, C. M., Meyer, 

K., and Blunt, J. W., PROC. Soc. EXP. Bsor,. AND 
MED., 1949, v72, 718. 

sites on the shaved skin of the abdomen. Four 
longitudinal and 4 horizontal scratch marks, 
each approxima'tely 2 cm in length, were made 
with a cutting needle through the oil: the 
scarified area was then rubbed with a glass 
rod. Paired biopsies of control and of corti- 
sone-treated animals were made at  frequent 
intervals under intravenous nembutal anes- 
thesia. The sections were fixed in Zenker's 
solution and stained with phloxline methylene 
blue. T'he observations reported here are 
based on four lesions on each of 16 animals. 
8 of which received cortisone. 

Results. Because of the difficulty in pro- 
ducing uniform trauma at  each site of scari- 
fication, the degree of the inflammatory re- 
sponse in the multiple areas of trauma of the 
same animal was slightly variable. There was 
also slight variation in response in different 
animals similarly treated. However. the in- 
flammatory reaction in animals given corti- 
sone was significantly and uniformly less in- 
tense than that in (the controls. 

Gross changes. In  animals not given corti- 
sone, the lesions became faintly erythematous 
within 20 minutes after application of the 
trauma. By 4 hours these had assumed an 
intense purplish coloration. Edema was 
marked by 8 hours. By 24 hours necrosis 
was obvious, and eschar formation had begun. 
On the other hand, in Ithe animals given corti- 
sone, the erythema could not be detected until 
a t  least 2 hours following scarification through 
croton oil. In these animals, the purplish 
discoloraltion appeared only after 12 to 18 
hours and then was confined to the scratch 
marks. Edema was less than in t3he controls, 


