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Superinfection of Tumors with Viruses

The use of oncolytic viruses for the destruction of
malignant tumors is based on the cytocidal effect of the
virus undergoing full infectious cycles of replication
within the tumor cells? 2. Viruses with frank or potential
neurotropism have proved to be most damaging to tu-
mors® %, Viruses that replicate in the cytoplasm and leave
the host cells by a budding process seldom cause imme-
diate cell death; virus-infected cells may survive and
continue to release virus. Thus, virus-carrier tumor cells
may be established. The weak histoincompatibility of
tumor cells may be reinforced by the added antigenicity
of the superinfecting virus and an enhanced tumor rejec-
tion may thus be elicited. In the system established by
LinpeENnMaNN and KrLEIN3, a neurotropic influenza virus
destroyed ascitic Ehrlich carcinoma cells in mice genet-
ically resistant to the virus. Survivors of the oncolytic
process exhibited strong immunity to challenge with
tumor cells. Eaton et al.® demonstrated oncolysis of
Gross leukemia virus carrier lymphoma cells by New-
castle disease virus (NDV). Preimmunization of mice with
NDV increased the rate of rejection of challenging lym-
phoma cells that carried NDV antigen.

Materials and methods. Malignantly transformed cul-
tures of murine cells harboring an attenuated mouse
leukemia virus were used?” . These cells grow as sarcoma
in mice. Tumor-bearing mice do not develop leukemia.
Young adult mice may reject such tumors, if fewer than
103-7 cells are inoculated. Mice inoculated at birth suc-
cumb to continuous tumor growth. A neurotropic variant
of the RO California strain of NDV?® was used to super-
infect tumor cells. This virus undergoes full infectious
cycles of replication in the brain of new-born mice causing
fatal encephalitis. In adult mice inoculated intracerebrally,
‘toxic encephalopathy’ but no infectious replication of
this virus occurs.

Resulis and discussion. Table I summarizes 4 ex-
periments performed with non-inbred Timco Swiss
mice. In the first experiment, malignantly transformed
leukemia virus carrier cells of Timco Swiss murine tissue
culture line No. 479 were superinfected with NDV and
passaged once in vitro. Three groups of new-born mice
were inoculated i.p. with 10%7 live cells per mouse.
The first group received the cells without superin-
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fection with NDV. The second group received cells
superinfected with NDV and suspended in heat-inacti-
vated mouse serum containing NDV-neutralizing anti-
bodies. The third group was given cells superinfected
with NDV and suspended in normal mouse serum. The
second group of mice received 2 additional doses of anti-
NDV immune serum; the third group was treated twice
with normal mouse serum. Mice of the second group
succumbed to tumors faster than those of the first and
third group. Mice of the third group displayed a pro-
longed course of tumor growth. A statistical analysis
using the Wilcoxon test clearly shows that group 1 and
group 2 differ significantly (P = 0.00034); also signifi-
cantly different are group 1 and group 3 (P = 0.016) and
group 2 and group 3 (P = 0.00054). In the second experi-
ment, 10-day-old mice were inoculated i.p. with cultured
cells of a tumor that originated in mice after inoculation
with No. 479 cells (protocol No. 1078). Culture No. 1078
was passaged in vitro twice, both as superinfected with
NDV and not superinfected sublines. Mice inoculated with
1043 cultured cells of the NDV-superinfected subline
succumbed to tumors earlier than those inoculated with
cells of the subline not superinfected. The blood serum of
2 mice of the group inoculated with NDV-superinfected
cells fully neutralized the 10— dilution of NDV containing
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Table I. Length of life and occurrence of tumor in mice inoculated with neoplastic tissue culture cells with or without superinfection with NDV

Experiment Material inoculated Mice inoculated Average
No. day of
Age Total Found Found death
with tumor without tumor
1 No. 479 cells Nb 9 9 0 44.7 (42-49)
No. 479 cells + NDV + imm serum Nb 9 9 0 35.4 (34-40)
No. 479 cells + NDV 4 norm serum Nb 8 8 0 55 (42-71)
2 No. 1078 cells Suckl 4 4 0 71 (24-119)
No. 1078 cells + NDV Suckl 6 6 0 30.5 (24-39)
3 No. 1078 cells Nb 5 3 0 21.4 (21-23)
No. 1078 cells + NDV Nb 7 0 30.7 (22-40)
4 No. 1078 cells Nb 10 10 0 26 (killed)
No. 1078 cells + NDV Nb 16 13 3 26 (killed)

Nb = new-born; Suckl = 10-day-old.

Passage 138 of culture No. 479 was used; both malignant transformation of cultured cells and attenuation of leukemia virus occurred after

the 100th passage”®,
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Table I1I. Oncolytic effect of VSV on a murine lymphoma
Experiment Tumor No. of cells Super- Mice dead with lymphoma Average Mice rejecting Total:
No. cells inoculated infecting (day of death of day of lymphoma (day  Lymphoma
per mouse virus individual mice) death individual mice  inoculated
found healthy)
1 No. 620 approx. 108 19 20 20 21 47 69 32.6 - 6/6
No. 620 approx. 108 NDV 19 28 47 47 35.2 218 4/5
2 No. 620 approx. 106 27 28 29 30 30 26.8 ~ 5/5
No. 620 approx. 108 VSV 29 30 29.5 188 188 188 2/5
3 No. 818 1058 17 17 17 17 18 34 20 - 6/6
No. 818 1058 VsV 17 17 28 20 216 216 3/5
No. 818 1052 NDV 4 13 18 20 54 21.8 - 5/5
4 No. 818 1057 15 15 15 15 15 17 18 15.7 - 7/
No. 818 1057 VsV 17 22 23 41 25.6 224 224 224 47

brain extract of newborn mice (approximately 10%7 LDy,
of NDV), whereas serum of 2 mice of the group inoculated
with cells of the not superinfected culture No. 1678 failed
to neutralize NDV. In the third experiment, new-born
mice were inoculated i.p. with 10° cells of culture No. 1078,
either with or without superinfection with NDV. 4 mice
succumbed presumably to encephalitis within 3 days after
inoculation in the group receiving NDV-superinfected
cells. Death from tumors was delayed in the group ino-
culated ‘with NDV-superinfected cells. The statistical
difference between these 2 groups is significant (P =
0.006). In the fourth experiment, new-born mice were
inoculated with 1033 NDV-superinfected and non-
superinfected cells of culture No. 1078, respectively.
Six 2-day-old mice died presumably from encepha-
litis, in the group inoculated with NDV-superinfected
cells. 26 days later, when the first deaths from tumor
growth occurred, all mice were killed. Mice inoculated
with not superinfected cells all had large tumors. 3 of
16 mice inoculated with cells superinfected with NDV
were Iree of tumors; 13 mice had tumors but the neo-
plasms were smaller than those in the control group.

These experiments suggest that (1) slower tumor
growth in vivo caused by superinfection of the inoculated
cells with NDV may occur; and (2) accelerated tumor
growth in mice inoculated with NDV-superinfected neo-
plastic cells also may occur. The latter effect may be cor-
related with the presence of antibodies directed against
NDV; these antibodies either may be added to the system
or produced by the host. The faculty of specific antibody
production may not be fully operative in mice at birth;
cell-mediated immune reactions, however, may be acti-
vated already at birth, because these latter faculties of
immunity appear earlier both phylo- and ontogenetically
than those of specific antibody production!® 1!, Tumor
growth facilitation in the presence of anti-NDV antibody
may be explained by ‘immunological enhancement’, a
phenomenon thought to be antagonistic to cell-mediated
tumor rejection !

Table II shows that a leukemia virns (Rauscher)
producing murine lymphoma (protocol No. 620)%#% and
an established culture of lymphoblasts deriving from this
lymphoma (protocol No. 818) %8 were not inhibited signifi-
cantly by NDV when the virus was incubated for 1h
at 37°C with the cells before inoculation into 3-week-old
mice. However, vesicular stomatitis virus (VSV) exerted
detectable oncolytic effect. All those mice found without
tumor at 188, 216 and 224 days aifter inoculation of

lymphoma cells and VSV did show tumor growth 1 month
after inoculation. These tumors were rejected, whereas
mice receiving only lymphoma cells, failed to reject the
tumor.

These studies remain incomplete, because as yet no
answer has been provided to the following questions:
(1) Does NDV replicate in the cultured malignant cells?
(2) Does the decreased growth rate of some NDV-super-
infected tumors occur on account of an immune rejection
by the host, or is it due to subtle cytopathic damage by
the superinfecting virus ? (3) Was the accelerated growth
of some NDV-superinfected tumors due to ‘immunocl-
ogical enhancement’? Indirect evidence indicates NDV
antigens present in tumor cells, because tumor-bearing
young adult mice were shown to produce antibody
neutralizing NDV. Conversely, release of neurotropic
virus from these cells should be minimal, because only a
few new-born mice died, presumably because of ence-
phalitis,within the first few days after inoculation. Neither
inhibition of growth nor cytopathic effects were observed
in vitro in cultures superinfected with NDV 13,

Zusammenfassung. Neoplastische Gewebskulturen, infi-
ziert mit einem Miuselenkdmievirus, wurden entweder
mit «Newcastle Disease Virus» oder mit «Vesiculare Sto-
matitis Virus» superinfiziert; die Zellen zeigten beschleu-
nigte oder verlingerte Wachstumsraten, wenn sie in den
urspriinglichen Mausestamm injiziert wurden.
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