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In human cell cultures the ability of poxviruses to rescue vesicular stomatitis
virus from human interferon-induced resistance was significantly more efficient
than the ability to rescue it from simian interferon-induced resistance. The
sensitivity of the poxvirus to interferon was not related to its ability to rescue
vesicular stomatitis virus.

Previous reports have shown that vaccinia is
able to rescue vesicular stomatitis virus (VSV)
from homologous interferon-induced resistance
in mouse (L) and rabbit (RK-13) cell cultures

origin to determine the ability of vaccinia and
Shope fibroma virus to rescue VSV from human
and simian (heterologous) interferon-induced
resistance. Shope fibroma virus was included in

TABLE 1. Rescue ofVSVfrom human or simian interferon-induced resistance in HeLa cells by superinfection
with the poxuirusese

Source of inter- Virus infection (MOI = 5) Virus yieldferon ~~~~~~~~~~~~~~~~~~~~~Foldin-
crease over

Expt group ShFV VACC VSV maximally
HEp-2 BGM ShFV VACC VSV inhibited
cellsb cellsb PFU/ml log' PFU/ml log,' PFU/ml o1g,, control

drop drop PF/ldrop
1 - - + - - 3.0 x107
2 + - + - 2.0 x 107 0.1
3 - + + - - 2.1 x 107 0.1

4 - - - + - 3.0x 106
5 + - - + - 2.0x 1060.1
6 - + - + -m 1.7x 106"0.2

7 - - - - + 1.4 x1051
8 + - - - + 2.5 x104 3.7
9 - + - - + 2.2 x104 3.8

10 - - + - + 1.2 x108
11 - - - + + 1.0 x108,

12 + - + - + 5.5 x10'i 220
13 + - - + + 1.5 x 107 600

14 - + + - + 6.0 x101 27
15 - + - I+ I+ 4.5 x10-1 20

a Abbreviations: MOI, Multiplicity of infection; BGM cells, African green monkey kidney cell cultures;
ShFV, Shope fibroma virus; VACC, vaccinia; VSV, vesicular stomatitis virus; PFU, plaque-forming units.

b Experiment using 400 units per culture.

(3-5). This paper reports the results of experi-
ments carried out in three cell lines of human

I This paper is dedicated to Dr. Felix Milgrom of this
institution on the occasion of the 30th anniversary of his
research activities.

these studies in an attempt to rule out the
possibility that the rescue phenomenon is re-
stricted only to vaccinia virus. Results pre-
sented indicate that interferon sensitivity of
the poxviruses and its ability to rescue VSV
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from interferon-induced resistance are not re-
lated. This is in contrast to the results reported
earlier with vaccinia in primary chicken em-
bryo cells (3). Furthermore, evidence is pre-
sented to show that the ability of the poxvirus
to rescue VSV in a given host cell depends on

the type of interferon used to induce the resist-
ance.
The three cell lines of human origin were

grown in Eagle minimal essential medium plus
10% fetal calf serum. Human and simian inter-
ferons were prepared in HEp-2 and African
green monkey kidney cell cultures, respec-
tively, using Newcastle disease virus as the
inducer (2). All interferon preparations were
treated at pH 2 for 7 to 10 days and stored at
-70 C. Interferon was assayed in homologous
cells by the semi-microassay procedure of Arm-
strong (1), using VSV as the challenge virus.
The titer (unit) was defined as the reciprocal of
the highest dilution of interferon preparation
that gave 50% protection to cells per culture
against VSV. Double-infection experiments
were carried out with appropriate virus as de-
scribed in detail elsewhere (3, 4). Virus yields
were assayed for plaque-forming units as de-
scribed previously (5). Significant rescue of
VSV represented a more than 10-fold increase

in VSV yield in interferon-treated cells doubly
infected with VSV and a poxvirus as compared
to VSV yield from interferon-treated cells in-
fected with VSV alone.
The results presented in Table 1 show that in

HeLa cells both Shope fibroma virus and vacci-
nia were resistant to inhibition by human or
simian interferon (Table 1, compare group 1 to
2 and 3; 4 to 5 and 6). In contrast, VSV yield was
reduced by more than 3 logs in cultures treated
with either human or simian interferon (Table
1, compare group 7 to 8 and 9). No significant
facilitation of VSV yield was observed in non-
interferon-treated cells doubly infected with
VSV and a poxvirus (Table 1, compare group 7
to 10 and 11). Both the poxviruses were able to
rescue VSV from human interferon-induced re-
sistance as indicated by a 220- and 600-fold
increase in VSV yield, respectively, as com-
pared to yield from interferon-treated cultures
infected with VSV alone (Table 1, compare
group 8 to 12 and 13). The ability of the poxvi-
ruses to rescue VSV from simian interferon-
treated cells was 88 to 97% less efficient as
indicated by a 27- and 20-fold increase in VSV
yield (Table 1, compare group 9 to 14 and 15).
This difference in the ability of the poxviruses
to rescue VSV from human and simian inter-

TABLE 2. Rescue ofVSV from human or simian interferon-induced resistance in human fetal tonsil cells by
superinfection with the poxviruses"

Source of inter- Virus infection (MOI = 5) Virus yield Fold inferon Fl n
- ~~~crease over

Expt group ShFV VACC VSV maximally
HEp-2 BGMM - inhibited
cellsb cells" V vacc VSV PFU/ml logmtiPFU/ml logPUPFU/ml logo control

_________drop drop dropculture.
1 - - + - - 2.2. x101
2 + - + - - 1.3 x101~0.2
3 - + + - - 2.5 x10-50.9

4 - - - + - 5.5 x 105,
5 + - - + - 1.8x 1050.5
6 - + - + - 6.5 x104 0.9

7 - - - - + 6.0 x108
8 + - - - + 2.5 x105 3.3
9 - + - - + 1.4 x l10- 3.6

10 - - + - + 9.0X 107
11 - - - + + 8.5x 107

12 + - + - + 1.0X 107 40
13 + - - + + 1.0X 107 70

14 - + + - + 1.5x 105 0
15 - + - I+ + 8.0x 104 0

a Abbreviations: MOI, Multiplicity of infection; BGM cells, African green monkey kidney cell cultures;
ShFV, Shope fibroma virus; VACC, vaccinia; VSV, vesicular stomatitis virus; PFU, plaque-forming units.

IExperiment using 400 units per culture.
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TABLE 3. Rescue of VSV from human or simian interferon-induced resistance in HEp-2 cells by
superinfection with the poxviruses"

Source of inter- Virus infection (MOI = 5) Virus yield Fold in-feron Fl n
crease over

Expt group ShFV VACC VSV maximally
HEp-2 BGM ShFV VACC VSV inhibited
cells" cellsb PFU/mllog400 PFU/mllogp, PFU/ml log, control

drop drop drop
1 - - + - - 1.3 x107
2 + - + - - 1.8 x107 0.0
3 - + + - - 1.8 x107 0.0

4 - - - + - 1.2 x10"~
5 + - - + - 9.0 x101~0.1
6 - + - + - 9.5 x 10- 0.0

7 - - - - + lO0xiOx1
8 + - - - + 1.9 x101~ .8
9 - + - - + 1.1 x101~2.0

10 - - + - + 1.5 x10x1
11 - - - + + 1.6 x1081

12 + - + - + 3.2 x107 16
13 + - - + + 6.8 x107 35

14 - + + - + 1.2 x107 10
15 - + - + + 7.6 x10" 7

a Abbreviations: MOI, Multiplicity of infection; BGM cells, African green monkey kidney cell cultures;
ShFV, Shope fibroma virus; VACC, vaccinia; VSV, vesicular stomatitis virus; PFU, plaque-forming units.

b Experiment using 400 units per culture.

feron-induced resistance was further evident in
human fetal tonsil cells (Table 2). Both the
poxviruses were relatively more resistant to
inhibition by human interferon as compared to
inhibition by simian interferon (Table 2, com-
pare group 1 to 2 and 3; 4 to 5 and 6). In
contrast, VSV was equally inhibited by more
than 3 logs in cultures treated with either hu-
man or simian interferon (Table 2, compare
group 7 to 8 and 9). No significant facilitation of
VSV yield was noted in non-interferon-treated
cells by either of the poxviruses (Table 2, com-
pare group 7 to 10 and 11). Both the poxviruses
were able to significantly rescue VSV from hu-
man interferon-treated fetal tonsil cells (Table
2, compare group 8 to 12 and 13), whereas no
significant rescue was observed in simian inter-
feron-treated cultures (Table 2, compare group
9 to 14 and 15). The possibility cannot be ruled
out that in HeLa and fetal tonsil cells a different
resistance factor(s) for VSV may be induced by
human and simian interferons. Similar experi-
ments carried out in HEp-2 cells show that
although the poxviruses are resistant to inhibi-
tion by either human or simian interferon, they
differ in their ability to rescue VSV (Table 3,

compare group 8 to 12 and 13; 9 to 14 and 15).
The results presented above show that in the

three human cells tested, the sensitivity of the
poxvirus to interferon is not directly related to
its ability to rescue VSV. This is in contrast to
the results obtained in primary chicken embryo
cells, where the inability of vaccinia to rescue
VSV was attributed to the sensitivity of vacci-
nia to chick interferon (3). The rescue ofVSV in
the human cell system described above, using
homologous and heterologous interferons, pro-
vides a valuable tool in studying the mecha-
nism involved in the rescue phenomenon.
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