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Interferon preparations inhibit the multi-
plication of murine tumor and normal cells in
culture (1-7). The evidence that interferon
is the responsible factor is based on the con-
stant correlation between the antiviral and
anticell division activities of a given prepara-
tion (1, 4, 6), and the finding that cell lines
resistant to the antiviral activity of inter-
feron are also resistant to the effect of inter-
feron on cell multiplication (4, 6). However,
since the interferon preparations used were
semipurified it might still be argued that the

effect of interferon on cell multiplication was
due to a factor closely related, but distinct
from interferon. Indeed Borecky and co-
workers (8) reported “that the cell inhibitory
and the virus inhibitory (interferon) activi-
ties can be separated” by electrophoresis in
polyacrylamide gel. We report herein inhibi-
tion of L 1210 cell multiplication by five
highly purified interferon preparations pre-
pared by different techniques in 3 labora-
tories. Moreover quantitative comparisons of
the antiviral activity of a given interferon

TABLE 1.

Laboratory
origin of
Interferon

Code
Reference

Production and purification of
mouse interferon

Interferon
sp act
(units/mg protein)

Ref.

G.Bodo 1 (B-1)

Lgss cells 4 NDV, concd by ZN

acetate, chromatography on SE

Sephadex C-25

G. Bodo 2 (B-2)

(10,11 2 % 10°

L cells + NDV, concd by ZN acetate,

3 chromatographic steps on SP-
Sephadex C-25, DEAE-cellulose,

and CM Sephadex C-25
L cells -+ NDV, concd by ultra-

K. Paucker 1 (P-1)

(10,11 1% 107

filtration, chromatography on
SE-Sephadex, electrophoresis on
-~ polyacrylamide gel pH 4.3,

T«

+ ‘“‘acid” pool

K. Paucker 2 (P-2)

(12-14) =11 x 107

L cells 4 NDV, concd by ultra-

filtration, chromatography on SE-
Sephadex, electrophoresis on

polyacrylamide gel pH 4.3,

“alkaline” pool
W. Stewart (S

(12-14) =1.6x 107

L cells 4 MM virus, selective

precipitation by ammonjum
sulfate at pH 2, concd by ultra-
filtration, chromatography on CM

Sephadex

(15,16) 1 x 107
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F1c. 1. Effect of highly purified interferon prep-
arations on the multiplication of murine leukemia
L 1210 cells in nonagitated suspension cultures:
(x) untreated cells; (A) interferon B-2, 640
units/0.2 ml; (O) interferon P-1, 640 units/0.2 ml;
(®) interferon P-2, 640 units/0.2 ml.

preparation and the inhibitory activity on
cell multiplication using a recently developed
sensitive assay (9) adds strong evidence that
interferon itself is indeed responsible for both
effects.

Materials and Methods. The source of in-
terferon preparations, the techniques used in
their purification and their specific activities
(expressed in N.L.H. international reference
units) are listed in Table I. The antiviral
activity and the inhibitory activity on cell
multiplication of each interferon preparation
were undertaken concomitantly in the same
laboratory. For convenience the inhibitory

effect of interferon on cell multiplication will
be referred to as the anticellular effect, al-
though it is understood that the “antiviral
effect of interferon” is also cell mediated. The
antiviral activity was assayed by determining
the inhibition of vesicular stomatitis virus
(VSV) plaques on monolayer cultures of L
cells using standard techniques. The tech-
niques used in determining the anticellular
effect of interferon either by daily cell counts
of mouse leukemia L 1210 cells in nonagi-
tated suspension cultures (3-5), or by de-
termining the 50% reduction of L 1210 cell
colony formation in agarose (9), have also
been previously described.

Resuits and Discussion. As shown in Fig.
1, three different highly purified interferon
preparations each diluted to contain 640 in-
terferon units/0.2 ml inhibited the multi-
plication of L 1210 cells in nonagitated sus-
pension cultures.

Figure 2 presents the results of the deter-
mination of the antiviral activity of each in-
terferon preparation expressed as the inhibi-
tion of the number of VSV plaques and the
determination of the anticellular effect ex-
pressed as the inhibition of L 1210 cell col-
ony formation by interferon dilutions incor-
porated in the agarose nutrient base (9).
In each instance, highly purified interferon
preparations inhibited L. 1210 cell colony for-
mation. The dose-response curves of the anti-
cellular and antiviral activities of a given
preparation were found to be parallel indi-
cating a close relationship between the two
actions of interferon. The anticellular titer
of the interferon (as determined by the 50%
reduction in colony formation) was somewhat
lower than the antiviral titer (as deter-
mined by the 50% reduction in viral plaques).

Two other types of experiment further
demonstrated the parallelism between the an-
tiviral and anticellular activity of interferon.
Figure 3 shows that the kinetics of the ap-
pearance of the anticel'ular activity of inter-
feron paralleled the kinetics of the appearance
of the antiviral activity. Figure 4 shows that
the curves of thermal inactivation of the anti-
cellular and antiviral activities of a semi-
purified cell culture preparation were also
parallel.

It seems worth emphasizing the marked
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F1c. 2. Determination of the activity of five highly purified interferon preparations by inhibition
of vesicular stomatitis virus plaques in L cells (O—), or by inhibition of L 1210 cell colony forma-
tion in agarose (@—); see Table I for identification of interferons B-1, B-2, P-1, P-2, and S.

inhibitory activity of interferon on cell mul-
tiplication since in some experiments a potent
preparation could be diluted 256,000-fold in
agarose and still inhibit by 50% the forma-
tion of L 1210 cell colonies. At this dilution
there were less than 4 ng of interferon pro-
tein in the agarose. (The exact amount can
not be determined since even purified. in-
terferon is not pure).

The highly purified interferon prepara-
tions used in these experiments are to the
best of our knowledge among the purest, if
not the purest mouse interferon preparations

available, exhibiting a specific activity of 107
units/mg protein. Since these different pre-
parations inhibited the multiplication of L
1210 cells in suspension cultures and in aga-
rose, and their activity closely paralleled the
antiviral activity, it seems reasonable to con-
clude that interferon itself can inhibit cell
multiplication.

Summary. Highly purified mouse interferon
preparations prepared by different techniques
in different laboratories inhibited the mul-
tiplication of mouse leukemia L 1210 cells.
The dose-response curves of the antiviral
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Fic. 3. Monolayer cultures of L cells were inocu-
lated with ultraviolet irradiated NDV to induce the
production of interferon. At the times indicated
aliquots of the cell culture medium were harvested
and treated at pH 2 for 6 days. The antiviral (O)
and anticellular activities (®) of these aliquots
were determined.
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Fic. 4. Effect of incubation at 60° on the anti-
viral activity (O) and on the anticellular activity
(®) of a semipurified mouse cell culture interferon
preparation.

activity of interferon and the anticell multi-

- plication activity using a sensitive assay

were parallel. Likewise, the kinetics of the
appearance of the factor responsible for both
activities and the curves of thermal inactiva-
tion of this factor were also parallel. It seems
reasonable to conclude that interferon itself
can inhibit cell multiplication.

1. G. is deeply indebted to Dr. Sidney Farber,
Director of the Children’s Cancer Research Founda-
tion, Beston, MA for his continued interest and
support. K. P. acknowledges the aid of NSF Grant
No. G. B.-26515. M. T. is the recipient of an EMBO
fellowship.

1. Paucker, K., Cantell, K., and Henle, W., Virol-
ogy 17, 324 (1962).

2. Paucker, K., and Golgher, R. R., L’interféron,
Colloq. Inst. Nat. Santé Recherche Méd. 6, 119
(1969).

3. Fontaine-Brouty-Boyé, D., Gresser, I., Macieira-
Coclho, A., Rosenfeld, C., and Thomas, M. T., C.
R. Acad. Sci. 269, 406 (1969).

4. Gresser, I, Brouty-Boyé, D., Thomas, M. T,
and Macieira-Coelho, A., Proc. Nat. Acad. Sci. U.S.A.
66, 1052 (1970).

5. Gresser, I, Brouty-Boyé, D., Thomas, M. T,
and Macicira-Coelho, A, J. Nat. Cancer Inst. 45,
1145 (1970).

6. Lindahl-Magnusson, P., Leary, P., and Gresser,
1., Proc. Soc. Exp. Biol. Med. 138, 1044 (1971).

7. O’'Shaughnessy, M. V., Lee, H. S., and Rozee,
K. R, Can. J. Microbiol. 18, 145 (1972).

8. Borecky, L., Fuchsbeiger, N., Zemla, J., Stancek,
D., and Lackovic, V., Proceedings of the Interna-
tional Colloquium on Interferon and Interferon In-
ducers; Louvain, Belgium, (1971), in press.

9. Gresser, I., Thomas, M. T. Brouty-Boyé, D.
and Macieira-Coelho, A., Proc. Soc. Exp. Biol. Med.
137, 1258 (1971).

i0. Bodo, G., Monatsh. Chem. 99, 1 (1968).

11. Bodo, G., Palese, P., and Lindner, J., Proc.
Soc. Exp. Biol. Med. 137, 1392 (1971).

12. Paucker, K., Berman, B. J., Golgher, R. R,,
and Stanek, D., J. Virol. 5, 145 (1970).

13. Stanéek, D., and Paucker, K., Ann. N.Y. Acad.
Sci. 173, 427 (1970).

14, Stan&ek, D., and Paucker, K., Appl. Microbiol.
21, 1067 (1971).

15. Stewart, W. E., II, Gosser, L. B., and Lockart,
R. Z., J. Virol. 7, 792 (1971).

16. Knight, E,, and Stewart, W. E. II, unpub-
lished data.

Received Sept. 8, 1972. P.S.E.B.M.,, 1973, Vol. 142,



