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Although interferon is best known for its 
antiviral effects, it has also been shown to 
inhibit the growth of a variety of primary, 
established, malignant and embryonic cell 
lines and strains (1-6). However, very little 
work has been done to determine when mam- 
malian embryos and embryonic cells become 
sensitive to the antiproliferative effects of in- 
terferon. consequently, the experiments to be 
reported here were undertaken to character- 
ize the time at which these effects become 
manifest during early mouse development. 
We have found that the growth and devel- 
opment of preimplantation mouse embryos is 
not affected by exogenous interferon and that 
sensitivity to the antiproliferative effect of 
interferon is first detectable in cells from 8- 
day embryos and becomes significant in cells 
from 10-day embryos. 

Materials and methods. Mouse interferon 
induced in vitro by Newcastle disease virus in 
C-243-3 mouse cells (7) was obtained from 
Litton Bionetics, Inc. (lot # 23 1-41-3), as was 
mock interferon (lot # 231-67-5) prepared 
from nonidected cells by the same proce- 
dure. The stated potency of the interferon 
preparation was lo6 units per ml. However, 
when compared with NIH freeze-dried ref- 
erence mouse interferon (G-002-904-5 1 1) by 
the VSV plaque reduction assay (8), 1000 
units of the Litton Bionefics interferon had 
the same potency as 336 units of the reference 
standard. According to the manufacturer the 
protein concentration of the preparation, ex- 
cluding the added fetal calf serum is 16.8 
mg/ml. Therefore the specific activity of the 
interferon is 2 X lo4 NIH mouse reference 
standard units/mg protein. All results in the 
present study are given in terms of NIH 
mouse reference standard units and represent 
fmal concentrations. Mock interferon, al- 
though devoid of activity, is also quantitated 
in "units" to indicate the equivalence with 
the active interferon preparation of all con- 
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stituents other than interferon itself. 
Preimplantation mouse embryos were ob- 

tained from superovulated Swiss-Webster 
mice and cultured in modified Whitten's me- 
dium under oil in 5% COz in air at 37" (9, 
10). Two-cell embryos were obtained 1.5 days 
after mating and 8-16 cell embryos 2.5 days 
after mating. Inner cell masses (ICMs) were 
prepared by immunosurgery (complement 
dependent antibody mediated lysis of tro- 
phectoderm) using a rabbit anti-mouse serum 
and guinea pig complement (GIBCO) (1 1). 

To determine incorporation of [3H]thymi- 
dine, the embryos of ICMs grown in the 
presence of interferon were washed in culture 
medium and incubated for 4 hours in fresh 
medium with 5 pCi/ml [3H]thymidine pre- 
pared by diluting stock [3H]thymidine (10 
pCi/ml, 2.1 Ci/mmole) 1:l with 2 x concen- 
trated medium containing interferon, mock 
interferon, or PBS. The embryos or ICMs 
were then washed 10 times in medium, trans- 
ferred to small tubes containing 50 pg carrier 
DNA in 0.5 ml water, and frozen at -70" 
until assayed. The DNA was precipitated 
with 2 ml5% trichloracetic acid for 30 min at 
Oo, the precipitates collected on glass fiber 
disks (Whatman GF/C) and prepared for 
scintillation counting as described previously 

Cell cultures were prepared from 7 to 17 
day Swiss-Webster mouse embryos. The em- 
bryos were removed in a sterile manner, 
washed in PBS, and either minced with scis- 
sors or forced through the hub of a 10 ml 
syringe (after removal of heads and limbs, if 
necessary) into an extraction flask containing 
a Teflon-coated stirring bar. The dispersed 
embryos were washed twice with stirring in 
warm PBS for 3 min and the wash solutions 
decanted. They were then dissociated 3 or 4 
times for 5 to 10 min each in a PBS-0.05% 
trypsin-0.02% EDTA solution. The separated 
cells were plated in 35 mm culture dishes at 
a density of 5-7.5 x lo4 cells per dish in 1 ml 
of Dulbecco's modification of Eagle's mini- 

(12). 
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ma1 essential medium with 10% fetal calf 
serum, penicillin (100 units/ml'), streptomy- 
cin (100 mg/ml), and amphotericin B (2.5 
mg/ml) in 5% COz in air at 37'. If the cells 
were not used immediately for assay as pri- 
mary cultures, the medium was changed after 
3 days. The cultures were harvested with the 
saline-trypsin-EDTA solution before reach- 
ing confluence and reseeded as secondary 
cultures in 35 mm dishes at a density of 5 x 
lo4 cells per dish. 

To assess the effects of interferon, the pri- 
mary or secondary cultures were incubated 
for 6 hr in 1 ml Dubecco's medium with 10% 
fetal calf serum and 4.5 g/l glucose but with- 
out antibiotics. Appropriate dilutions of in- 
terferon or mock interferon were then added 
in 0.1 ml of medium, and the cells incubated 
for another 42-44 hr. To determine the rate 
of incorporation of [3H]thymidine into DNA, 
1 pCi of 3H-thymidine (2.1 Ci/mmol) in 0.1 
ml of medium was added for the terminal 
two hours of the culture. The medium was 
decanted and the cells were harvested with 1 
ml of saline-trypsin-EDTA solution (1 5 min 
at 37"), collected on a glass fiber filter (What- 
man GF/A) and prepared for scintillation 
counting as described above. To estimate cell 
growth, cells were harvested as described 
above, and counted in a hemocytometer. 

Results. Preimplantation ICR-Swiss em- 
bryos at the 2-cell and 8-16 cell stages were 
cultured in vitro for 69 and 45 hr, respectively, 
in the presence of 3.4 X lo3 units/ml of mouse 
interferon and the number developing into 

morulas and blastocysts determined. Blastu- 
lation was examined because it is a particu- 
larly sensitive indicator of embryonic devel- 
opment (9, 13). As a control, parallel cultures 
of embryos were exposed to an equivalent 
amount of mock mouse interferon. As is 
shown in Table I, neither the interferon nor 
the mock interferon had any effect on devel- 
opment of the embryos. Furthermore, the 
rate of incorporation of [3H]thymidine into 
the blastocysts which developed after being 
exposed to interferon during the entire period 
of in vitro culture was not significantly re- 
duced. 

Although blastocysts developing in vitro 
were not sensitive to the antiproliferative ef- 
fect of interferon, it was possible that sensi- 
tivity to interferon could have developed in 
the inner part of the blastocyst, the inner cell 
mass, after its differentiation from the tro- 
phectoderm and that the outer trophectoderm 
might interfere with access of the agent. 
Therefore, bare inner cell masses prepared by 
immunosurgery were exposed to interferon 
for 48 hours and incorporation of [3H]thy- 
midine then determined (Table I). Again, a 
concentration of 3.4 x lo3 per mI units of 
interferon did not significantly reduce [3H]- 
thymidine incorporation, and it is concluded 
that preimplantation embryos are not sensi- 
tive to this concentration of exogenous inter- 
feron. 

To determine the concentration of inter- 
feron to be tested against cells derived from 
postimplantation embryos, a preliminary se- 

TABLE I. EFFECT OF INTERFERON ON PREIMPLANTATION MOUSE EMBRYO DEVELOPMENT AND [%]THYMIDINE 
INCORPORATION. 

Addition to culture 
Saline Mock interferon Interferon" 

2-cell (duy 1 )  embryos 
Total number of embryos 
Morulas and blastocysts after 72 hr 
in culture 
Incorporation of [3H]thymidine after 
69 hours in cultureb 

8-16 cell (day 2) embryos 
Total number of embryos 
Morulas after 24 hr in culture 
Blastocysts after 75 hr in culture 
Incorporation of [3H]thymidine after 
45 hr in culture' 

Incorporation of [3H]thymidineb 
Isolated inner cell musses (ICM) 

81 80 
63 (78%) 72 (9wo) 

- 60 cpm/embryo 

28 30 
21 (75%) 24 (80%) 
28 (1Wo) 24 (8090) 
52 cpm/embryo 46 cpm/embryo 

53 cpm/ICM 

80 
68 (85%) 

50 cpm/embryo 

30 
29 (97%) 
29 (97%) 
63 cpm/embryo 

50 cpm/ICM 
a Final concentration in cultures was 3.4 X lo3 NIH reference units mouse interferon/ml. 
' Each value represents the mean of two experiments. 
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ries of experiments was carried out with sec- 
ondary cell cultures derived from whole day 
13 embryos. Utilizing both cell counts and 
[3H]thymidine incorporation (Table II), it was 
found that 34 units/ml had no antiprolifera- 
tive effect, 336 units/ml gave equivocal re- 
sults, and 3.4 x lo3 units/ml had a clearly 
inhibitory effect on both cell growth and 
thymidine incorporation. Therefore, the con- 
centration of 3.4 x lo3 units/ml of interferon 
was used for all subsequent experiments. Hu- 
man interferon (Sendai virus induced leuko- 
cyte interferon obtained from the National 
Institutes of Health) at a concentration of lo4 
NIH reference units/ml had no greater effect 
on either the thymidine incorporation or cell 
proliferation of the secondary cultures than 
did the mock mouse interferon preparation. 
This indicates that the inhibitory effect of 
interferon was, as would be expected, species 
specific. 

Primary embryonic cell cultures estab- 
lished from embryos of various ages were 
exposed to interferon, mock interferon, or 
phosphate buffered saline, and the incorpo- 
ration of [3H]thymidine into DNA deter- 
mined (Fig. 1). Although thymidine incor- 
poration into cells derived from 7-day em- 
bryos was not inhibited, inhibition was ob- 
served in cells from 8 and 9-day embryos and 
reached a maximum of about 44% (expressed 
relative to the mock interferon control) or 
36% (expressed relative to the saline control) 
in cells from 10 to 12 day old embryos. The 
discrepancy between the two values results 
from the fact that the mock interferon prep- 
aration often had a stimulatory effect on cell 
growth. As with the secondary cultures, hu- 
man interferon at lo4 units/ml had no effect 
on the primary cells from 10- to 17-day em- 
bryos. 

TABLE 11. INHIBITION BY INTERFERON OF [3Hj- 
THYMIDINE INCORPORATION AND PROLIFERATION OF 

SECONDARY EMBRYONIC CELL CULTURES. 

Cell prolifera- 
Interferon or 3H-inco Oration’ tion’ (96 inhibi- 
mock inter- (96 inh%ition)h tionlh 

feron 
(units/ml) Mock Interferon Mock Interferon 

34 2.4 0 - - 
336 15.6 13.8 0 7.5 

3.4 x 1 0 3  25.6 43.6 0 28.0 
a Each value represents the mean of two experiments. 

Inhibition is represented as percent reduction of 
control values. 

AGE OF EMBRYOS (days) 

FIG. 1 .  The inhibition of incorporation of [3H-]thy- 
midine into the DNA of primary mouse embryo cells. 
The open circles represent inhibition of incorporation by 
3.4 X lo3 units/ml of interferon expressed relative to the 
mock interferon control; the closed circles represent in- 
hibition expressed relative to the PBS control. Each point 
is the mean of two experiments. 

Discussion. Several studies have been car- 
ried out on the response of fetal cells to the 
antiviral effects of interferon (14-19). Com- 
parison of chick embryos at different stages 
of development ( 16- 18) demonstrated a 
greater sensitivity in cells from 12 to 15 day 
than from 6 to 8 day chick embryos, but this 
difference has been attributed to the elabo- 
ration of a repressor by the younger cells (1 8). 
Studies of human cell strains obtained from 
embryos ranging in age from eight weeks on 
and passaged at least 10 passages in culture, 
demonstrated that cells from the least mature 
embryos were the least sensitive to interferon 
(1 8). Similarly, cells from 18-day mouse em- 
bryos were stated to be more sensitive than 
are cells from 7-day embryos to the antiviral 
effects of interferon (14), consistent with our 
observations on the antiproliferative effect of 
interferon in embryonic mouse cells. 

Two studies of the antiproliferative effects 
of interferon on mouse embryonic cells have 
been reported. Lindahl-Magnuson and col- 
laborators (6) studied the effects of lo3 
units/ml of a Newcastle disease virus induced 
MSV-Ia cell interferon on primary C3H “fi- 
broblasts” derived from either 12-day or 1 8- 
day embryos. After 5 days in culture, the rate 
of [3H]thymidine incorporation was inhibited 
35 to 55%, although at times no effect was 
demonstrable until the 7th or 8th day. Despite 
the variability of the system, the minimum 
effective dose of interferon was stated to be 
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125-250 units/ml. In close agreement with 
our results, insofar as the quantity of inter- 
feron necessary, are those of Ohwaki and 
Kawadi (4) who found that the growth over 
4 days of 5th or 6th passage fibroblasts from 
14 to 15 day outbred mouse embryos was 
inhibited 20 to 40% by 333 NIH reference 
units/ml and 4650% by 3.3 X lo3 NIH ref- 
erence units/ml of partially purified L cell 
interferon. They also noted that the embry- 
onic cells were only a tenth as sensitive as L 
cells to the antiproliferative effects of inter- 
feron. Because of the high s ecific activity of 
their material, 3.3 x 10 NIH reference 
units/g protein, they argued that the growth 
inhibition that they observed was due to in- 
terferon itself and not to a contaminating 
protein. 

The reasons for the changing sensitivity of 
embryonic cells to interferon are not known. 
Among the possibilities are the appearance 
or increase in concentration of an interferon 
receptor and a change in the activity of one 
or more components of the system which 
mediates the antiviral and antiproliferative 
effects. However, whatever the mechanism or 
mechanisms involved, it seems clear that sig- 
nificant changes do occur early in embryo- 
genesis and that responsiveness to interferon 
is achieved in the mouse embryos by 10 days. 
Interestingly, this is the stage which corre- 
sponds developmentally to the time of maxi- 
mal sensitivity to the teratogenic conse- 
quences of congenital viral infection in hu- 
man embryos (14). 

Summary. The antiproliferative effect of 
interferon was studied at various stages of 
pre- and postimplantation mouse embryo de- 
velopment. Although 3.4 x lo3 reference 
units/ml of NDV induced mouse interferon 
did not inhibit development of DNA synthe- 
sis in preimplantation embryos, an inhibitory 
effect was first detectable in primary cell 
cultures derived from whole 8-day embryos. 
This effect reached a maximum of 36 to 44% 
inhibition of DNA synthesis in cells cultured 
from 10-day embryos and remained at the 
same level with cells cultured from 12, 14, 
and 17-day embryos. These results indicate 

7 p  

that responsiveness to interferon is achieved 
in the mouse embryos by 10 days. 
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