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There are two immunologic approaches
which can be used for the prevention of tu-
mor induction by an oncogenic virus. The
first involves the immunization of the host, in
which the oncogenic process has already
started, with either the virus or nonviable
virus-transformed cells (1-5). This is effec-
tive only when the tumors induced are anti-
genic and the developing tumor mass is small
enough to be eliminated by immune lymph-
ocytes. The second approach involves the
neutralization of oncogenic virus before it
transforms cells iz vivo. Neutralization can
be achieved by preimmunizing the host with
the virus. Since only newborn animals are
susceptible to DNA viral oncogenesis, it is
necessary to immunize the mothers with the
virus (6). This method has been successfully
applied in Ad 12, SV40, and murine leukemia-
sarcoma model systems (7-9). However,
immunization with the whole virion is not
desirable since it has been demonstrated that
inactivated oncogenic viruses may not only
retain their complete oncogenic potential, but
also show enhanced oncogenicity (10) prob-
ably because only a fraction of the viral
genome is required for transformation.

We report below the effectiveness of mater-
nal immunization with purified protein com-
ponents of Ad 12 in repressing the develop-
ment of Ad 12 oncogenesis in newborn ham-
sters. As a model, this virus has the advan-
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tages that it produces tumors rapidly in new-
born hamsters (11, 12) and that its com-
ponents have been well characterized (13,
14).

Materials and Methods. Propagation of the
virus. The Huie strain of Ad 12 (kindly
supplied by Dr. Raymond Gilden, Flow Lab-
oratories, Bethesda, Md.), was propagated
in a continuous human cell line (KB) grown
in suspension culture in Eagle’s minimal es-
sential medium with 5% horse serum. Viral
infectivity was determined by plaque assay
on monolayer cultures of KB cells (15). Vi-
rus used in all experiments was free of adeno-
virus-associated satellite virus as evidenced
by electron microscopy.

Purification of virions and capsomer anti-
gens. Virus was purified from infected KB
cells by sonic disruption of the cells, treat-
ment with genetron, concentration on a layer
of CsCl, and density gradient centrifugation
in CsCl (16, 17). Hexon was purified from
the supernatant fluid obtained from the CsCl
concentration step during virion purifica-
tion. Ammonium sulfate was added to the
supernatant fluid at 4° to 66% of saturation
at pH 7.2. The precipitated proteins, includ-
ing hexon antigen, were suspended in a mini-
mal volume of 0.05 M Tris~HC] buffer, pH
8.4, and further fractionated by gel filtration
in Sepharose 2B (Pharmacia Fine Chem.,
Inc.) followed by zonal centrifugation in pre-
formed sucrose gradients (5-20% sucrose).
Details of these purification steps are de-
scribed under “Results.”

Isolation of core proteins. Purified prepara-
tions of Ad 12, labeled with *C-thymidine,
were disrupted by treatment with acetone
(18). The disrupted, precipitated material
was resuspended in a minimal volume of
water, layered over 4.5 ml of CsCl (density
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F1c. 1. Gel filtration of Ad 12 soluble antigens in Sepharose 2B with CF activities determined
with anti-Ad 12 serum ([J) ; and with anti-Ad 7 serum (O).

of 1.36 g/cm®) and centrifuged at 44,000
rpm for 48 hr at 4° in a Spinco Ti-50 rotor.
Four-drop fractions were collected from the
bottom of the tube; and the density of every
other fraction was computed from measure-
ments of the refractive index obtained with
an Abbe 3L refractometer,

Polyacrylamide gel electrophoresis. Analyt-
ical polyacrylamide gel electrophoresis was
performed, utilizing gels containing 7.5%
acrylamide and 1% N,N’methylenebisacryla-
mide. Electrophoresis was conducted in 75 X
8-mm tubes at 3 mA/tube for 3 hr. Gels were
stained with amido schwarz for 1 hr and ex-
cess stain removed with 7.5% acetic acid.

Protein assay. Protein was assayed by a
micromodification of the Lowry et al. (19)
method using crystalline bovine serum al-
bumin as standard.

Animal experiments. Pregnant hamsters
obtained from the Lakeview Hamster Colony
were divided into 5 groups. On the third day

of pregnancy three groups were immunized
with either hexon, core protein, or purified
virus containing 160, 26, and 260 pg of pro-
tein/ml, respectively. These preparations
were emulsified in an equal volume (0.5 ml)
of Freund’s complete adjuvant and injected
subcutaneously. The fourth group was inject-
ed with phosphate-buffered saline emulsified
in the adjuvant, and the fifth group was
untreated. Similar injections were repeated
on day 10 of pregnancy. The majority of the
hamsters delivered on day 16. All offspring
were injected with 4 X 10° plaque-forming
units of Ad 12 within 12 hr after birth.

The appearance and development of tu-
mors were recorded; and tumor weights were
estimated by palpation and/or caliper mea-
surement. All tumor-bearing animals were
sacrificed on day 65, the tumor weights were
recorded, and selected tumors were fixed for
histologic study. Animals without tumors re-
mained negative until day 72, when the ex-



IMMUNIZATION WITH AD 12 SUBUNITS

64

16

COMPLEMENT - FIXING TITERS

1339

S 10

15 20 25 30

FRACTION NUMBER
Fic. 2. Zonal centrifugation in preformed sucrose gradients (5-20%) of Ad 12 hexon pool
obtained from Sepharose 2B column. Centrifugation was carried out in a Spinco SW-25 rotor at
25,000 rpm for 30 hr. CF activity was determined with anti-Ad 7 serum (O), and with anti-KB

cell serum (A).

periment was terminated. Statistical compari-
sons were made by a standard ¢ test using
unequal variance.

Complement-fixation (CF) assay. Ad 12
antigens were assayed by a micro-CF tech-
nique (20) using 4 units of rabbit anti-Ad 12
or anti-Ad 7 sera. The CF test utilizing anti-
Ad 12 serum detects both penton and hexon
antigens, while the anti-Ad 7 serum reacts
only with hexon. Host-cell proteins were as-
sayed with 4 units of antibody made in rab-
bits. Serum antibody titers in the immunized
hamsters were measured using either 4 units
of Ad 12 purified soluble virion antigens, or 4
units of Ad 12 T-antigen (Flow Laborato-
ries, Bethesda, Md.).

Results. Purification of viral subunits. Gel
filtration of the proteins precipitated from
the soluble antigen pool yielded the group-
specific hexon (Fig. 1). The contaminating
cellular proteins in the hexon pool derived
from the CF positive gel filtration fractions
were effectively removed by zonal centrifuga-
tion (Fig. 2). Analytical polyacrylamide gel

electrophoresis confirmed the purity of the
preparation, showing only a single protein
component (Fig. 3), which was eluted and
shown to have group-specific CF activity.
There was no evidence for any contamination
of the hexon preparation by penton or fiber
antigens.

Purified Ad 12 virions were disrupted with
acetone and fractionated by ultracentrifuga-
tion on a CsCl gradient. A DNA-protein frac-
tion (core protein) was obtained with a
buoyant density of 1.37 g/cm3. Electron mi-
croscopy revealed that the bulk of this mate-
rial had the appearance of poorly stained
core material. Small quantities (less than
10%) of aggregated capsomers were also ob-
served.

Inhibition of tumor growth by maternal
immunization. All maternally immunized ani-
mals responded with a low but significant
serum antibody titer against the group-
specific virion antigens (Table I). Significant
anti-T antigen titers were not observed. The
effect of maternal immunization on the inci-
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F1c. 3. Polyacrylamide gel electrophoresis of (1)
concentrated Ad 12 soluble antigen preparation; and
(2) Ad 12 hexon purified by gel filtration and
sucrose gradient centrifugation. Approximately 100
ug of protein were applied to each with migration
going from cathode to anode.

dence of Ad 12-induced tumors in the off-
spring is shown in Table II. At 5 weeks
after inoculation, 55% of the control off-
spring had developed subcutaneous tumors.
Immunization of mothers with purified virion
and hexon provided clear cut protection to
the offspring since only 6 and 12% of the
animals had developed palpable tumors by
5 weeks. The core protein and Freund’s
adjuvant failed to provide significant protec-

TABLE I. Serum Antibody Activity in Maternal
Hamsters.

Complement-fixing titers®

Anti-T
Anti-Ad 12 antigen
Immunizing

antigen Days: 17 30 17 30
Purified virus 256 512 8 4
Hexon 256 512 <2 <2
Core proteins 128 128 <2 <2
Freund’s adjuvant <2 <2 <2 <2
No treatment <2 <2 <2 <2

¢ Titers given are average values for all animals
which bore young. The titers are given for 17 and
30 days after the second injection.
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tion; in these two groups 20 and 33% of the
animals developed tumors, respectively. The
incidence of tumors at 10 weeks was similar
in all groups except the untreated control
group, in which 66% of the animals developed
tumors, thus showing that maternal immuni-
zation with hexon and purified virions retard-
ed rather than prevented the development of
tumors by Ad 12.

When the tumor weight in each group was
plotted against time after challenge (Fig.
4), a much clearer picture emerged. At
autopsy, the average tumor weight in the
adjuvant controls was 8.9 g compared with
2.5 and 3.1 g in groups immunized with
purified virions and hexons, respectively.
This data supports the conclusion reached
from the figures on tumor incidence (Table
II) that maternal immunization with hexon
and purified virions resulted in the inhibi-
tion of growth of primary tumors induced by
Ad 12.

TABLE II. Incidence of Adenovirus Type 12 Tu-
mors in Offspring of Immunized Hamsters.

Animals with

No. of tumors (%)
Immunizing animals
antigen inoculated 35 days® 72 days

Purified virus 34 6 44
Hexon 32 12 37
Core proteins 25 20 44
Freund’s adjuvant 30 33 37
No treatment 29 55 66

¢ Days after challenge of offspring with 4 X 10°
plaque-forming units of Ad 12.

Autopsy findings showed that the spleens
of tumor-bearing offspring were 2-6 times
normal size; other organs showed no changes
and no metastases were noted. The larger
tumors showed the typical histologic picture
of Ad 12-induced tumors, with marked hem-
orrhage and necrosis. Several tumors, which
had been stationary for 15-20 days, were "
composed of elongated cells rather than the
typical “epitheloid” cells. Subcutaneous cysts
as large as 0.8 cm in diameter were found in
most of the animals injected with complete
Freund’s adjuvant, but granulomatous reac-
tions were not observed. '

Discussion. As noted above, maternal im-
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F1c. 4. Average tumor weight in offspring of animals immunized with complete Freund’s
adjuvant, Ad 12 core proteins, Ad 12 hexon, and purified virion, and in offspring of untreated

control mothers. '

munization prior to pregnancy has been
found to prevent SV40 and Ad 12 tu-
morigenesis in the offspring (7; 8). However,
these animals were immunized with complete
virus. A recent report (21) showing that
SV40 DNA in sperms could be recovered
from fertilized ova, suggests that the use of
DNA-containing viral material for maternal
immunization would be potentially danger-
ous. i

Our results indicate that the purified cap-
sid proteins (hexon), which are devoid of
viral nucleic acid; can repress Ad 12 tu-
morigenesis in newborn hamsters when ma-
ternally injected during pregnancy. The
finding of repression, rather than complete
prevention, is not unexpected. The animals
were immunized on days 3 and 10 of preg-
nancy. With a hamster gestation period of
only 16 days, it is probable that only a small
-amount of IgG 7S viral antibody is' synthe-

sized and thus, very little would pass through
the placenta to neutralize the virus adminis-
tered to newborns. The results, however,
probably indicate that some antibody crossed
the placenta and neutralized the virus to a
degree that resulted in the differential growth
rate of tumors in the various groups. The
latent period and the growth of tumors have
been shown to depend upon the virus dose
(22).

The lower incidence of the tumors in the
group immunized with Freund’s adjuvant
alone needs explanation. It is possible that in
these animals there is enhanced synthesis of
antibody directed against fetal antigens,
which have been shown to cross-react with
virus-specific surface antigen(s) present in
SV40-transformed cells (23, 24). A similar
phenomenon may have been responsible for
the lower incidence of tumors in this group.

The retardation of tumor growth that we



1342

observed in the offspring of hamsters immu-
nized with hexon suggests that an antibody
elicited by this capsomer is protective. The
hexon is known to be antigenically complex
and to elicit the formation of a number of
different antibodies, including one which cross-
reacts with all members of the adenovirus
group and one which is type specific and neu-
tralizes viral infectivity (14).

The presence of internal proteins within
the core of the adenovirion is now well estab-
lished (25, 26). These core proteins share
some of the characteristics of adenovirus-
induced T-antigens (25), and it has been
suggested that they are closely related to the
T-antigens, since hamsters immunized with
highly purified Ad 7 virus, which was dis-
rupted by aging at 4° for 3 weeks, produced
antibody to T-antigen (27). However, the
hamsters in our study, which were immu-
nized with the core proteins of Ad 12, did not
produce any detectable antibodies against
the T-antigen and the retardation of tumor
growth noted in their offspring was slight
compared with that caused by purified virus
and by hexon proteins.

Summary. Using Freund’s complete ad-
juvant, groups of pregnant hamsters were im-
munized with purified type 12 adenovirus
(Ad 12), core proteins isolated from this vi-
rus, and hexon proteins isolated from unas-
sembled soluble viral proteins. Control
groups were untreated, or given the adjuvant
alone. The progeny of all groups were chal-
lenged soon after birth with a highly on-
cogenic strain of Ad 12. Retardation of tumor
growth in the maternally immunized, as
compared with the control groups, was evi-
denced by delayed appearance, slower
growth, and significantly lower average tumor
weights at the termination of the study. On
the basis of these criteria, purified virus and
purified hexon protein both appeared to be
highly and equally effective in repressing tu-
mor growth in the progeny. The protection
afforded by core proteins was of a much
lower order. These results suggest the possi-
bility of immunizing against Ad 12 by using
highly purified, DNA-free, and presumably
‘harmless hexon proteins.
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