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We have recently reported induction of a
high incidence of undifferentiated sarcomas,
in short latent period, at the site of intra-
pulmonary injection of human adenovirus,
type 12, into newborn hamsters(1,2). In our
original systematic testing of the human aden-
oviruses for oncogenic effect in hamsters, the
intrapulmonary (transthoracic) route of injec-
tion was selected as probably the most suita-
ble for this group of predominantly respira-
tory viruses. Having obtained the initial posi-
tive results by this route of injection of aden-
ovirus, type 12, the following comparison was
then made of several routes of injection of
this virus.

Methods. Human adenovirus, type 12, pro-
totype strain Huie, was obtained originally
from the American Type Culture Collection
and propagated in our laboratory in HeLa
cells as previously described(1). The virus
was injected into newborn hamsters within 24
hours of birth by the intrapulmonary
(through the chest wall), intrapleural, intra-
peritoneal, intracranial, intravenous, or sub-
cutaneous routes, or was instilled intranasal-
ly. For intrapulmonary injection, the needle
was inserted through the chest wall into the
peripheral part of the lung. In most cases a
small amount of the inoculum leaked from the
nose or mouth, via the bronchi and trachea.

* This investigation has been supported by re-
search grants from Am. Cancer Soc. and from Nat.
Cancer Inst., US.P.H.S.

t Former trainee of U.S.P.H.S. Cancer Research
Training grant, on leave from Okayama Univ, Med.
School, Japan.

For intrapleural injection the needle was in-
serted into the pleural cavity only, and not
into the lung. Subcutaneous injection was
made on the dorsum. Intravenous injection
was by way of facial veins. All injections
were made with a 30 gauge needle. All other
materials, methods and precautions were as
previously described(1).

Results and Discussion. Those hamsters in-
jected with 50 times the minimum 100% tis-
sue culture infectious dose (MTCID;q0) of
virus by the intrapulmonary, intrapleural, or
intraperitoneal route, developed a high inci-
dence of tumors at the site of injection in from
33 to 77 days (Table I). Three hamsters in-
jected subcutaneously with the same virus
fluid have not developed tumors in from 508
to 636 days to date. However, at the 500
MTCID;go dose of virus, the subcutaneous
route appeared as effective as any route
tested. Of 17 hamsters injected with 500
MTCID,gp of virus by either the intrapul-
monary, intrapleural, intravenous or subcu-
taneous route, all but 2 developed tumors
within 98 days. By the intrapulmonary route,
as little as 5 MTCID,gp produced tumors in
5 of 14 hamsters by 98 days. Of 25 hamsters
injected intracranially with doses of from 2
to 200 MTCID,¢ of virus, tumors arose in
only one animal, of the 7 at the highest dose.
This animal had no tumor at the site of intra-
cranial injection, but had multiple abdominal
tumor masses leading to death by 93 days.
Hydrocephalus developed in 3 of the intra-
cranially injected hamsters only, in from 36
to 58 days. Huebner ef al.(3) have observed
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intracranial tumors in 2 hamsters and hydro-
cephalus in several hamsters following intra-
cranial injection of type 12 adenovirus. They
have also obtained tumors by the subcutane-
ous and intraperitoneal routes. Although the
hydrocephalus may arise on a traumatic or

FIG. 1. Subeutaneous tumor (arrow) at site of
injection, and remote tumors in Jiver of a hamster
injeeted subcutaneously at birth with .05 ml of
type 12 adenovirus (1,000 MTCID,/0.1 ml).

FIG. 2. Loecal tumor filling thorax, and remotc
tumor diffusely disseminated in liver of hamster
injeeted intrapulmonarily at birth with .05 ml of
type 12 adenovirus (100 MTCID,/0.1 ml).

FIG. 3. Intrahepatic tumor in a 50-day-old ham-
ster injeeted intravenously by way of a facial vein
at birth with type 12 adenovirus. No other tumor
masses were found.
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other such non-specific basis, a possible role
of adenoviruses in hydrocephalus should be
considered in view of the recovery of other
types of adenoviruses from the cerebrospinal
fluid of children{4).

Of 35 hamsters with tumors at the site of
injection, remote tumors in the liver were
also found in 10 (Table I). They were of simi-
lar histology to the local tumors and usually
occurred as nodular foci (Fig. 1), although
one hamster had diffusely disseminated tu-
mor in the liver (Fig. 2). While these tumors
in the liver may represent metastatic foci
from the primary at the site of injection the
following facts suggest that at least some of
them are, rather, distant primary tumors. (a)
Most of them occurred in hamsters injected
intrapulmonarily with larger doses of virus.
(b) Similar liver tumors occurred in 4 intra-
venously injected hamsters without a tumor
at the site of injection (Fig. 3). (c) Multiple
abdominal tumors involving also the liver oc-
curred in a hamster injected intracranially,
without a tumor at the site of injection.

Histologically the tumors that arose at the
various sites of injection were similar to the
undifferentiated sarcomas reported earlier fol-
lowing intrapulmonary injection(1). The fact
that tumors appear at many different sites of
injection indicates that susceptible cells are
widely disseminated throughout the body. If
the remote tumors are indeed distant pri-
maries, rather than metastases, their usual lo-
cation in the liver would suggest the possible
occurrence in the liver of a more susceptible
cell type, or alternatively, localization or
multiplication of the virus in the liver. The
fact that the incidence of local tumors is di-
rectly dose dependent(2), and that the fewer
remote tumors were usually seen following
injection of larger doses of virus indicates
that the local concentration of virus is an
important factor in the malignant transfor-
mation that occurs.

All of the tumors reported in the present
study became grossly apparent after a short
latent period, resulting in death or sacrifice
of the host because of tumor growth within
29 to 108 days. Trocar transplantation of
such tumors to untreated hamsters leads to
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death from tumor growth in from 13 to 139
days as previously reported(1). It is appar-
ent that malignant transformation of cells
at the site of injection occurs rapidly, prob-
ably within hours of the time of injection.

Of 7 hamsters administered 50 MTCIDg0
of virus by intranasal instillation, none have
died of tumors in approximately 9 months
to date.

Summary. Tumors were induced at the
site of injection of human type 12 adeno-
virus into newborn hamsters by each of the
intrapulmonary, intrapleural, intraperitoneal,
intravenous and subcutaneous routes, lead-
ing to death within 29 to 108 days. Whereas
at higher doses of virus the subcutaneous
route of injection was as effective as the
other routes, at lower doses of virus it ap-
peared less effective. For the intracranial
route of injection, no local tumors were ob-
served but one such hamster developed mul-
tiple abdominal tumors, and 3 developed hy-
drocephalus.

MicropPLATE TissUE CULTURE

Of 35 hamsters with tumors at the site of
injection by various routes, remote tumors
in the liver also developed in 10. Similar
liver tumors were also found in 4 intravenous-
ly injected hamsters without a tumor at the
site of intravenous injection. Of 7 hamsters
administered virus by intranasal instillation,
none have died of tumors in approximately
9 months to date.
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The method reported herein is a modifica-
tion of the Takatsy(1) serological microtitra-
tion technique adapted to conventional tissue
culture procedures, and recently described by
Sever(2). Briefly, the titration plate (Fig. 1)
simulates a series of micro tissue culture
tubes in which cell monolayers are grown on
the hemispherical bottom of the well com-
partment. Rapid serial dilution of virus or
serum can be accurately accomplished by
loop transfer.

Materials and methods. Microtitration ap-

* The opinions and assertations contained herein
are those of the authors and are not to be construed
as official or reflecting the views of the Navy De-
partment or the Naval Service at large.

paratus was obtained from a commercial
sourcet and consisted of Plexiglas plates
moulded to contain 96 cups, each of which
has a working capacity of approximately 0.2
ml; wire spiral loops with a calibrated trans-
fer of 0.025 ml; and micropipets which de-
liver 0.025 ml/drop (Fig. 1).

Plates and micropipets were soaked in de-
tergent and washed in tap water, followed by
3 rinses in triple distilled water. Virus-con-
taminated plasticware was soaked in a solu-
tion of 0.5% sodium hypochlorite and then
washed as above. The utensils were then
air-dried before further treatment.

Plates were irradiated with a 30W germici-

t Cooke Engineering Co., Alexandria, Va.





