Factors Contributing to
Production of “Virus-Free” Tumors
in Turkeys by Rous Sarcoma Virus

Abstract. Virus-neutralizing factors in
tumor extracts and sera, age of the tumor,
and the infecting dose of virus are impor-
tant factors contributing to the infective
titer of tumor tissue. Tumors produced
with small amounts of virus may contain
no demonstrable infective virus, and de-
tectable inhibitory factors may or may
not be present in tumor extracts or sera.

Bryan, Calnan, and Moloney (I) ob-
served that the amount of infective virus
obtained from chicken sarcomas was re-
lated to the infecting dose (ID) of virus.
Indeed, when less than 1 ID;, of virus
was employed, about 24 percent of such
tumors yielded no virus at all. Similarly,
when chicks were inoculated intracere-
brally with less than 1 LDg, of virus,
brains removed from the relatively few
chicks that died contained no infective
virus in four of five instances (2). Re-
cently it has been found that sarcomas
produced in turkeys with as much as
10,000 ED,, of chicken tumor virus
yielded little or no extractable virus de-
spite the fact that the dilution end point
for tumor production by chicken tumor
virus was identical in chicks and tur-
keys (3).

In the studies described here Belts-
ville white turkey poults 3 to 5 days of
age were infected subcutaneously by in-
jection of 0.2 ml amounts of suitably
diluted virus into the wing web. Stand-
ard chicken tumor virus prepared by dif-
ferential centrifugation (4) was used as
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seed virus in all experiments. Infectivity
titrations were carried out in embryon-
ated chicken eggs, by a modified pock-
counting technique (5). Serial decimal
dilutions of the inocula were injected
onto the chorioallantoic membrane of
groups of five eggs each, and after 10

_days of incubation at 38°C the mem-

branes were examined. Tissue homoge-
nates for assay in eggs were prepared by
grinding the tissue in a mortar with
Alundum and adding sufficient diluent

(2) to make a 10 percent suspension by

weight, which was then clarified by cen-
trifugation at 2000 rev/min for 20 min-
utes. When such homogenates were used
for serial passage in turkeys, each sus-
pension was subjected to additional cen-
trifugation (I, 6) to insure the absence
of intact tumor cells in the inoculum.
It has recently been shown (7) that
extracts of turkey sarcomas produced
with chicken tumor virus contain a po-
tent inhibitor and that this inhibitor was
stable to 56°C for 30 minutes. This in-
hibitor rapidly neutralized large quanti-
ties of Rous sarcoma virus but did not
affect fowl pox, Newcastle, bronchitis, or
influenza viruses. The data in Table 1
show that a potent inhibitor may also
be present in the serum and that both
the presence of inhibitor and the infect-
ing dose of virus exert a marked effect

on the infective titer of the tumor. In-
dividual birds were selected to illustrate
the limits of variation observed to date.
In all experiments, extracts of turkey
tumor tissue and serum were heated to
56°C for 30 minutes before use. Neu-
tralization tests were performed in the
usual manner by mixing serial decimal
dilutions of tumor extract or serum with
500 pock-forming units of virus and al-
lowing the mixture to incubate for 30
minutes at room temperature before in-
oculation into groups of embryonated
eggs. The data show that: (i) when
large amounts of virus were employed
there was an inverse relationship between
the infective titer of the tumor tissue
and the inhibitory titer of heated tumor
extract and serum and (ii) when small
amounts of virus were employed, little
or no infective virus was present in
tumor homogenates. However, the sera
from such birds contained little or no
inhibitor, although inhibitory factors
were occasionally detected in low titer
in tumor extracts. It is of interest to re-
call the observation of Carr (8) that
slowly growing tumors induced in brown
Leghorn chickens yielded noninfective
filtrates, provided that the tumors se-
lected had been growing for more than
40 days. Subsequently Carr reported
(9) that such tumors contained an in-
hibitor which was asseciated with serum
antibody, and he suggested that the
amount of antibody contained in the
tumor was sufficient to inactivate all of
the virus that could be obtained from
the tumor cells.

Previous studies (3) have shown that
serial passage of virus in turkeys was as-
sociated with a progressive loss in infec-
tivity with each passage until the fourth
passage, when extracts of such tumors
were noninfective. Our data (Table 1)
suggest that the inhibitory factors pres-

Table 1. Selected examples of variations in infective titers of tumors produced in turkeys

by Rous sarcoma virus.

Time

Neutralization titer

Infect- . Infective
. . after Size of .
Bird lnfg c'lose infec- tumort titer Tumor Serumt
No. of virus on (log) extract} eru
(FFO™ " (day) (log) (log)
130 10° 12 + -7.8 <-1.0 <-10
4911 10° 22 ++ -5.3 -2.0 -2.0
4941 10° 22 ++ -2.1 -4.0 -4.0
254 10° 33 + <-1.0 -3.0 -4.0
229 10° 21 ++ -4.6 -2.0 -2.0
320 10° 38 - <-1.0 -3.0 -4.0
5996 1 25 + <-10 <-1.0 -1.0
169 1 42 + <-1.0 =20 <-10
5993 1 42 + <-1.0 <-1.0 <-1.0

* PFU, pock-forming units. § Size: +, 6 to 8 mm in diameter, confined to wing web; ++, 9 to 15 mm
in diameter, with frequent invasion of adjacent muscle; +++, 6 to 30 mm in diameter, with extensive
invasion of surrounding tissues. } Tumor extracts and sera heated at 56°C for 30 minutes.
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ent in tumor extracts and serum prob-
ably are responsible for this failure to
propagate virus serially in turkeys. Inas-
much as such inhibitory factors resemble
antibody and are not demonstrable until
two or more weeks after infection, a sec-
ond attempt was made to establish the
virus in young turkeys. In this experi-
ment, tumors were initiated in turkeys
with 108 pock-forming units of virus and
the tumors were collected 8 to 14 days
after inoculation. Tumor extracts were
prepared as described above and were
used as inocula in subsequent passage
in turkeys. Under these conditions, a
series of six passages of virus was suc-
cessfully carried out, and the infective
titer of tumor tissue from the sixth pas-
sage was 10-8-3. The latent periods for
tumor production in each passage were
less than 5 days.

The studies described in this report
(10) indicate that inhibitory factors in
tumor extracts and sera, time of collec-
tion of tumor tissue, and the infecting
dose of virus employed are important
factors contributing to the infective titer
of tumor tissue. It seems clear that the
presence of potent inhibitory factors in
sera and in extracts of tumors produced
in turkeys with large amounts of virus
is responsible for the failure to demon-
strate infective virus in such tumors. In
addition, tumors produced with small
amounts of virus also frequently yielded
no infective virus demonstrable by the
methods employed. In this instance it is
of interest that potent inhibitory factors
were not associated with the absence of
infectivity. However, far less potent in-
hibitory factors were occasionally de-
tected in tumor extracts but not in the
homologous serum and vice versa. In-
asmuch as tumors produced with small-
to-moderate amounts of virus may rea-
sonably be assumed to resemble naturally
occurring viral neoplasia, a detailed
study of their nature appears to be war-
ranted.
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Two Antigenically Different
v-Globulins in Domestic Rabbits
Revealed by Isoprecipitins

Abstract. Isoprecipitins used in an agar-
gel immunochemical analysis of 500 nor-
mal sera obtained from several breeds of
rabbits show that the individual rabbits
contain one or the other or both of two
v-globulin antigenic specificities in their
sera but never lack both of them.

Recent investigations have shown that
components of serum from individual
rabbits are antigenic in other rabbits
(1, 2). The isoantibodies were produced
by subcutaneous injections of serum plus
paraffin oil type adjuvants; they were de-
tected by the precipitin reaction and by
passive cutaneous anaphylaxis in the
guinea pig (I-3). Isoprecipitins were
found which reacted with serum antigens
having electrophoretic mobilities corre-
sponding to those of a-, B-, and y-globu-

lins (2). When the sera of 90 normal
rabbits were tested with six isoimmune
sera in agar-gel tubes, the 90 rabbits
could be differentiated into 13 groups on
the basis of the presence or absence of
precipitin bands (2). These results and
those of Oudin indicate that several
components of serum may induce iso-
antibodies.

This report presents evidence concern-
ing the number and incidence of the an-
tigenically different vy-globulins in nor-
mal rabbit sera. The isoimmune sera
were obtained from rabbits immunized
with serum from individual normal rab-
bits as previously described (2). The
agar-gel techniques employed were those
of double diffusion in plates (4), micro-
immunoelectrophoresis (5), and a modi-
fication of Bjorklund’s inhibition tech-
nique (6). For the purpose of inhibiting
reactions of antiserum with a specific
antigen in double diffusion experiments,

Fig. 1. Specific inhibition of the reactions of two isoimmune sera 1 and 2 in an immuno-
electrophoretic plate by two different antigenic y-globulins found in the sera of normal

rabbits, A, B, and C.
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