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SUMMARY
XC cells originally derived from the tumor of a rat pmevi
ously inoculated with the Prague strain of Rous sarcoma
virus were used to induce tumors in chickens surgically
thymectomized or bumsectomized in the newly hatched pe
nod. Thymectomized chickens had a significantly higher
incidence of tumors, larger tumors, and a higher tumor
mortality, compared with control chickens, when both
groups were given 5 x 10@XC cells into the wing webs.
Bumsectomy could significantly influence the tumor size
Qnly. It appeared that the capacity of XC cells to induce
tumors and the growth of such tumors were subject to
immunological influence, with the thymus playing a major
and the bursa of Fabricius a minor moleunder the conditions
used.
INTRODUCTION
The immune system in chickens seems unique, since this
species possesses 2 distinct organs that regulate immuno
logical functions. The bursa of Fabnicius controls humonal
immunity (2, 3), and the thymus controls cell-mediated im
munity (2). Thus, removal of the bursa on the thymus results
in impaired humonal or cell-mediated immunity, respec
tively (2, 3). Therefore, this animal model would offer a
unique opportunity to study the separate influences of cell
mediated immunity and of the antibody-forming system on
tumor development in vivo.
Such studies have demonstrated that thymectomized
chickens infected with the Cam-Zilber strain of Rous sam
coma virus (14) have significantly higher mortality and mci
dence of metastases, compared with controls, and also a
somewhat higher tumor incidence. When chickens are thy
mectomized in the newly hatched period and infected with
reticuloendotheliosis virus, strain T, systemically or locally,
a significantly higher tumor mortality is observed in the
thymectomized animals, and normally regressing local tu
momsgrow progressively in thymectomized binds (10, 21).
Thymectomy has been reported not to change the incidence
of erythmoblastosis, on of an avian leukosis, induced by RPL
12 virus (12).
Thus, while data in some tumor systems support the
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concept of a â€œsurveillanceâ€•
function for cell-mediated thy
mus-dependent immunity, others do not.
Bumsectomy data in certain tumor models also support
the concept of host protection by the bursa-dependent anti
body-forming system, while others fail to do so. Hormonal
on chemical (cycbophosphamide) (5, 7) bumsectomy report
edly does not affect the incidence or development of tumors
induced by the Bryan strain of RSV2(11). Surgical or chemi
cab (cycbophosphamide) bumsectomy in the newly hatched
period has been demonstrated to significantly increase tu
mommortality and result in progression of normally regress
ing tumors in chickens infected with reticuboendotheliosis
virus, strain T (10, 21). It has also recently been found that a
chemical carcinogen-induced transplantable tumor line
grows at a more rapid rate in bursectomized chickens (6).
Bursectomy in newly hatched or young chickens can pre
vent the development of avian beukosis induced by RPL 12
virus, demonstrating bumsabcells as the target cells for this
virus (12, 13), but not elucidating the function of the bursa
in tumor control in general.
In an attempt to shed further bight on the controversial
issue of â€œimmunosurveillanceâ€•
by cell-mediated immunity
and by the antibody-forming system in tumor development,
we decided to use tumor cell line XC, which, to our knowl
edge, has not previously been studied in this respect. XC
cells are derived from a matinoculated with the Prague strain
of RSV (18). These cells contain no detectable RSV; how
even, they contain the RSV genome. RSV can be recovered
from XC cells by cocultivating them with chicken embryo
fibrobbasts. Inoculation with XC cells on with the supemna
tants of the mixtures of XC cells and chicken embryo fibro
blasts can induce tumors in chickens. In both cases, infec
tious RSV is formed and released when virogenic XC cells
come in contact with sensitive chicken cells (19, 20).
By using surgical thymectomy
@ndbumsectomy in the
newly hatched period in combination with the administra
tion of XC cells, we have been able to demonstrate that both
of these manipulations, and consequently both cell-me
diated immunity and the antibody-forming system, influ
ence the development of XC cell-induced tumors in chick
ens.

MATERIALSAND METHODS
XC Cells. XC cells (obtained from Dr. A. Girardi, Wistar
Institute, Philadelphia, Pa.) were grown in Eagle's minimum
2 The

abbreviation

used

is:

RSV,

Rous

sarcoma

virus.
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Impairment and Tumor Developmer

Effect of Thymectomy or Bursectomy on Tumor Mortal
essential medium (Grand Island Biobogicabs, Grand Island,
N.Y.) enriched with 10% fetal calf serum (Grand Island
ity.
Thymectomy
or
bursectomy
had
no
effect
on
the
mortalâ€¢
Biobogicals), 100 units of penicillin pen ml, 100 @g
of strep
ity of the tumor cell-inoculated chickens during the 1st 27
tomycin pen ml, and 0.15% of sodium bicarbonate. The cells
days. A higher percentage of deaths in thymectomized
were kept in a water-jacketed CO2 incubator (Hotpack Con
chickens was observed (22%), compared with controls
pomation, Philadelphia, Pa.) with CO2 tension set at 5%.
(4%), on the 28th day. By the 29th, 30th, and 31st day,
significantly higher mortality in thymectomized chickens as
Chickens. White Leghorn chickens eggs (WC line, Hy
opposed to controls was observed (p < 0.01 , p < 0.002, and
Line International, Des Moines, Iowa) were incubated and
hatched in a Jamesway egg incubator (Butler Manufactum
p = 0.02, respectively). The deaths were associated with
ing Co., Fort Atkinson, Wis.) under standard conditions.
bargetumors, not with general poor health of the thymecto
The chickens were kept in a thermostatically controlled
mized animals. Bursectomy had no effect on mortality dun
brooder for 31 days after inoculation with XC cells, with free
ing the observation period (Chant 1).
Effect of Thymectomy or Bursectomy on Tumor Size.
access to feed and water.
Surgical Manipulations, Tumor Inoculation, and Evalua
Prior to the 15th day, tumors were diffuse and difficult to
tion of Data. The chickens were surgically thymectomized measure. After that, more spherical, well-demonstrated tu
or bumsectomized within 24 hr of hatching using standard
momsdeveloped. The mean tumor size of bursectomized,
techniques (12). Twenty-six thymectomized, 25 bumsecto
thymectomized, and control groups is presented in Chart 2.
It can be seen that theme are no clear-cut differences in
mized, and 22 control chickens were used in the study. The
control group was not sham operated, since separate stud
ies have shown no difference between sham-thymecto
100
mized or sham-bursectomized and normal animals in terms
80
of take, growth mate,or mortality of XC cell-induced tumors.
The surgically treated groups of chickens and the control
70
group were inoculatedintothe wing webs with5 x 106
k60
viable (trypan blue-excluding) XC cells on the day after
@5O
surgery. The length and width of tumors that developed
-a
within 31 days were measured (in mm) twice weekly with a
@40
0
caliper. The observations could not be carried further be
@3o
cause of the high tumor mortality in the thymectomized
0
group. The size of the tumors was expressed as the product
@20
of these measurements. Tumor incidence and mortality
10
were recorded . These data were compared statistically.
Fisher's exact test for 4-fold tables was used to compare
0
tumor incidence and animal mortality, and the analysis of
10
15
17
19 21
23
25
27
29
31
33
variance was used to evaluate tumor growth in the 3 groups
ofanimals.
>.
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xc

CELL

INOCULATION

Chart 1. Cumulative mortality of thymectomized (0), bursectomized (x),
and control (,.@)chickens inoculated with xc cells.

RESULTS
Effect of Thymectomy or Bursectomy on the Incidence
of Tumors in Chickens. At the end of the 31-day period, 25
of the 26 thymectomized chickens (96%), 16 of the 25 bum
sectomized chickens (64%), and 14 of the 22 controls (63%)
had developed tumors. The incidence of tumors in thymec
tomized chickens as compared with normal controls was
significantly higher (p < 0.02). However, surgical bunsec
tomy alone did not seem to have any effect on tumor f me
quency (Table1).
Incidence

Table 1
of tumors in thymectomized,
bursectomized,
chickens inoculated with XC cells
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Chart 2. Mean tumor sizes of thymectomized (TX), bursectomized (BX),
and control (C) chickens inoculated with xc cells.
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mean tumor size during the 1st 22 days of inoculation. From
the 25th to the 31st day, the difference in tumor size among
the groups became apparent.
The analysis of variance was used to compare tumor sizes
in the different groups. Although thymectomized animals
had considerable bangertumors than controls (Chant 2), this
method of comparison did not demonstrate a statistically
significant difference between the groups. However, the
tumors in bursectomized animals were significantly banger
(p < 0.01) than in the controls

at the end of the observation

period (31st day).
DISCUSSION
We have demonstrated that thymectomized chickens in
oculated with XC cells have a higher incidence of tumors,
larger tumors, and a higher mortality rate compared with
control chickens . Bu msectomized chickens also exhibited
significantly banger tumor sizes; however, theme were no
clear-cut differences in mortality on incidence of tumors
with the experimental protocol used. In order to obtain a
high tumor-take frequency, XC cell inoculation was per
formed on the day after hatching, when the immune system
of the recipients was still somewhat immature. A difference
in tumor incidence might be demonstrable also in bursecto
mized binds, if the animals are inoculated at a later time. The
thymectomy results showed that the thymus may play an
important role in host protection in XC cell tumor growth
and development in chickens, and lend support to the in
volvement of the thymus and thymus-dependent immunity
in surveillance (1, 10, 17, 21) in this tumor model. Although
the bumsaof Fabnicius does not seem to contribute as much
as the thymus in this instance, it does influence tumor
growth rate and consequently also plays a role in host
protection. It should also be noted that surgical bumsectomy
alone in the newly hatched period does not lead to absence
of antibody-formi ng and immu nogbobulin-producing capac

ity (16,23). Studies with bumsectomymethods more severely
affecting humoral immunity (5, 7) are necessary to evaluate
further the extent of the contnibuion by the antibody-form
ing system in the control of XC cell tumors.
The influence of thymectomy on tumor induction by the
Cam-Zilber strain of RSV in the chicken has been reported
by Radzichovskaja (14). She observed that thymectomy sig
nificantly increased mortality and frequency of metastases
and also noted a somewhat higher tumor frequency and
tumor growth rate in thymectomized chickens. When nor
mal Japanese quail were inoculated with the Schmidt-Rup
pin strain of RSV, the tumor regression rate was 90 to 100%.
In contrast, the thymectomized groups had only a 0 to 30%
regression mate(24). Thus, thymectomy lowered the host's
ability to regress tumors, presumably by impairing cell
mediated immunity. Comparing our present data on the
effect of thymectomy on the growth of XC cell tumors with
those on other RSV-induced tumors, it appears that the
vimogenic XC cells respond in an essentially similar way in
hosts with impaired cell-mediated immunity. Although sung
ical thymectomy without adjunct treatment does not abolish
cell-mediated immunological functions, it seems to have
impaired cell-mediated immunity sufficiently to permit in
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creased tumor development in this study and in those
quoted above.
Previous results in RSV-infected chickens failed to show
any effect of bunsectomy (11, 15) and agammagbobulinemia
(11) on tumor incidence or growth mate,or on tumor size,
leading those authors to the conclusion that antibodies do
not play a significant tumor-enhancing role under the condi
tions used (11). The data also failed to demonstrate a host
protective role for the antibody-forming system . Inoculation
of Japanese quail, which had been bumsectomized when 1
week old, with the Schmidt-Ruppin strain of RSV also had
no effect on tumor development (24). It was suggested by
the latter authors that humoral antibodies did not play an
important tumor-enhancing role in Rous sarcoma in birds
under the conditions they used. However, while the quail
data led the investigators to a conclusion similar to that
obtained in the study on chickens, they are somewhat diffi
cult to interpret, since the bumsectomy syndrome has not
been well defined in the quail, and varies remarkably from
species to species (22). Due to the negative reports on effect
of bunsectomy using 2 strains of Rous sarcoma, we decided
to use a different agent, namely XC cells, carrying the
genome of the Prague strain of Rous sarcoma. Using this
approach, we were able to show a difference in tumor
growth rate between surgically bursectomized and control
binds. Surgical bumsectomy alone, in our hands and those of
others, does not significantly reduce immunogbobulin 1ev
els, but markedly depresses the capacity to respond to
certain antigens. Whether the different results obtained in
our study and in the earlier ones reflect a difference be
tween Rous sarcoma strains or depend on other factors, is
unknown.
The involvement of the thymus and the bumsaof Fabnicius
in the regulation of development of other avian RNA tumor
viruses in chickens has been documented. Thymectomy
and bursectomy significantly increase tumor mortality in
chickens after systemic and local administration of meticubo
endotheliosis virus over that found in sham-operated con
trols (9, 10, 21). In addition, most of either thymectomized
or bumsectomized chickens develop progressively growing
wing-webtumorswhen a virusdose isused,which leadsto
regression in most unmanipulated controls (9, 10). Regmes
sion of local tumors can be accomplished by repeated ad
ministrations of immune serum. The curative effect is not
dependent on antivinabantibodies, as the antiserum is effec
tive after repeated absomptions with reticuboendotheliosis
virus (4, 8). This strongly suggests that the component
active in immune serum is directed against tumor-associ
ated transplantation-type antigens.
The data presented here, combined with the results from
the avian meticuloendotheliosis studies, and with a recent
finding that the growth mateof a benzo(a)pymene-induced
transplantable tumor line is considerably faster in bursecto
mized than in control birds (6), demonstrate that humoral
immunity contributes to host protection. A similarfinding in
these different tumor systems motivates the proposition
that the host-protective influence of the antibody-forming
system in tumor development is a general phenomenon in
host defense against tumors. The effectiveness of this line
of defense may vary with the intrinsic properties of the
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tumors, such as their proliferation rate, antigenicity, and
their ability to use escape mechanisms from immunosum
veillance.
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