through which electrical contact was
made, and was approximately 50 um
above the embryo surface. The embryo
was not touched by the electrode. The
electrodes were glass micropipettes with
tip diameters of 10 to 15 um, filled with
either Ringer solution alone (controls) or
Ringer solution plus 10-3M cyclic AMP
solution (experimentals). The tips were
sealed with molten agar to prevent loss
of electrolyte by passive flow. A current
of 40 na was passed through chlorinated
silver wires placed in the electrodes. A
return path was provided by a chlorinated
wire in the agar supporting each embryo.
Current was individually monitored with
an electrometer (/3). After incubation at
38°C for 18 hours, the final state of each
preparation was photographed and the
embryos were fixed and stained for sub-
sequent histological examination. Thus a
pair of ‘‘before and after’’ photographs
was obtained for each embryo and
scored for effects of stimulation.

The results for 298 embryos are shown
in Table 1. The top figure of each pair
represents the total sample; the lower
figure represents the score obtained
when preparations with electrodes which
had lost electrical contact overnight, or
in which the embryo had broken up or
detached from the vitelline membrane
sufficiently to prevent scoring, were re-
moved from the sample. Each prepara-
tion was scored for bending of the em-
bryonic axis toward the electrode and for
attraction of cells to the electrode; both
effects were confirmed by histological
examination and were thus not de-
stroyed by fixation. Significant differ-
ences (P < .01) were found between ex-
perimentals and controls by the two cri-
teria. The number of rejected embryos
was similar for experimentals (70) and
for controls (61). Both-experimentals and
controls showed delays of 1 or 2 stages
(up to 5 hours) in development as a result
of the experimental procedure, but there
was no difference between experimen-
tals and controls in this respect.

In addition, we made time-lapse films
which confirm these observations and
show that development was continuous,
although biased, during the experiments.
Figure 1C shows a photograph of an in-
termediate stage of such a filmed embryo
stimulated with a microelectrode con-
taining 107*M cyclic AMP released con-
tinuously by a current of 10 na. The elec-
trode was switched off after 5 hours of
filming and on again after a delay of 5
hours. The axis progressed anteriorly
while the electrode was off but laterally
while it was on, leading to the dis-
tinctively S-shaped primitive streak. We
found that effects of stimulation were
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Table 1. The results of stimulation of early
embryos with Ringer solution (controls) and
Ringer solution plus 10~*M cyclic AMP (ex-
perimentals). The top figure in each category
shows the fraction of the total number of con-
trols (150) and experimentals (148) scored as
responding. The bottom figure in each cate-
gory shows the fraction after failures were re-
jected from the sample, as described in text.

Fraction
respondin,
Effect P - - ,
Con- Experi-
trols mentals
Axis bending
Entire sample 0.05 0.39
Failures deleted 0.08 0.76
Cell attraction
Entire sample 0.08 0.31
0.11 0.43

Failures deleted

lost at electrode concentrations below
approximately 1078M for axis bending
and 10-°M for cell attraction.

We tried similar experiments with cy-
clic guanosine, inosine, and uridine
monophosphates; adenosine 5'-mono-
phosphate; adenosine; serotonin; and L-
glutamine. None showed comparable ef-
fects. We also incubated embryos with
cyclic AMP phosphodiesterase, which
slowed and at very high activities
stopped development, and with acetyl-
cholinesterase, which had no effect.

These experiments thus show that ex-
tracellular cyclic AMP signals can divert
the axis of early chick embryos and can
attract cells on the ventral surface. They
imply that a systematic search for a cy-
clic AMP signaling mechanism within
the undisturbed embryo might be profit-
able; we have undertaken this (7). To
this end it has already been shown (/4)
that there are regional differences in cy-
clic AMP and phosphodiesterase content
in chick embryos at stages 5 and 6. One
interpretation of these findings and our
own results is that an extracellular cyclic

AMP signal may be used in the control of
early chick development. If this were so,
cyclic AMP might correspond to the
heat-stable (animalizing) morphogen
postulated by others and its phospho-
diesterase to the heat-labile (vegetal-
izing) antagonist also postulated (/5).
Such an identification would resolve
many of the inconsistencies arising from
grafts of inducing regions into host em-
bryos, but much more knowledge is
needed before this interpretation can be-
come more than a mere speculation.
ANTHONY ROBERTSON
ALAN R. GINGLE
Department of Biophysics and
Theoretical Biology, University of
Chicago, Chicago, Illinois 60637
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Rous Sarcomas in Chickens: Enhanced

Growth Coexisting with Concomitant Immunity

Abstract. Chickens bearing Rous sarcoma virus—induced tumors in one wing did
not develop new tumors when subsequently inoculated with Rous sarcoma virus in
the other wing. However, the second inoculation of Rous sarcoma virus caused ac-
celerated growth of the established tumors. This phenomenon was found to be bursa-
dependent. Paradoxically, established tumors in bursectomized chickens grew at a
diminished rate if the chickens were reinoculated with Rous sarcoma virus.

Animals bearing large progressively
growing tumors are resistant to the de-
velopment of new tumors following chal-
lenge with syngeneic or autochthonous
tumor cells of the same type (/). This re-

sistance to tumor growth has been attrib-
uted to an acquired immunity (con-
comitant immunity) to tumor antigens,
and has been postulated to be a deter-
mining factor in controlling metastases
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(7). Recent studies by Gyles et al. 2)
show that genetically susceptible chick-
ens possessing Rous sarcoma virus
(RSV)-induced tumors may be resistant
to the induction of new tumors by RSV.
Similar findings with rats bearing Rous
sarcomas have been reported (3).

In this report we confirm the observa-
tion of Gyles et al. (2) and present find-
ings which show that (i) a second in-
oculation of RSV, performed to demon-
strate concomitant immunity, results in a

marked increase in growth rate of tumors’

induced by RSV 9 days earlier; (ii) the
increased growth rate of previously in-
duced tumors can be demonstrated only
in chickens with an intact bursa of Fab-
ricius even though bursectomy does not
influence the expression of concomitant
immunity; and (iii) previously induced
tumors grow more slowly in bur-
sectomized birds given a second in-
oculation of RSV 9 days after the first.
For these studies, chickens from an in-
bred line susceptible to the induction of
Rous sarcoma (line G-Bl) were inocu-
lated into the wing web with Schmidt-
Ruppin RSV (subgroup B). Either 1800
or 3600 focus forming units (FFU) of vi-
rus in 0.2 ml of tris-buffered diluent were
used. The initial inoculation of RSV was
made into the left wing web and chal-
lenge was made into the opposite wing
web at the same time (day 0) or at specif-
ic intervals thereafter. In one experi-
ment, newly hatched chicks were surgi-
cally bursectomized and given cy-
clophosphamide (4 mg per bird) on the
same day and 2 days later. Cyclo-
phosphamide was administered because
surgical bursectomy alone is not com-
pletely effective in lowering levels of im-

Fig. 1. Growth rate of left wing web tumors of
chickens inoculated with RSV at 5 weeks of
age (day 0). Birds were bursectomized (R) or
nonbursectomized ((J) and also inoculated
with RSV in the right wing web on day 0, or
they were bursectomized (®) or non-
bursectomized (O) and also inoculated with
RSV in the right wing web on day 9 (these
were the same birds as those used in the ex-
periment in Table 2). Standard errors of the
means are indicated by vertical lines. Among
the nonbursectomized birds, the left wing web
tumors were significantly larger when RSV
was given in the opposite wing web on day 9
(P < .001). The differences in the size of the
left wing web tumors of bursectomized birds
inoculated with RSV in the right wing web at
day 0 or at day 9 were also statistically signifi-
cant at day 21 of observation (P < .05). Com-
parisons of means were made by Hartley’s
method, as described by Snedecor (/6), and
Student’s t-test. The high level of mortality
occurring after day 21 of observation among
nonbursectomized birds given virus 9 days
apart (O) precluded later meaningful com-
parisons.
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Table 1. The proportion of G-B1 chickens de-
veloping tumors in left and right wings after
initial RSV inoculation in the left wing web.
Surviving birds were monitored for 54 days
after the first RSV inoculation.

Interval Proportion of birds
Num- between that developed
befr RSV tumors in
o . .
birds inoculations Left Right
(days) wing wing
Experiment 1
3 0 3/3 3/3
3 8 3/3 0/3
3 18 3/3 0/3
3* 3/3
Experiment 2
5 0 5/5 5/5
N 8 5/5 0/5
5 18 5/5 0/5
5* 5/5

*Age-matched control birds that received an initial
RSV inoculation in the right wing only on the same
day that the two experimental groups of birds re-
ceived the second RSV inoculation on day 18.

munoglobulins or in suppressing anti-
body formation (¢). Marked hypogam-
maglobulinemia was documented in
these birds by means of Ouchterlony
tests 5 weeks after bursectomy. Tumor
development was assessed at 2- to 3-day
intervals by measurement with calipers.
Scores of tumor size were based on area
of wing web involvement according to
the formula for an ellipse.

To determine the effects of prior in-
oculation of RSV on the ability of a sub-
sequent challenge with the same virus to
induce tumors, we performed two sepa-
rate experiments (Table 1). Birds were 8
or 4 weeks old at the start of the first and
second experiments, respectively. Four
groups of age-matched birds were used

22 r

—
o
¥

—_
o

Mean tumor size (cm?2)

Time (days)

for each experiment. Groups 1 through 3
received RSV in the left wing at day 0
(3600 FFU per recipient); group 1 also
received 1800 FFU in the right wing at
the same time; groups 2 and 3 received
1800 FFU in the right wing 8 and 18 days
later, respectively. A fourth group,
which served as the control, received the
initial and only inoculation of 1800 FFU
in the right wing at the same time that
group 3 received the second inoculation
(day 18). These experiments (experi-
ments 1 and 2, Table 1) clearly demon-
strated that RSV inoculation in one
wing, which resulted in progressively
growing tumors by 14 days after in-
oculation, induced a state of resistance
to development of new tumors by RSV
inoculation into the other wing 8 or 18
days later. Since virus challenge was giv-
en to birds which were 8 or 18 days older
than those which received the two in-
oculations on day 0, age related resist-
ance to Rous sarcoma induction (5) was
a possible explanation for the resistance
observed. This was ruled out because all
birds in the control groups which re-
ceived the one and only inoculation of
RSV at the day-18 interval developed
progressively growing tumors 14 days
later.

To study the influence of the bursa of
Fabricius on the expression of con-
comitant immunity we performed an ad-
ditional study. Six groups of 5-week-old
chicks (five or six birds per group) were
used; three groups had been bur-
sectomized and treated with cyclo-
phosphamide, and three nonbursec-
tomized groups had been treated in
an identical fashion with cyclophos-
phamide. The latter groups were given
cyclophosphamide to determine whether
the dose and administration schedule
of this drug was immunosuppressive
for T cells, which are known to play
a role in resistance to Rous sarcomas
6). The RSV inoculations (1800 FFU
per site) were given in the left wing
on day 0 to two bursectomized and two
nonbursectomized groups. The RSV in-
oculations of the right wings (1800 FFU
per bird) were either made on the same
day or after an interval of 9 days. Control
bursectomized and nonbursectomized
birds were given an initial and only in-
oculation of RSV (1800 FFU per bird) in
the right wing on day 9. As before (Table
1), prior RSV inoculation in one wing
caused resistance to tumor induction by
RSV inoculated 9 days later (Table 2).
This resistance occurred to the same
extent in bursectomized and non-
bursectomized recipients. The two con-
trol groups given RSV on day 9 only
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were equally susceptible to RSV-in-
duced sarcomas; that is, all birds devel-
oped progressively growing tumors by
day 14 after virus inoculation. Thus con-
comitant immunity was fully expressed
in chickens with severe hypogammaglo-
bulinemia which followed bursectomy.
Since all nonbursectomized birds treated
with cyclophosphamide and given virus
on day 0 and again on day 9 were resist-
ant to the induction of new tumors, it ap-
pears that, if cyclophosphamide had im-
paired the T cell function of these birds,
their T cells had recovered from the ef-
fects of the drug 5 weeks after treatment.

From the observation of tumor size
among birds in experiments 1 and 2
(Table 1), there was a suggestion that
growth of the initially induced tumor was
increased in the recipients given a sec-
ond inoculation of virus 8 or 18 days af-
ter the first. This new finding was con-
firmed in the experiment presented in
Table 2 where we found that the rate of
growth of the Rous sarcomas induced on
day 0 was significantly increased among
nonbursectomized birds given a second
inoculation of virus on day 9 (Fig. 1). On
the other hand, mean tumor size was
lowest among bursectomized birds
which had received virus on day 0 and
again on day 9. Bursectomy appeared to
have an opposite effect on the rate of tu-
mor growth among birds which received
virus inoculations on day 0 only; that is,
tumors grew more rapidly in bur-
sectomized than in nonbursectomized
birds. These bursectomized birds also
had significantly larger tumors than bur-
sectomized birds given virus 9 days apart
7). '

One paradox of our results is that the
reinoculation of RSV, while failing to in-
duce a second tumor, causes increased
growth rate of a preexisting tumor. En-
hancement of a primary tumor allograft
in mice following rejection of a second
grait of the same tumor has been report-
ed by Kaliss and Bryant (8). Our obser-
vation that increased growth of the first
tumor does not occur in bursectomized
birds after a second inoculation of RSV
suggests that antibody mediates the in-
creased growth rate (9). Although our re-
sults do not rule out immunological en-
hancement of tumor growth, based on
blocking of cellular immunity by anti-
body, this possibility appears in-
compatible with the finding that birds
which did develop more rapidly growing
tumors were at the same time completely
resistant to the induction of new tumors
by RSV. In order to reconcile the possi-
bility that concomitant immunity can oc-
cur with antibody-mediated enhanced tu-
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Table 2. The proportion of bursectomized and nonbursectomized G-B1 chickens developing
tumors in left and right wings after initial RSV inoculation in the left wing web. Surviving birds
were monitored for 33 days after the first RSV inoculation.

Bursectom Nblg:" Interval between Proportion of birds that
rsgicm(; y o RSV inoculations developed tumors in
birds (days) Left wing Right wing
BX* 5 0 SIS SIS
Non-BX 5 0 5/5 5/5
BX 5 9 SIS 0/5
Non-BX 5 9 5/5 0/5
BX St 5/5
Non-BX 6 6/6
*Birds were surgically bursectomized (BX) at hatching and given cyclophosphamide (4 mg per bird) on the

same day and 2 days later. Nonbursectomized birds were treated with cyclophosphamide in the same man-

ner.

T Age-matched control birds that received an initial RSV inoculation in the right wing only on the

same day that the two experimental groups of birds received the second RSV inoculation on day 9.

mor growth, it is necessary to assume ei-
ther or both of the following: (i) the
antibodies that block cellular immunity
against a tumor induced 9 days earlier do
not block for a new tumor or (ii) nascent
tumor cells induced by the second virus
inoculation are uniformly sensitive to the
inhibiting effects of antibody and sensi-
tized cells induced by the tumor estab-
lished 9 days earlier. However, the dem-
onstration in mice (/0) that small num-
bers of immunogenic tumor cells may
grow more rapidly in previously immu-
nized hosts than in nonpreimmunized
hosts suggests that antibody-mediated
enhancement of a preexisting tumor
should be accompanied by enhanced
growth of a subsequently induced tumor.

The increased growth of the first tu-
mor may, on the other hand, be a con-
sequence of adaptation of the tumor
cells. Cells transformed after the first
RSV inoculation begin proliferating prior
to the full development of the immune
response. The relative weakness of the
earliest immune response may exert se-
lective pressures that favor tumor cell
variants that are not inhibited but which
may be stimulated to divide (/7). These
variants would possess heritable altera-
tions (/2). This mechanism of tumor
adaptation is compatible with the con-
cept advanced earlier by Kaliss and Bry-
ant (8). Cells transformed by RSV in-
oculated on day 9 would begin dividing
in the milieu of an already established
and hence stronger immune response.
As a consequence, the chance of emer-
gence of these variant sublines may be
diminished. The second inoculation of
RSV may, however, result in an en-
hanced immunostimulation of the estab-
lished tumor.

Slower growth of tumors induced on
day 0 in bursectomized birds given an in-
oculation of RSV 9 days later may be
caused by a mechanism unrelated to the
absence of antibody. The existence of a

subpopulation of bursa-dependent sup-
pressor T cells within the thymus of
young chickens (/3) may account for the
increased effective antitumor immunity
among these birds (14).

In contrast to birds given two in-
oculations of RSV on different days, bur-
sectomized birds inoculated  with RSV
only on day 0 developed larger tumors
than nonbursectomized birds treated in
the same manner (7). Either direct immu-
nostimulation of tumor growth or, alter-
natively, the lack of bursa-dependent
suppressor T cells which pussibly limit
proliferation of tumor cells (/5) might ac-
count for the observations in these birds.

Our results strongly suggest that al-
though concomitant immunity may limit
the establishment and growth of metas-
tases (/) it may also be a cause of more
rapid growth of solid tumors that shed
tumor cells into the circulation. The sys-
tem used in our study may serve as a
model for developing immunological ap-
proaches to cancer t:eatment by defining
the conditions which can either acceler-
ate or retard the growth of €::ablished
tumors.

- RAYMOND /.. “{. 3RIDE
DanNIEL H ~NABE
Louis W - :: «MAN
Department of Pathology,
New York Medical College
Valhalla 10595
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A Possible Cause for Infertility in Women

Abstract. Human and pig ovaries were tested by agar gel diffusion and found to
contain several cross-reacting (common) antigens. At least one common antigen was
located in the zona pellucida as determined by indirect immunofluorescence. Serum
samples from 22 infertile women were tested on pig eggs by immunofluorescence,
and six of these samples produced strong and nine produced moderate reactions with
the zona pellucida. The autoantibodies may be responsible for infertility in these

women.

Mature mammalian eggs in the ovary
or oviduct are enclosed by a noncellular,
gelatinous-like layer known as the zona
pellucida. Because of its position, any-
thing passing into or out of the egg, in-
cluding spermatozoa, must pass through
this layer. Thus, a number of roles are as-
cribed to the zona, including sperm rec-
ognition, attachment, and penetration;
block to polyspermy; protection of the
egg and embryo; movement of the em-
bryo in the reproductive tract; support of
blastomeres; and osmotic regulation (/).
The importance of these suggested roles
make the zona pellucida an attractive tar-
get for manipulation in regulating fertil-
ity.

An immunological approach to the reg-
ulation of fertility has attracted much at-

tention recently with the emphasis being
on antibodies to hormones and sperma-
tozoa (2). Antibodies produced against
the zona pellucida alter the zona surface
in such a way that receptor sites are no
longer available to spermatozoa, so that
attachment and penetration through the
zona, and consequently fertilization, are
inhibited (3). In addition to blocking fer-
tilization, antibodies to the zona aggluti-
nate zona-coated eggs; alter the light-
scattering properties of the zona by form-
ing a precipitate on the zona surface;
block zona digestion by enzymes usually
highly effective in dissolving the zona;
and, finally, in the case of fertilized eggs
prevent the embryos’ escape from the
zona (4), thereby inhibiting implantation
(5). Since the zona is accessible to immu-

Table 1. Antigens in pig and human ovaries and pig eggs. The results are expressed as the maxi-
mum numbers of precipitin bands formed in agar gel double diffusion tests. Whether the com-
mon antigens between pig and human ovaries are identical cannot be determined from the present

experiments.
Antigens
Antiserums
Pig ovary Human ovary Pig eggs*

Antiserum to pig ovary

Unabsorbed 8to 12 4t06 2

Absorbed with pig kidney and spleen 4 2 2
Antiserum to human ovary

Unabsorbed 2to4 9to 12 2

Absorbed with pig kidney and spleen 2 3 2

*Saline homogenates of zona-coated eggs were tested against antiserums. Approximately 200 eggs were used

per well in diffusion tests.
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noglobulins in both the ovary and the re-
productive tract (6), there are at least
two focal points for attack in attempts to
regulate fertility, the first being prior to
sperm contact while the egg is in the ova-
ry or oviduct, the second being after fer-
tilization while the egg is in the oviduct
or uterus but before it has undergone im-
plantation.

The ovary appears to be a good source
for large quantities of zona pellucida anti-
gen or antigens, and a number of work-
ers agree that the zona contains one of
the strongest ovarian antigens (3, 7). It
has been estimated that the human ovary
may have as many as a million eggs at
the time of birth, and a high proportion
of these become zona-coated during mat-
uration. Most eggs eventually become
atretic and are absorbed while still in the
ovary. Less than 1 percent of the eggs
are ovulated during the reproductive life
of the individual, and although most of
these pass into the reproductive tract,
they are probably absorbed in this loca-
tion.

In view of the zona’s strong antigenic-
ity and the large amount of it that is syn-
thesized and absorbed, autoimmune
properties might be expected of the zona
because it forms rather late in ontogen-
esis, during the diplotene stage of
meiosis and after the time at which toler-
ance to the antigen might have devel-
oped. The breakdown and absorption of
the zona in the ovary and reproductive
tract could continually expose the zona
antigen to the immune system and thus
result in autosensitization. Autoanti-
bodies are currently suspected as being
responsible for a variety of immunologi-
cally related diseases. Indeed, auto- and
isoantibodies to spermatozoa are be-
lieved to be responsible for some cases
of infertility in both men and women (§).
For these reasons we decided to examine
serums for possible autoantibodies to
zona pellucida in a group of women who
were infertile for unknown reasons. The
rationale was that autoantibodies to zona
might react with the zona to produce in-
fertility by preventing sperm-egg inter-
action at fertilization or by preventing
the embryos’ escape from the zona at im-
plantation.

In order to test for autoantibodies to
the zona pellucida in women, a large
number of eggs were needed for expo-
sure to the serums. The difficulty of ob-
taining enough human eggs to perform
the tests led us to examine the zona pellu-
cida of several mammals for antigens
which might cross-react with the human
zona. The pig turned out to be the animal
of choice since large numbers of zona-
coated eggs can easily be obtained by
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